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ABSTRACT

This thesis reprzsents an attemnt to show experimentaliy .
F \y

the chemical mecthods of treatment of surface waters for public

water supplies,

Elarification and disinfection are +he two basic require-
ments of surface water treatment. Complex phenomena involved 1in
chemical processes of water treatment required for clarification
and disinfection are critically reviewed from an extensive

literature survey.

The major parameters considered to be significant in the
surface water clerification gre colour and turbidity, The chemi-
cal process of cmagulationusedimentafion was found to be satig-
factory to fhese two water guality parametcrs to achieve higher
degree of clarification. Within the limits of variation of tem-
perature and pH of water samples the toagulant required to r. duce
the colour and turbidity to the limiting value recommended by
the International lrinkirg wWater Standards is ohbserved to be
dependent on their cohcentrations. On the basis of the experi-
mental re?ults, somez guantitetive relationships are develbped
to correldte the varisbles; colour, turbidity, and coagulant

dosage,

In the procuss of disinfection by chlorination, significant
reduction of chlerine Tequirements has been obscrved for the

water clarified by chemical coagulation,

Some rslated studies ware made on the Suitability of-
different coagulants and mixing methods for tho best floc forma-,
tion and the consequant effect of chemical coagulation upon pH af

water.

The limitations and shortpomings of the Bxperimental

works are discussed, conclusions drawn, and recommendations

made for further studies.
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THAPTER 1

INTRODUCTION
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1.1 GENERAL

Treatment of watzr is "to reduce harmful and objectionable
polluting matter to limiting concentrations or tolerances consis-
tent with intended water uses"l. The main objectives of water
treatment are to make water potable, i.e. to make water "safe

to drink, pleasant to taste, and suitable for damestic uses"z.

Bangladesh, This increasing demand is dye to the higher popula-
ticn growfh rate in the Country. As a result, there Exists per-
sistently a chronic shortage of potable wat=r supplies all over
Banéladesh. Even in the City of Dacca there is an acute shortage
of potable water. The present population of Dacca is 1.31 million
and the:number is expected to be 3 millions in the next 2D-yearsd.
To satisfy the demand o+ this population, about 80 mgd of water
is required only for domestic uses, the actual total demand is
double the guantity. 0Ff this total demand of B0 mgd, oniy 40 mgd
(3.5 mgd from surface sodrcg and 36.5 mgd from tubewell system)
is supplied by the Dacca WASAd. Therefare, anly a small percen-
tage of the population of the City of Dacca has the access to

safe drinking water.

Supply of drinking water is also scare in the rural areas

of Bangladesh, The drinking water supply'thrnugh handpump tube

wells by the Directorate of Public Health Engineering undeg the




INICEF-WHD aided programme is not sufficient to meet tv''e totay
Toquirements in rural areas, Peopie; ther=fore, use surfacs
vizters and waters fram katcha Mblls, the potability of which is

-

Juustionable. curface water supply is, therefore, a must for

-

the pecple of Banglsdesh,

Surfarce water is ébundant in this country, but it is poorer
in quality wgich requires elaborate treatment. To overcome the
chrnnic shortage af potable water supplies both for urban and '
ritral areas of Béngladesh, develaopment of a simple, efficient
bjt Economic process of surface water treatment is of prime
imnortance.

1.2 WATE‘F;\'_ QUANTITY PARAMETERS

Qhe%ically pure water is not found i; nanre‘because af
the almost universal solvent power of water, Natural water may
be classified as meteorclogical, surface and grdund water., Met-
eorological water is high in dissolved GxXxygen, siudrface waters
are high in suspended matter and may be turbid afd coloured, and
"ground waters may be hard, %igh in dissolved cafbon dioxide‘ahd
relatively high in dissolved minerals, The . survey aof the quality
fof water sources furnishes necessary information regarding the
treatment process and thes cost involved to remave impurities,
Turpidity; Eolour, taste and odour, pH, acidity and alkalinity,
carbon dioxids, Oxygen, hardness, temperature and micréorgaﬁisﬁs

are the essential paramsters for defining phvsical, chemical,

and biological gqualities of surface waters,
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nggégitgz Turbidity is the measure of the resistance of water

ta the passage of 1l ght through it, Turbidity is caused by the
si:spended and colloida] matter im the water in which visual
depth is restricted, In natural rivers, turbidity is contribu-
~ted to the greates “xiént by the organic and inorganic Suspen=-
ded matteria’s forom the trested and untreated domestic and
indu;tria} wastes adced to the.stream. Turbidity may also be
eauséd by the livirg and dead algae and other Drganismss. It
is an important consideratian in fhe public water sﬁpply for
thrge reasons (a) aesthé%ic {b) filterauility, and (c) Disinn
fecti;nz. T;rbidify is objecticnable from the standpoint of
appearance aestheticaily; turbid water is not acceptable, rather
repulsive to the scene of pollutian, Pathogenic and other
microorganisms are somztimes encased inp turbid particles and
are not affected by disinfectants, Turbidity of raw water also
control the process of filtration for water purificatian,
Maximum permissibie concentration of turbidity in drinking
. waters are 10 and 5 mg/1l as.specified by the USPHS and the .

! WHO (Table 1.3) ~ispectively, - ' Lo

a
-

iColour: The colour in Water;-usually results from the solutian
of extracts of leaves, grasses, wocds, all at uariogs s%ages
of decomposition, arc called true colour, Colour also may be
caused by Suspended coloursd material such as coloured turbi-
dity in water drained from red soil, termed as apparent celour,

Surface waters may become coloured by pollution with highiy .

coloured waste-waters from dying oparation in textilefind&stry,




Trom Pulping operetinng in paper dindustry and Gther indistrial °

- processes, Netural cologr in water is usually dues to the reseq-
e aof organic matter in Suspension and it exists primarily as

= - |l 1 l .

recatively charged ~nlloidal Particles™. Coloured water s not
orly undesirabie vesise of consumers' ocbjection to its appea-
rarce but slszo i+ Ty Jdiscolour clothing and adversely affegct
indusirial processes. Maximum allowable limits of colour for

drinking water arc 20,15 and 10 mg/1, defined by the USPHS, WwHO

and WHD (EURDPEAN) raspectively,

I_ﬁiﬁﬁéiL_gﬂEHEZ T@stes and odour in water may result from any
One or a cemhinztior of such conditiens as the presence of micro-
organisms, either dead or alive, dissolved gases such as hydry-
3én sulphide, methane, carbon dioxice, or OXygen combined with
organic matter, mineral substances such as sodium chloride, iraon
compound:  and, carbonates ant. sulphates of ather alements and
phenol and other tarry and cily matter, specially after &Klor: -
nation. Some tastes, such as those imported by dissalved cxygen
and carbon dioxide ers desirable. Ddeour in water changes with

temperature, sometimes not being noticeable when the water is

cold.

PH: pH is a term universally used to express the 1nten511ty af
acid or alkalire condition of water 0r a solutian. More exactly,
it is a measure of tie hydrogen ion concentration in a solition,

PH is of vital imprriance in water supply engineering., It is 5.

1]

qualitative measuremz-+t of acidity or alkalinity of watere It
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expresses thé Strength of acid or alkali in water, cchfrcléltﬁe
biclogical process, chamical coaguléfiﬁn, water~softening,corrao-.
sion and almost Al <he water trzestment process, Naturai_Water
is alkalinz and ot 3f ratursl water i1s largely dependent an the
Corbon dicride cquiiibrium, Permissinls limit of pH for drinking

water is 7 g 8.52.

¢

Acidity and Alkalinity: Acidity and alkalinity is a measdure of
the amount of acia'affalkali present.in water. [t is a quanti=
tative_ﬁeasuremehﬁ 07 acid or alkali in o solution, Acidity is
geherally ﬁhdesirabla In public water supply but & low acidity
is ‘not hewever determental to potability, Alﬁélihity is c&mm'ﬁﬁh
found in natural waters in the form of carbonate of §oda, Bicav«
bonate of calcium and magnesidm, CAawustic alkalinity éaused'by
hydroxices is seldor foung £ water, Maximum limit of total
d8lkalinity are 120 and 10n prescribed by USPHS and WHO respec -

tively.

Carbon dioxide: Czrbon dioxide in wuater may be a result af

decomposition of organic maotter or of metabolism of some Grga-.

nisms. Hence, +ha presence of excessive carbon diaxide ihdicates
: . e . e 247 e C ok

biologieal dctivity in water . Ground water may cohtain garbon

dicxide as much as =g mg/l without afFecfihg the sanitary quality

of water, Carhon Cioxide in water is desirable at a CcoOnceftra=

tion known as carbsnrte balante,




Oxygen: Analysis of watar related to OXyYgen zre didsaolye nygén
(D0}, chemical oxXygen demand (COD), =2nd Biochemicel oxygrn
demand (BJD}, Dissolvad OxXvgen test indicates OXygen conteni of
water, Sufface watur of Satisfactary quality should be saturgfed
with dissolivad oxygen, Under saturstion or Supper saturation in
surface wster somctimes indicates pgllutionT. Chemical oxXygen
demard is the measure of organic matter, Particularly carbona-
Ceous matter. In gencral a water of good quality should be low
in oxygen consumed., Biochemical oxygen demand is the amount of
OxXygen required by the living Micro-organiss g enrgaged in utiii—
zation and ultimate stabilization of organic matter present in
Sewage and polluted waters in a spacific time (5 deys) at a
Specifiec temperature (ZDDC)B; Hence, BOD ig an indirect meas.re
of the amount of decomposab le orgﬁnic hétter present in water,
Unpolluted water should have less than 5 mg /1 BDDz. Higher BON
value ic g danger signal deranding investigation of the tause

before the water is pronounced potable,

Herdness: Hardness in water is causad mainly by the tarbonates,
—=11Ess

-

bicarbonates and Sulphate of caleium ang magnesium, Although
chloride and nitrate of this two elemant and of iron and alumirnum
are effective in lesser degres fo the ﬁause of hardness. Hard-
NESS 1s . undesirshle for domestic water supply for the causes

that hard waters Consume enough soap for lathering, clog skin,

discolouyr porcelain; stainsg and shortens the life of fabries,

and diécoiour vegetablaes ang food stuffs,




Temperature: Potablc water siould be of moderate temperature.
The most desirable rarge of tempersturs for public water sugpn-
lies is between 40 <+ SDOF. Temperaturg‘ia a controlling factor
in the treztmen+: pracess; chemical regquirements and biological
growth in water,

Microorganism: The microorganisms, an important group of living-

creatures found in surface water, are somewhat arbitrary defined
in water works practics to include Several classes of plants and
animals living in cemmon only the characteristics-that the
microscope is necessasry and sufficient for their identification
and classificationl. The microorganisms belong to plant kingdgm
are chiefly aslgae, diatoms, fungi, bacterin and viruses, Anims o
are protoza, matazoa, rotifers,'crustracaans, warms and larvae.
The growth of MiCroorganisms in water is governed by the food

supply and envirohmental conditions,

The living orgznisms that have their natural habitat in
water and that ars introduced in water in coursz of its use by
men are of deep conzérn. Pacteria, viruses and protozos args
infectious to muean ond rsspogsible for the acutbreak of serious,
sumetimes, fetal witarborne diséasesg’lo. The most cemman
pathogenic (disesse pruoducing) bacteria and protozoa are Baci-
-1lus Typhi, Salmonellas Faratyphi, Shigella Dysenteriae, Vibrio
rcomma, Endamoeba Hystolytica,

‘Dther organisms-the algae and;reiated pléhktonuaféirespoﬁ—

*
sible for the octcurance of taste, odour and colour in water




v .
-

vsuppliesz’g. Certain variety of algas are toxie and undesirabie
in surface waters. tlgae may; if left uncontrolled, infesi wate-
supplies in such numbers as to render the water unfit fo. human
consumption, be rosponsible for the sudden death of the cattlé
and may flourish in water conduits, both open ang closnid and

Tzduce thei- capacity.

rm

&

1.3 WATER-BOANE DISEAS

Water borne discasszs are caugedrhy patﬁogenic miciaorgan
~nisms, Unfortunately, their isolation from natu;al watar is
diffirult by laboratory means. There is, however; 2 group aof
harmless bacteria, kncwn as Escherichia Coli, normally ﬁresent
in the intestinal tract of werm-blooded animals, which can be
relatively easily isolatod and identifiedT. £. Coli test is a
search for £, Coli bacteria, the bresence of which is -taken to
ifdicate the preschce of fecal matter in the wator and is a |
warning that pathogenic bacterig indigenous to the intestinal
efivironment, may also pe Present. The table 1.1 shows pathogenic

bacteria and viruses responsible for some common water-borne

diasases,




Table 1.1 viater-boune Uiseases ard Associated Patnogehs

i

I S —————— .

f Name of Discases

by

Crganisms fesponsgible

A R o v ) ———et

Tyenoid fever

Paratyphoid Feve-

Amaebic Dysentary
Bacillary Dysentery
Choiera

Swall pox and chicken pax
-GLastroentaritis
Poliomyelitis

| Schistosomiasis

InTectious Hepatitis
{Jaundice)

Anthrax

“

Tularemis

| Influenga, Colds
Qheumdnia,Broncho_pneumonia
Diphtheris

| Cancer

Polio-like diseases

Urinary Inflamétion
 Whaoping cough
:lTuherculosis

Leorosy

T T ik . = bt ettt e - s - —

* _Bac1llu5-Typhi (Bacteria)

Salmtnella Feratypni (Bacteria)

. Dermotropic Viruses

Meuvrotropic Viruses

Lercarnie (Animal Parasites) |

Baecillus Anthracis

therthels Typhesa (Bacteria)

Endamoeba Hystolytica (Pratdzoa)
Shigella Dysenteria (Bacteria)

Vibrio Comma {Bacteria)

Enteric Viruses

~
N

Enteric Viruses :

(Bacteria)‘

——

Spirochates (Bacteria)

 Pheumotrophie Viruses

e

Diplo Coeccus Pneumaonia (Bacteria)
Corymebacterium Diphtheria(Bacteria)
Viscerotropic Viruses

Enteric Viruses

Escherichia C£glji (Bacteria)
Hemophilus Pertussis (Bacteria)
Myceobacterium Tuberculnsis(Bécteria)

Mycobacterium Leprae (Bactg;iafﬂ
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~.4 INTERNATIONAL STANDARDS FOR WATER QUALITIES

(A) Water Quslities of the Sturce;

Water suppliies snhould be drawr from the best aveilable

eurse. The WHO, i 1933 prescribed the maximum &llowable limits
C¥ water qualitruy +-p watop sourcesz. Table 1.2 showa the star

derds of som=2 impe-tars water qualities for s 8butrce,

Teble 1.2 Intcrnational Standérds of Quality for Water Saurces

[ : Nualities Maximum allewable lihits . _7“
Colour 3 300 mq/1 :
-Total dissplved so :ig ' : . 1500 "

Iron ' _ 50 "

Manganese ' - 5 "

Lopper and Zinc 1,5 "

ND3 - 45 " ' !
Fluoride 1,5 " '
Phenolic substances 0.002 " ,
Arsenic and |Laad : 0,05 " l
Con - 10 "

Nitrogen Except NG, : 1 "

BOD 6 .
Bacteriological guality rEqu1res'

Disinfection only 0«50 MPN/100 ml
Usaal treatmenms : 90«5, doo H

Extensive treatment 5,000-50, 000 "

(B) Drinking Water Rualities:

Thé USPHS and WHO standardize the Physical and chemieal
parameters measurirg water qualities Q? drinking watey, Tdble 1,3

shows the maximum &llowable limits of some important parameters

for drinking water
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Table 1.3 Intecrnatiohal Drinking Water Standards
' (Physivaljchemical:and Racteriologicall,

—— - — i i, i e [
;Maximum Allowable Limit i ma/ 1 ‘

e , USPHS(1962) WHO(1973) European(WHO T
Physiéaigﬂualitigﬁ

TQualities

_Tétal dissolvad solic 500 . 500 250
} Turbidity . 1o : 5 5
! Cb;DUrj 20 15 10
| Temperature _ 509 ‘ 50°F 50°F
| Taste and odour ' Nil ' Mil Nil
ﬁhﬂmigg%lggalitiqg: -
. Total hardress 150 100 ‘ 100
Total Alkalinity 120 ! 1np 100
pH ‘ 7 to 8% |7 4o g¥ 7 to g% '
Iron and Manganess : 0.3 0.3 ; 0.2
3"ND_3 Nitrogen 45 ] 45 50
| Fluoride | 0.6 0.5 0.5
Phenol . 0.001 0.001 0.001 |
Arsenic : 0.05 0.0051{ - 0.02
| Lead ‘ 0.05 | 0. D05 0.10
Chloride | 250 ‘ 200 | 350
falcium ) 80 1 75 ‘ 75 '
‘ Bac%eriq}gg;ﬁal qqﬁ&}ties:ﬁ
{ Pathogenic Microorgahismmd‘r N4l ; Nil | Nil
, . t . .
® No units, ’ .

-
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1.5 OBJECTIVES aF e RESEARCH

The followiny are the major objectivas of this research

works:

(1)

(3)

To study *he effectiveness of chemical coagulation
with the lccally available best coagulant as a single

method of treatment for the required degree of surface

~water clarification i.e., for the removal of colaur and

turbidity +to the limitting conbentrations as recommen-

ded by the International Drinking Wate: Standards,

To develare a guanitative relationship befﬂeen the
chemical dcsage and the water guality meésuring para-
meters like colour snd turbidity, so that correct
dosage of chemicals; based on the Taw water quality
of the source, can be applied for the treatment of

surface waters for public water supplies,

To study the effzct of chemical coagulation upon the

subseqgiiert disinfegtion by chlorination and other

related water guality parameters.
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CHAPTER 2

LITERATURE REVIEW

2.1 HISTORY

wataer stply nzs its histéry, literature, science and
technalﬁgy as ancient zs human civilization and Clulture, Water-
works structures are found'in the excavation of prehistoric
ruins. The remains of lake Moeris in Egypt indicate its CONS =
trﬁction about 2000 B.C.; this was the largest water supply
reservoir of Nile Valleyz. Amongst others, thﬁ-supply of water
in the city of Jerusalczm, Rome, and Mohenjodaro were specially
notable. Wells were also used at remote period in ancient

.

Greece, Italy and India to utilizz the underground water. Arue-

sian wells were also found to be sunk in China in early tim852'5.

' The early water supplies were‘contaminated by various
impurities ané pcople were suffering Ffom Qa;ious water-borne
diséases. This urged the Enginears‘and Doctozs to improve the
sciénce and technblogy reqﬁired to purify water ta'make it safe.
Amongst the treatment processes, John Gibb designed and cons-
tructed the first waterrfilter at Paisley in Scotland, U.K. in

180412. James P, Kirkwood designed and built the first sizeable

filter at Poughkeepsie in Newyork, USA, in 18502¢1%

The use of chemicals for water treatment was first intro-
duced .and developed in the later nineteenth censury. In 1884
the first patent on coagulation was granted to Isaiah Smith

Hyatt, who, following a suggestion of Col. L.H. Gardner, Sup*.
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of the New Urleans Water Co., successfully combimed the uce of
perchloride of i:oa as =a coagulant with his system of raoid
filtration in the trzeatmert of turbid waters. In his patent
Hyatt claimed the us: not only of perchloride of iren tut of.
"any other sgitable'agenf which i5 capable of coagulating
impurities of liguic ahd preventlng their pessage through fil-
ter bed"ll. In i1BBSL; 53merv1lle and Rarltan Water Co, of New
'Jersay adocpted Hyatt's simultaneous coégulation-filtration
system in rébidifilfration Rapid flltratlon had been adopted
at 50meru1lle as &arly @s 1BBl, but there wa~ ..o record of the
use DF a’ coagulant in comblnqtlon with 1t befure 16885 as a
full scale method of treatment2 ll. In the samelyéarhprofeaéoL
Austen and Nllber of Rutgers University publlshed the resul .&
of the first scientificelly condu=ted studies on alum as a
caagulant. Other coagulants like ferrous Sulﬁhate and llmE
{1898}, comme;c1al ferrous sulphate (1902}, Chlorlnated copper-

as (1912}, activated Silica (1937) were also 1ntroducedll

The garly imﬁdrtant experiments on rapid sand filteration
were carried Dut at Providence in 1893-1894 by Weston; at
Louisvill: and Cincinnati by George Warrenm fuller in 1895-1894.
at Plttaburgh in 1897 by Allen Hazen, at Washlngton D . in
1899 by Miller, at New orleans in 1901 by Robert Spurr Eestﬁn,
and significant impruvemgnt of the water treatment processes

l'l
were made .

The earliest recorded use of chlorine directly feor water

disinfection was in January 1896 by W.M. Jewell who utilized




chlorine gas for disirfection in the experimantal studi-e
conducted at Lovisville. Ky., by Génrgé Fullar;l.-ln 1877 +he
polluted watay sunply of Maidstoha, England; had been ireatsd
with chlozinated »ime as 3 fehoorary measure during a typhoid
BpldEmlC However. chlorination of wWwater as a continuous part
Df treatmenu was “irst adopted at Mid&iékérke, Belgium in
1842, Thelsecond cuntinuoﬁs use of chlorination was in England
where Houston and McGown; in 1905, started. the application of
‘sodium hypochloride for disinféction OT raw wacer uin the

slow sand filter piant. Ths first technically successful
application of chlorination in America was made by George A.
Johﬁson, who demorstrated that raw water could be d‘SlnfLthd
with a solution of chlorinated lim= and the LUldence that
bacteria could be destroyed without impairing the quallty of
effluent was considered extraordinary. As a result, Johnson,
in co-operation with L. Leal applied chlorinated lime to

to the entire 40 mgd supply of Jersey city N.J. in 19082’11.
Chlorination of the Poughkeepsie, ).y, Supply was initiated

11,12

by W.T. Carpenter on March 17, 1909 ; and during the

next years the process of chlorination for disinfection

expanded rapidly,
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2.2 CHEMICAL PHUEES? OF WATFR CARIFICATICGN

2.2.1 Flocculatian Scdimentation,

*

M

The addition of certain chemicals in water, an insoluble,

gelatinous, flocculensy snow flaks-like precipitates are formed,

which in its formation and descent through water absorb and
entrain susoended and calloidal matter, hasten its sedimemtation
and remove turbidity, colour and taste more rapidly than

plain sedimentation. The phenomenon is knewn as flocculation=

sedimentation.

Inorganic turbidity in natural waters consists principally
of clay parti¢les derived from soil, Organic particles causing
turbidity and €olour are from the disposal of organie matter in
water sources, These particles ranges upto 5 micrans in diamet zz,
But the particles of smaller than 1 micron ars more stable-and
are of comtrolling importance in rapid FlDCculationla.

The smaller particles derive their stability frDm an elsca
trical double layear Ssurrounding each particlela—ls. The outer
layer of the electrical double layer comprises exchangeab le
cation such as Nat, k¥, Ea++, Md++, and HY that diffuse into

surfounding water medium, The electric double layer and the
envelope of the solvent malecules attached on the suffa;e of
the colloidal particles causes mutual interaction amorig the
particles in soluticn., The resultant interaction betwsen the
I colloidal particles is the sum of the Vander Waal Forees and

| the electrostatic forces of the electrical double layer, At

' small and larges distances, the sttractive forces always .

predominate (Fig.Zal)lG.
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Fig. 2.1 Schematic iagram of Potential Curves
This is beczus=2, ths electrostatic foirzes of Gouble layer

at long distences diminishes more rapidly with increasing dis-

tances than the vandazr valls forces and because at the small

distances, comparabie wiuh atmoic dimensians, atomic attrac-

tive forces always predominate. Mutuel interaction does not

occur, however, until thz distance betwean the particles is

not so s1all that thz penitr-tion of the diffuse part of the

double layer or the solveted layer begins to take place.

The interzctinn, whean repulsive, 1is responsible for the

stability of the colioidal system. At intermediate distance,

corresponds approximately ta the thickness of the diffuse doub le

layer, repulsive electrostetic forces 'may predominate. This

occurs when psi-pote;tial (potential at the plane between

diffuse and non-diffuse parts of double laysr), of the inter-

3
acting particles is high and of the same sign and when the
duffuse laysr is sufficiently thick, Qnder such condition
'energy barrier’ .ds faormed which can pravent the approach of

the particles within

2 ctistance at wﬁich'fhe attractive force
. ,b'ﬁh '




precdominate. Under this condition the colleid is stable ard

does not coagulate,

The instability, on tne other hand, is due to thes Erowniasn
motion and Vander Wells’ forces of attraction. The effect of jhg
Browniam motion is that-the particles are driueﬁ tloser to éatH'
other to distance at whizh the ihfluence of intersction betweeh
them takes place. The instability of the eoilmidal systemkraﬂ
sults in goagulatior which occurs Qheﬁ the energy barfiér is
sufficiently reduced =and the energy level of fhe‘resuitiﬁg
agglnﬁgrates is lawer than the origimal agglomerates. The cofs
ditions may Ee attained by. |

{1) The contzaction of the diffuse part of the double
layer. The contrastior of ths diffuse part of the double layer
can be produtad by increaging the iof-concefitration &f the
solution, |

(2) The reductien of the psi-pdtential of *¥he e¢olloidal
Farticles. The psi-potential can be reduted by (a) charging tne
concentration of the potential determining ions afd (b) adding
ions that pass=ss a charge opposite to that of &he patential
determining ions and that are able to replace those ions in
the Helmholtz (innrer non-solved} part of the double layuri4;

The above conditions may be attaired by the addition of
polyvaleat sations such as ALYF*, Fot*t op ather coagulants,
The addition of these coagulants will repress. the dﬁw&ig layer
(contraction) and lower the stability of the partieie. At a

critical level of destabilizatien the particles begin to
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coalesce, forming aggrcgates. A mcre important factor affectiﬂd
the rate of agglomerstion is the total exchange capacity ~f the
turbidity particle that is the total concentration of adeoroed

or exchangeable catiors in the system., In water having VETY

high exchange capacit . exceeding certazin critical limits, the
agglomeration following dustabilization will be very rapid

resulting a large fioc =2nd rapid clarification,

In most naturzl waters, the concentration of exchange
capacity is less than the critical CDHCBHtIatiDﬂ; and as & result
the rate of éggregation is slow. The aggregates that form foll-
owing destabilizatior ere too small for rapid settling. In
order to affect a rapid clarification of normal waters it is
ne-essary that a suitable agglomerating agent or binder mate-
rial be present which will biﬁd the va?ious small aggregates
into iarge‘and rapidly settling flocs. In practice, a properly
adjusted single hFydrolizing coagulant chemical such as aluminiun
or ferric salt will affect both the destabilization and mecha-

nical binding actiGnLa. fn alum flocculation, a portion of
A1 T ions is affective in destabilizing the turbidity particles
and the rerainder of the ions, through hydrolysis, forms inso-
luble hydrous oxide hinder material, The dosage of alum nécded .
for the destabilizat on process will equal the exchange capaci-
ty of the systam and essentiaslly all the initially adsorbed

cations will be replaced by AL™Y. The hydr .ous oxide reguired

will depend upon the concentration and particle size distrie

bution,
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The pracipitaze particles of forric or aluhinium-hydrnug
cxides that are formed by crystalization usually posses é?iqhtly
pasitive Zsta--potential (pofantial at the éloping plane of pur-
ticies) ihe velus cf which firstly depend on the pH cf theo so}u—

14

‘ticnT . At pH rangs of optimum coagulaticn the psi-potertial is

ti and zeta potential is high, which is an important factokr in
coegulation, Thz colloicdal impurities in watear have high hegative
cherge which is the principal factor in stabiliéing these impu-
rities in solution. The initial phase of coagulation involving
the hydrolysis cof coagulant, crystallizscior, <oo:pencation of
negative charge of coiloidal impurities in water and consegquent

mutual coagulation of distabilized colloids, ends with the

formation of microflocs. When the gquantity of ferrie or alumi,.t'fm=-
Q N

hydroxide precipitate is smai> ang insufficient to tompefisate
for the high negative charge of colloidal impurities, further
coagulation stops. The resultant agglomerates still possess

sufficiently high charges to crest an energy barrier betwean

- the interacting parcially agglomerated particles and thus to

prevent the continuation of toagulation, By increasing the
coagulant dosz, the segative cherge is graduelly reduced until
the critical point is reached at which the mutual coagulatinn

of aggregates is not hindered, ‘

The prorcess of Coagulation summerizead by St’eel5 describes
that coagulation preceeds in three Steps as the alluminum syl
phkate and ferric sulnhate dissolve,“posifive alldminum and
ferric ions becamzs aveilable to neutralize the Negative charge

on the perticles of wureidity, including caelloidail tlay and colouw,
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This is the first stage of coagulatian. Aftar the positively
.charged ions have neutralized, a larqe‘part of . the col;oidal
turbidity or colour particles, the resulting flocs are still

too small to be seen or to settle hy gravity., Again the flocs.
Tetain certain pousitive charges, pecssibly due to adsorption of
positive ions fraom water, in other wards, the resu%}ing positive
flocs still have the property of neutralizing negative colloids,
the treatment, therefore, should be a slow stirring calledrflo-
cculetion in order that the second step may occur during which
the very small flocs may agglomerate and gro, 10 sie until they
are in proper condition for rapid sedimentation, During these
phases, the third action, surface adsorption of particles takes
place on the large surface area provided by the floc particles.

Entrapment of others including bacteria also takes place.

2.2,2 Rete. of Floe FormatioP

Flocculation results from the velocity differences or
‘gradients in water during gentle stirring, wHich causes contacts
between the moving floc masses. They alsao cause shearing stresseas
alaong planeé'in water and to overcame these, power is needed.

Eampl5,l?,18

showedAthat the rate of floc Fbrmation is propor-
tional to the valus of roct-mean-square (RMS) velocity gradient

which is defined as
W
G = Y=, 2.

in which G is the'rodt—meansusquare velocity gradient in the

‘basin in ft. per sec. per ft. (Sec_l), W is the mean value of

the dissipation function, equal to the total power dissipation
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*

divided by the volums of +he chamber or conduit and 4 is the
absolute viscosity of water in pound-second per Square ‘aot,
The larger :the. value of Gy the shorter will be the tiwe reguired

to form floc. Also = very high value of G will result in excess-

ive shearing forces, these may, in fact tend to shear apart the
Tlacz perticles which as they grow larger, will beceme weaker.,
Yerachmiell9 experimentally also proved the fact that for a
given residence timg, perFDrmancelincreaee elmostllieeaely with
the RMS velocity gradient until maximum valuelis reached beyond
which any further increase results in the decrease in performance,
The optimum velue of G is considered between 25 tp €5
Sec” ; In case of rot= 2ting blades the perioherial speed should
be between .6 to 2.5 ft. per sec. Usually, . the velocity of
water will pe generally Tth the blade velocity. Total paddle
'aree should not exceed 15 to 20 percent of the Cross-sectional

erea.

2.2.3 Rate of Sedimentations

As the flocs form, the rate of clarification of water is
affected by the sedimentation of flocs. Particles having maore
density than the surrounding water will settle VErticelly due
to gravity. The perticles subside &t uniform rate as sccelera-
tiom ceases due to frictional resistance. Two major drag forces

are at play, inertia and viscosity, Newtun5 assumed that the

drag force was a function only oF inertia whereas Stuke empha-

sised the role of viscosity,
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fThe impeling force Fi is the weight of the particles in’

liquid media i.e.
F. = {P_ ~F) gvu (7.2}

where PS and p are the dznsities of particles and of the liquid,
g is the acceleration due to gravity, and V, volume of the
particles. Equating Newton's drag force to the impelling force

in Egn. (2.2),the subsidence velocity 1is obtained as

P - P
3

d) (2.3)

where Cd is the Mswton's coefficient of drag, d is ches diameter

of the particles, v is the settling velocity,

Equating Stoks's drag force with the Egn. 2.7, the

subsidence velocity obtained,

1 (ps B P)

2
v = =g ( 7 } gd

(2.4)
where £/ is the absolute viscosity of the medium.

It has been varified by many careful experiments that
both viscous and.inertia force control the velocity of suspen-
ded matter in polluted water. Upto-pa;ticle diamegter of 0.1 cm,
| (Reynolds Number, R, = 1.0) the viscosity controls the settling
velocity, and above particle diameter 0.1 to 1.0 cm (RB¢ZDDD)
trans ition zone exists and sbove 1.0 cm. ‘inertia force controls
the settling velocity and the Eqn. 2.3 holds good. As the
particles, which produce turbidity, are smaller than 0.1 cm,
Stoke's law (Egn., 2.4} is found valid for settling velocity.

-~

CamplT’lB states that hesavy Floc'égEticles, significant

~

in water treatment, seitle in the tramsition region but mbst of




the particles settle well within the Stroke's law. Particles
with irregular shapes settle some what more slowly_tHEh Spherss

of eguivalent volume.

The flocs formed oy coagulztion are mostly shaped like
snow flakes, The sheat-like flocculent particles ExXpose a larée
portion of their mess to absorption of water and hence lowering
density, very lacy flac particles may thus approach the.density
of water, with almost complete lcss of settling velocity. In the
process of agglomeration, compactiorn takes place, %he fraﬁe—
work of the floc is filled in, water is expelied and density

1'20. The increase in the time of flocculation increa-

increases
ses the opportunity of contact and enhences agglomeration to
such an extent that the time required for the sedimentatics +e
reduced, Upportunity for agglemerstion is greater wﬁere concen=
tration of the flocculent ﬁarticles is higH, §imple because
there exists greater opportunity for contact among greater
fumber of particles, consequently the influence of agglamera-
tion on subsidence is more pPronounced in watar of High suspen-
ded solids concentration than those of low concentration,

Bond?? deduced the equation relating the velocity of

particle and its concentration in the ligquid,

Vo= v (1= g )2/3y (2.5)

s p s

where US is the settling velocity, Vpi velocity of the parti-
cles relative to the upflowing'liquid, s is the concentration
of.the particles in the liquid f Is 8 constant depending on

particleshape. Bond observed fair agresment of the Egn.2,5 with
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experimental settling velocitics of alum and lime flocs in water.

He also graphically related the settling velocity of fresh ang

aged alum slurry in water ot different temperature.

KalinskeZl has deduced, from some settling experiments,
‘with alum floc and calcium carbonate, tha‘velocity-concentra—

tion relation
Vo = V- kS (2.6)

Another equatiaon relating velocity and concentration

Vg =V, (1-ms) ' o qa

was developed by Schaafsmazo anc obtained good experimental

gggrement with alum floc,

2.2.4 Quantity of Chemical Requirements:

Optimum flocculation represents attainment of a very
complex equilibrium in which many variables azre involved.
Experimentsl carried at reasonable constant CDndlthﬂ of dis-
pFrSan medium show that certain relatlon exists between the

) alum dosags and colour concentration of raw water which is a
measure of organic fraction of codloids, The general relation -

based on the gxperimental results and plant_pe;fp:manpe'ié

T

developed.

y = mlogx + b - {2.8)

in which y stands for alum dosage in grain per gal 4o reduce

colour to 20 mg/l and x for raw Qater.colnur in mg/l, m amd b

gre constants,
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Again surfacc adsorption is the process by which turbidity
and co.our are removed by the floc particles. During thke time
of flocculation, the adsorbed substance {(adsorbate) is reme ed

from liquid and deposited on solid surface of coagulant floc,

ﬁﬁich élarifies the mechanism of adsorption. The phenomencn of
édsorption étgteszz that the amount of material adsarbed by a
giveh.weiéht of the‘édsorbent at a given temperature depends
on the cdnﬁénﬁrétianlof the solute. The qdéntifatiue studies

of adsorption is possible through Freundlich adsorption equation

i TS

ﬁ:}{[ (2.9)

where X is the weight of the adsorbed substance, M is'the wei-
ght of the adsorbiné medium, C is the conéentration of adsortate
remaining in water; K and n are the constants related to the
concentration unit employed, type of the adsorption medium and
its temperature. The experecsion indicates that the system
assumes an equilibrium condition at which the concentration nf
the adsorbate in the adsorbing medium X/M is a function of its

residual concentretion in water C.

The phenomenon has baen applied to the removal of gases
and odour, but not yet been applied o the remcval of turbidity .

and colour.

2.2.5 Factors Influencing Coagulation:

{1} Kind of Coagulants:

} The colloids are negative in natureSF;B’la. The addition .

of a polyvalent cation will coagulate watér, Forﬁéll waters,

P L
~
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s€me type of cdaguian; does not coagulate well, The sezlection
ot the parficular type dapends.upon the eFFiéiency to forn flous,
absorb colleids, and clarify rapidly, However, the selectiur of

the particular type ic based on its specific advantages and

disadvantages.

{2) Quantity of'EDagglant:

Quantity of coagulant reguired to clarify turbid waters
varies widely. Thera is, of gourse, some relation bétween the
turbidity of raw water and the proper coagularion dosagez. The
ather Factors that conurol coagulant dosage are +emperature,

cine of miximg, pH., ron. exchange cdpacity, etc.

e e

£3) Camcer tratium_gﬁ_@_% op agd_fg.g d Lhye

Turbidity and colour arz praduced by flna colloids of size
narylrg D”2 mlcron to 5 micrems which remain in stable state in
water, Floceculatior is hithy‘influemcedibyffﬁe:partisﬁa size
amd'thcemtratimn.eflturﬁidity and zologr. Finely divided sugw
pendEﬂVgéftieies are more difficult to-coaqulatE‘fhaﬁ the larger
partidlés,‘necgéaiatimg a: karger quantity of coaguwlant for a
Gertainrthrbidity; Weters having sufficient turt idity agglome—

rate sucéessfufly ard settle well.

{4 pH:.
There is. at. least aons pH zene in any water in which good

leLculatlon occurs. i the shurtbst time w1th a: given doge of

coagulant Failure to operate withim the optimum zore for a
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‘given water may bz the wasie of chemicals, Studies on .he effect
of pH on coagulation concluded that "the more dilute the vater
in salt contents and less the zlum zdded, the narrower becomes

the pH zone within which optimum floc formaticn is to be found?2.

Different coagulant have different zone of optimum coagulatiaon

which is rot always appliceble for all typs of waters,

(5) Time of Mixing and Flocculation:

Time of mixing and flocculation have significant impor-
tance upon the clarification of turbid wéters. A long time of
mixing increases the density of the flocs by expulsion of water
from it and get havier by the adsorption of suspended particles
and thus increases ths settling velocity. The growth of floc
depends upon two factors, collision which in turn is dependent
upon the physical zction perticularly agitation, and adhesion

which is controlled by the cheamical and alectri;al forces,. -

(&) Temperature:

The main influence of temperature upon coagulation is
its effect upon the time required for good floc formation.
Generally the colder the water the larger the time required to
produce good floc.with @ given amount of coagulant. Since the
control of temperature is very difficult” it is Duercomed‘b&

the adjustment of other factors.

(7) Violenpes of Agitatiaon:

The rate of floc formation inmcreases with the agitation

as velocity gradient increases with it but after a certain
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limit, the flocs break and shear- off if the agitétidn zxceeds
the limit, Thz recommended velocity is genmerally 1 to 1.3 ft.

pEr s=ac,

-{B) Presence of Neuclsi:

Suspended sclid particles act zs a nedcleous for the
initial formation of flocs. Water containing small amount of
colloidal turbidity is more difficult to flocculate than the
watér containing large amount of coarse turbidity, and the
dlfflculty can be overcomed by returning preformed aged flocs

to water containing nascent flocs.

2.2.6 Chemicals and Chemic=l Reacticns

(1) Aluminum Sulphate:

Alum {aluminum sulphate) is the most widely used coagular*,
Water contains bicarbonate as natural alkalinity in which cace

the cheﬁical reaction proceeds as follows:

AFZ(SDd)a.XH2D+3Ea(HEU = EAL(DH)3+3C8504+XH20+6E02 (2.10;

3)2 -
The alumiﬁium hydroxide is the floc. In the process all aluminum
added. precipitates and the temporary or bicarbonate hardness
caused by calcium bicarbonate is reauced and parmanent or non-
carbomate hardness causcd by EaSD4 is increased, with the another

addition of carbon dioxide.

Some water have insufficient natural alkalinity, in these

cases, alkalinity in the form of lime (Ca0, and EaEDa) and soda

ash (Na CDa) is generally added. Calcium oxide dissolved in

2
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water forms Ea(CJH)2 which reacts with alum.

A12(50a33.XH20 + 3Ca(0H), = 2 F.l(DH)3 + 3CaSo

> + X5,0

4

A12(504)3. XHZD+3N32C03+3H20 = 2Al(DH)3+3N52504+3E02+XH2

0.

{(2) Iron Salts:

Ferrous sulphate reacts with natural alkalinity but the
reaction is very slow, addition of caustic alkalinity causes

speedy reaction.
Fe SD4 + Ca(HEDB)z = Fe(HC03)2 + EaSD4
EE(HED3)2 + ?Ea(DH)2 = Fe(DH)2 + 2EaCD3 + ZHZD

or Fe 504.7H20 + Ea(DH)2 = Fe(DH)é + CaSDd + THZD

Dissolved oxygen present in water oxidizes F[-J(UH)2 to Fe(DH)3

and flocs are formed.

0 = 4Fe(GH)

2

4 FE(DH}2 + 02 f 2H 3

Im this method less hardmess in added.

Ferric sulphate may be used with natural alkalinity or

added alkalinity and reactions ars respectively as follows:

82(504)3 + 3Ca(HCD3)2 = BEESDd + 2Fe(DH)3 + EEDZ

FeZ{SDa)a + 3Ca(OH) = 3Ea504 + 2Fe(DH)3

Ferric chloride when used as a coagulant reacts with natural

as well as added alkslinity in the form of calcium hidroxide.
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2Fe E13 + 3Ea(HED3)2 = 2Fe(DH)3 + 3CaE12 + GCDZ

ZFECl3 + 3Ca(DH)2 = ZFE(DH)H + 3CaC12

chlorinated coppzsres is a mixture of FeEl3 and F52(504)3
prepared by adding chlorifie tp a solution of ferrous sulphate,

6FeSD4 + 3C1. = 2F82(504)3 + 2FeCl

2 3

This is effective in colour removing and forms tough flocs

which settle well and can work in the wide range of pH,

(3) Sodium Alluminate:

Sodium alluminate has besn successfully used as 3 coagu-
lant for water treatment. IF it is used with aluminum sulphate,

the following reacticns takes place.
3N52A12!]4 + A12(504)3.18H20 = EiAl(DH)3 + 3Na2SDd+GH2D
.2Na2A1204 + €O, + 3H20 = NaCO, + 2Al(DH)3

Sodium 2luminate alone reacts with Ca and Mg salts and added

alkalinity in water to form aluminate of metal which are effec-

tive as coagulant.
¥

Ca(HCDH)2 + NaZAlZD4 = CaAlzl]4 + Na2C83 + CU2 + H2U
Ca(SDd) + N82A1204 = CaA1204 + NaZ(Sﬂd)

CaC12 + Nazﬂlzﬂa = CaAl204 + 2Nael

Ca(DH)2 + Nazhlzﬂ4 = CaA1204 + 2Na{0H)

The reactions with magnesium salt are similar,
7




32

(4) Other Chemicals:
Others like limez and soda ash are used to pfoduce Aarti-
ficial alkalinity and PH adjustment. Sodium silicate eids tco

built larger flocs. Clay is used to increase the weight of

flocs for better settling. Amonia alum is generally used for
the treatment of water inm small installation like swimming

pool, ice plant, laundries etc.

2.3 CHEMICAL PROCESS OF DISINFECTION

2.3.1 Introduction:

The safefy and palatabiiity of water is often hinge upon
the elimination or destruction of two groups of living organisms;
{a} the pathogenic bacteria and other micro-organisms that ma,
infect man through his use of contaminated water, and (b) the
algae and related water-booms that may render water aestheti-
cglly unfit for human consumption with the creation of taste,
odour, colour and other associated broblemé. The term strili-
zation means killing of all or@anisms present ih water., It is
impracticable to attempt}gill all'water—organisms within tech-
nical and financial limitatioan, the practicable objective is
particu;arly to destroy pathogenic microorganisms called disin-
fection, and generally to eliminate organisms those capable
of multiplication in water mains with the consequent develop-
ment of taste, odour and objectionable forms. Hence, in water-

works practices, the term used is disinfection; means the killing

of pathogenic bacteria presenmt in water to prevent water-borne

diseases,
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2.3.2 Disinfectants:
(1) Chlorine:

Lhlorine and its compounds, such as hypochloride cf lime

Ca(DElz),.anQHSDdium hypachloride (NaOCl) are widgly used fof

disinfectionla%d addition of chloride (free) ar its CUmpUUhd:ih
water is tgrmed'as chlorination, Chloride of lime oz bleaching

) powder or ‘hypochloride of lime are tommercially available having

33 per tent of free available chlorine when fresh,

Sodium hypa=

chloride has 15 per cent available<chlcrine.
(2) Ozone:

Ozorne (03) is sometimes, used as a disinfectanf. Passage
of electric spark through air will cause triatomic oxygen termer
as 0zone has the third atom loosely bound, It has the capability
of readily splitting up into oxygen molecule and nascerit oxygen,
Releasing ozore in water will disinfect it and will reduce the
organic matter present in it through the action of nascent

oxygen,

(3) Lime:

Use of lime in softening water showéd-iﬁcidentally that )

requisite guantity of lime would also disinfect. Experiment

has sﬁown-that addition of lime%inapqlluted waters to absdorh

E02 has also reduced coloform5'99f6ﬂﬁpﬁr.cent is 5 hrss

(4) Ultraviolet Light;:

Ultraviolet invisibls rayé are very effective in killing

all types of bacteria and gpores. The process of disinfactdﬂ§

g
e
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is costlier than chlorination but produce no taste and odour,
Ultravoilet Tays are not effective for turbid and coloureo

water exceeding 15 mg/1l.

(5) Heat:

Heat =lons s an excellent disinfectant. But heated water
cannot be supplied to the public, rather instruction can only

be given to use heatad water,

2.3.3 Theoriz

The primary purpose of addition of chlurine to water is
%0 destroy bacteria and other microorganism, In early period of
chlorination of water, the hypothesis, generally held was thag
the chlorine reacts directly with water to produce nascent

11
_oxygen™ T,

This nascent oxygen has ecertain bactericidal effect by its actinn
on the cells, This theory has been found fallacious in as much

as it has been demonstrated that the batericidal effect is noi
propartional to the concentration of mascent oxygen. The belief
generally acéepted is that the cell wall structure and the cell
cantents contain protein and'amihd groups with which the chlprine
reacts, This action alters the chemical characteristics of cell
contents and destroys life and may'céﬁse disinfection of cell

structuresl’ll

+ 5Some recent works by Green and Stumpf9 indicates
that the primary reaction is one Betweeh chlérine anrd a certain

engyme,. essential for the becteriéﬁireﬁEbﬁﬁﬁfion. It was found
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that once the power of glucose oxydization by the bacterial ckl1
is lost, the bacterial cell die and hacteria once 1inactivited

by chlorine cannot be reactivaeted,

In absence of organic matter capable of oxydation or chio—_
rination the germicidsl recaction proceeds more rapidly with the
increase ain HT ccncentration, that is, with more undissociated
hypochlorous acid. Specific Teaction possibly with amine end
chains which characterize protein moleculé takes place. On the
other hand, presence of Oxydizable organic matter reduces
chlorine concentrationrto the detriment of the germicidal rea-
ction, The both oxidization and germicidial reactions are
speeded up in more acid and retarded in alkaline wster. At pH

10 disinfection reaction slmost ceases,

I

2.3.4 Chemical Reactions:

when elementary chlorine is dessolved in water it react

in the followihg way .
C12 + HZU = HGC1 +.HCl

It is 2 reversible reaction free acids, HOC1l, HC1 further
dissociates,

HC1 == #* 4 1

_ ot ~

HOC1 = H” + oC1
Hypochlorous acid is & weak acid and its dissociation is

controlled by the pH of water,

Chlorine compound, Ea(DCl)2 or Na0Cl dissociates with the

formation of nypochlerous ion.
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Ca(OCl), ==  ca** 4 2002

NaOCL = Na

The above reactions are dependent on the pH of water. At lower
pH {below 3.0}, the chlorine present as molecular chlaorine at
PH 5.0 to 6.0, the chlorine exist almost entirely as hypochlo-

rous acid and zhave pPH 6.0, hypochlorous ions are present and

predaminate above pH 7.5,

Lo

2.3,5 Chlerine Demand and Residual Chlarine:

Chlorine demand is defined aé "the differences batween
the amount of chlorine added to water and the amount of chlorire
(free available and combined available) remaining at the end
of a specific contact period"ll. ~#nd the chlorines remain at the
end of a specific contact pericd.is knawn as chlorine residual,
In the Fig, 2.2 a hypothetical time concentration curve of the
chlorine demand ten minutes after the application af initial

dose, the residual chilorine is measured.
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The loss indicates 10 minutes demand. As tHe chlorine ~oncent.a-
«.on and speed of disinfection are lingarly related, the nrdi-

rete of the curve could represent actual speed of disinfection

cather-than the soncentration, then the aree of this cCurve

vould represent the total disiﬁ?ection.

2,3.6 5vailable Chlorine:

The chlorine éxisting in water as hypochlorous acid,

hyvpochlorite ion =nd molecular chlorine is defined as free

. .2 . . . .
avallable chlorinz®. Chlorine is very active eslement., When it
1s added in water as freec chlorine, it will combine with organic
and in-organic matter and oxidize somez organic and inorganic
compourids. Free available C12 reacts with substances such as
phenol and amonia to form chlorine-substitution or chlorinated

products, chlorophenol, chloromines,

E6H6 OH + C;z = C6HSDH Cl'+ HC1

NH3 + C12 =lNH2El + HC1

NHZCl + El2 = NHEl2 + HCL:

NHEl2 + C12 = Nél + HCY ;

3 7 p

The chloramines arc less'agtive than hypochlorous acid, hence
the formation chlorinated products reduces the activity consi-
derably. Available free chlorine also reacts with organic
compounds containing Nitrogen (such &% protein, and amino acid)
to form chlorine derivatives, .The chioramine and chlerine
derivatives have a lower oxidizing potential than that of free

availlablis chlorins but the chlorine combined in these forms are
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still available for chemiecal reactions. That chlorine 2xistiry
in water in chemicsl combination with ammonia; or orgarin

nitrogen compounds is defined as combined available chlorine,

2.3.7 Break Point Chlorination:

'*: TBE treak point chlerination means the chiofination of
water to the extent that chlorine combination tastes and odours
have been avoided, and other tastes zand odours due to other
substzncas which can be oxidized by chlorine have been elimi-
nated, and that the chlorine available for further disinfection

is free available chlorine,
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Figs: 2.3 The Chlorine Break Point.

In the Fig. 2.3 the turve CDEF is the residual chlorine
curve and 0A is the no demsnd curve. The difference of the
curves is chlorine demand. Nafufal wétér may contain substan-
ces, those of phenolic or amino ngtur% whieh cdnéume chlorine,

~ R .

and may start at [ inmstzad of point U sthing an initial demand.
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wWith the addition of chlorine, chloramine and chlorine deriva
tives concentrztion increases showing a peak residuzl at DN,
With the further applicatioﬁ of chlorine the reactions are
completed and the =nd products do not react with orthotolidine
ta éhow residuzl chlorine, thus residual chlorine decreases
with the application aof more chlorine until the break point E
is reached when the chlorine applied remains as free residual
and tHe curve show an increase in residual gaining the slope
of the no demand curve 0A. The residual chlorime curve shows

a minimum at E wheré the chloramine and free reciduzl are in
€qual proportion. Tha chlorine for break point chiorination is

to be applied slightly above the break point E,

2.3.8 Factors Affecting_DisinFectiqﬂ:
The efficiency of disinfection depend Dn2

(1) The nature and concentration of organism in water

to be destroyed.
(2) The nature and amount of disinfecting agent
(3) The characteristics of water
{4) pH and temperature of watef

(5) The time of Loncentration.

2.4 CONCLUSIONS

Turbidity and colour are the ‘most important parameters

for water qualify prediction and dits importance in the water
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treatment processes is vitzl, Works of different investigators
presentaed the fundamental mechanism aof coagulatior-<sedimentation
: o : . i5,17,18
for the removal of colour and turbidity. Studies of camp
show the effect of agitation and velocity gradient upon flae
formation. Kalinskecl and BDnd2U investigated the influence of
various parametirs upon floccutior and settling characteristics
of alum and lime flocs, Markleld, Yerachmiel5 and other ipves-

23,24

tigators workaed on floc formation in turbid waters. The

preceding investigators considered coagulation sedimentation
arprerequisite for rapid filtratimn, net the only rrocess of
treatment in water clarification. Hence, a quantitative rela-
tionship between the coagulant dosage and turbidity of raw
witer has not yet been develmpéd. A typical correlation betveen

caagulant requirement dnd colloidal colour concentration is

proposed by Gehml which also for general practical use awaits

the accumulation of sufficient basic data.
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CHAPTER 3

EXPERIMENTAL APFAACH

3.1 SAMPLING.

The proper calléction_of sﬁﬁples of water for analysis
ts of great impor%ance because of tﬁe danger of contamination
ét:ths time bf_sampling. However, sampling for ordinary chemical
analysis :equire no other prebaution tﬁan collection in a clear
glass contziner of good quality having glass stopper. Samples

for bacterial analysis must be collected in « sterilized bottle

with stoper. . X

bamples of water collected from different scurces fairly
represent the body of the water from.which they were collecter
The sample were collected from a considerable distance away from
the bank, neither from the surface nor from the bottom, W;ile
collecting water in the sempling bottle, the open botfle was
plunged beneath the surface of water, having the neck downward.
The bottle was then.moved with proper care so that no water
enters inside that had been in contact with hands. The samole
collectad were at once transported to the leboratory and almosi
all the physical and chemical properties were de£éfﬁined. -
Possible cfforts were made to minimize‘the time between.collec;
tion and analysis, so that re significant change in water guali-

ties occur., The samples were aiénrképt'refrigerated in case of

any delay in the laboratory analysis.
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3.2 PARAMETERS CQOMSIDERED

Water treatment consist of two subsequent operaticns
(1} Water clarification
(2) Water disinfection

water clarification is the removal of turbidity; colour and
other suspendsd matfer. These are ﬁot dangerous characteristics
of water but objectiocnable from the sfand—point of éppearance.
Aesthetically, turbid and colcoured waterlis not acceptable to
the consumers, rather it is repulsive. If the water is highly
turbid, pathoganic and other microorganism some times may be
ensased 1in turbid waterslo. The International Standard for
Drinking Water Supplies (Taeble 1.3) limits the maximum perm--—

ssible turbidity and colour to 10 mg/l and 20 mg/l respectively,

Disinfection means killing af pathogenic microorganisms
which are the impurities ot greatest importance in surface
watzsrs to be used for public water supplies. Most common diceases
are caused by pathogenic microorganisms present in contéminated
water (Tablé 1.1). Both present and past literature aSDunds with
the-hi%ﬁory of waterbarne epidemics saround the world caused by

’ 23,25

polluted water In Bangladesh, water hornc epidemics have

their regular seasonal occurances throughout the years, To make
- .
water fit for domestic uses, removal or killing of microorganisms

is highly desirable. The WHO International Standards for Drinking

Water Supplies stresses on the complete removal of pathogenic

microorganisms.
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3.3 EXPERIMENTAL APPARATUS: | '

Mixing and flocculation are the important operations in
the coagulation sedimentation process. Mixing and flocculation
are done by stirring the sample of water with coagulants. Twe
methods stirring studied are (1) stirring by revblving paddles

(Jar Test Apparatus), (2) Air Agitation,

(1) Jar Test Apparatus:

The =pparatus consist of six metatic paddles each 4" long
znd %ﬁ wide attached to a vertical rod. a rotating velocity is
transferred to the vertical rods by a horizontal shaft through
gear system. The horizontal shaft is rotated by a electric motor.
The speed of the motor, =nd consequently the speed of the pa-.ie
can be controlled by an adjustable switch. There is a speed
iﬁaicator attached on the body of the apparatus (Fig. 3.1). By

careful adjustment, a constant speed can be maintained'throughout

the time of mixing and floeculation.

(2) Aeration Apparatus:

In thé laboratory, a-suitaﬁla déﬁice for agitation of
watzr by air was not availahle, Agitatimn is commonly provided .
by indgbing air inside the water samples. The rising velocity
of the air bubbles creates sufficient agitation in water for
the formation of flocs, The air bubble also Dxidi%elthe impuri-

ties and can increase the dissolved Oxygen concentration in

water., An apparatus for this purpose has been designed and




Fig.3.2 Aoration Apparatus,
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.

Ll

fabricated in .the Glass Blowing Laboratory of Bahgladesh-Achic
Energy Centre, Dacca. The simple ahoéiatus consist of a glass

an
i}

rod in diameter and 30" 1lcdng to receivé the main supply af

air from an air compressor through rubber tube (Fig.3.2).

The air is then distributed to the seéqndary tubés;-%“ in
diameter and 10" Llong, eachlbranched perpendiqqla:ly’fromithe
main tube. The ends of each branch tubes has been shaped like
nozzles of equal opénings for the Equitabié distribution of
air in =ach sample. The branch tubes can be adjusted to_reiease
air at any desirasble depth in the sample by raising and loweriné
the supports of the main tube. The supply of air may, however,
be controlled either by diSchargihg air in the atmosphere thro-
ugh one or two branch tubés, or by controlling the release
valve of the air comprasscr.

1

3.4 METHODOLOGY

Water sample were collected from varicus surface water
sources in and around Dacca City and routine laboratory analy-
.sis were performed according to the Standard Method26 to deter-~
mine water quality of the sources.The quality of water is deter-
mined by parametszrs, grouped into three classes; physical,
chemical and Bacteriological. Temperature, colour, turbidity;,
dissolved solids and total solids from the physical qualities,
carbon diAXide,;fEidity, alkalindity, DO, BDD-frDm the chemical
qualities werse defErmined. Bacéeriloqical quantities include

all fypes of bacteris. Turbidity was determined with the Hellige

turbidimeter {(Fig. 3.3} at the time of collection and after .

two hours of plzin sedimentation, before:the coagulation




T .

Fig.3.3 Hellige Turbidimster.




47

sedimentation was started. Hellige colour comparator was use«d

to determine ths colour of raw water. The turbidimeter used

for water,‘analysis was found to be satisfactory. A minimun
concentratimn‘of 0.1 mg/l can be read precisely. Tylors slide
comparator (Fig. 3.4) was used to determins concentration of
chlorine in water by orthotolidine test. At the time of sampling
Hellige pocket pH meter was used to know the pH of the water
approximately. In the laboratory an automati: pH meter (Fig.3.5)

was available to determine pH with "higher degree aof accurary.

The other tests for chemical qualities were performed by
tritration methods. The chemicals were prepared as instructed
in the bLaboratory manual27 for chemical and bacteriolegical

Analysis of Water and Waste Water.

(1) Water Clarificaticn:

The primary clarification of water waarihitiated by the
rremoval of unstable or settleable turbid particles by plain
sedimentation of twb hours, The secondary clarification was
madeby the process of chemical coagulation. fhe selection of
cuagulént and the method of mixing for chemiéal coagulation
WETE cUnSidefed D% first order importance. A selective dose of -
AG mg/l of the available chemicals such as alum; ferrous sul-
phate,_éoda ash and lime were mixed with water in separate
jars and floﬁ formation was initiated by gentle stirring with
electricelly operated paddles (Jar Test Apparatus) and by eir
agitetion {Fig;3.l and 3.2)'aﬁd it waé-continuéd for 20 mihutés.

The same procedurc was followed for another three samples with




Fig.3.4 Tyler's Slide Comparator.

S LR Er*ROMas TSR "
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Fig.3.5 . Autemati€ pH Meter,
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25 mg/1l alum BAlZ(SDA)ﬂ]in'ea:H and 15 mg/l sodium carbonate

(NazEﬂa

(EaEDé

to settle for 24 hours and degres of clarification at different

), calcium hydroxide [Ea(DH)?] s and calcium carbanate

) in the respective samples. The flocs were then allowed

time intervals were determined with turbidimeter.

In the éécond stage of the teste, attempt was made to

deturmiﬁe the optimum mixing tim@ for the proper floc formati0q,
ror the test, & representative sample of Buriganga River water
was taken in 8 jars, and jar test was started with a speed of

40 rpm after the addition of 10 mg/l of alim t- esach of the
samples. The jars were taken out from the paddles at drd,5th,
10th, 15th, 20th, 25th, 30th and 35th minutes, and the flocs
were allowed to settle. Th2 turbidity of the samples‘inreack

jar were recorded at different time interval. The above experi-
ments were repeated with the coagulant dosas of 20, 309)40 and ;;
60 mg/L end the effect of cifferent mixing time, oﬁ various i

coagulant dosage were studiad,

-Te study the effect of turbidity and eolour conecentration
upon the consumptiom of alum stagé, 2 total of 14 samples wEEé
collected from different spurces - ths Huriganga River, Dharmondi
Lake, Ramna Lake and some pnnds having different concentration
of turbidity amd calour. The-coagulation and sedimentation of
the each samples were observed in the laboratory very carefully.
During the experiment the variation of other factors like vio=-
lence of agitétidn, pH, temperature, which influence éoagulatiaﬁ
were maintained within shorter range, The apparatus was cperated

at 40 rpm, the temperature range was 24.4°C to 26.9°C (Table 3.1)




and- variations of pH of the sample from the Burigangalﬁiver
were noted 7.3 to 7.6 with few exceptions having pH 8.5 and as
low a5 7.0 (Tablie 3.2). Fach of f%e samples was mixed and
flocculated for 20 minuteéuwith coagulant dosage of 10;20,30;
40 and 60 mg/l and residunl turbidity was recorded at various
time interval for 24 hours. The residusl colour was also recor-

ded after the ccaoplete sedimentation of the flocs,

(2) Disinfection:

Bleaching pﬁwder was used for the purpossz of disinfection
of water samples., As the solution with higher concentration of
chlorine is not stableza, a solution of 40 mg/l concentration
of chlorine was prepared with bleaching powder and standard.zed

according to the Standard Method? 0727,

A series of jars were arranged in a raw containing the
sample forbe chlorinated and to each of the jar, a calculated
amount of chlorine‘water was added to get a different coﬁcentram
tion of applied chlcrine. Water in esch of the jars was stirred
gently and a time of 10 minutes were allowed for the reactions.,
The residual chlorine in water of each of jars was determined

26,27

by orthotolidine test . As many as 33 readings for residual

chlorine were takern for a sample with a small imcrement of
applied chlorine at sach stage. At every stage of chlorinations,
the presence of higher forms of plants and =2nimals, were observecd
under the microscoﬁe.{Thé higher plants and animals are more

tolerant in chlorine water, hence its absence was assumed to

be criterian for the complete absaznce of bacteria,
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To Study the effect of watér clarification upon chlﬁrlne
demand, thz residual chlorine test as described garlier wé&
performed on raw water, and water treated and clarified with
20, 40, 60 and BC mg/l of alum. Fimally the residual chlorine

1n a distilled water pProduced in the laboratory was also deter=-

mined for the varicus dosage of applied chlorine,
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CHAPTER 4 >

EXPERIMENTAL RESULTS aND DISEUSSION

4.1 WATER QUALITIES

The Physical, chemical and bio-chemical qualities gf
Water sampleas TEpresenting different surface sources are listed
in_Tables 3,1 andr3.2 (Appendix—B). Almost all the samples
have £he parameters measuring water quality-within the permi-
: ssible limits of Internaticnal Standards far Water Source
{Table 1.1}, Only Ramna Lake water, at the time of collection
of the year, contained excessive decomposable Organic matter
showing higher BOD {8.20 ﬁg/l) which exceeds the Internationai

atandard (g, mg/l) for water Soburces. The other important

reduction by plain sedimentation (Table 3.1),

4.2" COAGULANTS AND MIXING METHGD

The results of coagulation—sedimentation, and aeration
sedimentation arg presenfed in'Tabies 4.1a and 4, 1b (appendix-B)
respecfively..The graphical Tepresentation of the results are
shown in Fig. 4.1. The flocs formed during coagulation by
mechanical mixing in Jar test were much better than thaose farmed
by air agitation., The flocs formed by air agitation may be
termed as micro-flocs which remain in the nascent state aof
formation without agglameration to form larger flocs and

obssrved to have Paor settling characteristics, Thigmay be due

i
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‘ -
2 » -
to the facts that the rising velocity DFvai§§Eubbles in water:
- +Aru

causes violent agitation, much higher than the optimum agitation
required for good floc formation. This violent agitation, wh lch
cannot be controlled by adjusfments, allows no scope for the
growth of larger flecs by adhesion of the sma.lsar flocs, rather
shears off the flocs to smalles. elementary.forms? EamplS, for
this reason, emphasised upon thz miximum limit of agitation?
beyond which shearing of flocs are observed. It is also noticed
that certasin micro-flocs fDrmea by air agitation alwéys remain
in suspension, a3 oart remains Fluating on the surfacze and other
settles with a poor setting velocity, which lead to corclude
that specific gravity of flocs formed by aeration was much less
than those formed by mechanical mixing. The comparative study

of the settling characteristics of the flo:s formed by two
methods can be observed in Fig. 4.1, Water clarification by

air agitation is; therefore, a delayed process, Hence to remove
the flocs formed by aeration and consequently to remove turbidityz
only sedimentation is not enough and subsequent filtration, as

practiced in the conventional method, is essential.

The settling characteristies of alum, Tﬁlz(SDd)éj and a
combination of alum and soda ash (Nazﬁﬂa),'alum and calcium .
hydroxide [Ea{DH)ZJ 3y 8lum and calcium carbonate (EaED3) were
almost similar making insignificant differencas throughout the
observed length of the settling period (Fig. 4.1). Any of them
can be recommended as a good coagulant. Ferrous sulphate was
found to be completely unswuitable for coagulation, rather it

imparts colour to water to such an ext%pt that requires additicnal
o M
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treatment for removal, The difficulty was admitted by Stee15¢

wha stated that "colour may be adversely affected" when ferrous
sulphate is uséd-as a coagulahtlFDr water treatment., An incoaase
of turbidity was scbserved initially (Fig.d.lf when water conta-

ining ferrous sulphate as coagulant was aeratsd and finally it

was reduced to certain extent after 24 hours sedimentation.
This may be due to-the oxidation of thé iron compounds by aera-
tion, D¥ the chemicals could contain certain oxides of iron,
which in water produced excess turbidity and colﬁur. The other
chemicals like NaEUag Ea(UH)E, EaCD3 alone in water did not

show satisTactory results,

4.3 MIXING AND FLOCCUTICN TIME:

Mixing and flocculation time have significant effect upon
the clarification of turbid waters, As the time of mixing incr-
eases the flocs becoms more dens: by expelling water and more
heavy by adsorption of turbid particles from water; anmd thus
the settling veleocity and the degree of clarification is
improved, Table 4.2 (Appendix-B) shows the efFect of mixing time
and coagulant dosa2ge upon the rate of Elarification of turbid
waters. Tables 4.,3a and Table 4.3b (Appendix-B) show the PET -
centage turbidity removal in 24 ‘hrs and 7 hrs detention time
resbectivaly of a sample of water, for various dosage of élum
and-flocculation time, As much as 95.6% of turbidity cam he
removed by only alum coagulstion., Fig. 4.3a and Fig. 4.3b are
the graphical representations of Tables 4.3a and 4.3b, which

indicate that the csurves gradually becomes Worizontal, that is,
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after a certain-mixing and ‘flocculation time, the removal of
turbidity was not =ffective. The degrez of clarificetion for
any mixing time is dependent upon tha_alum dosagw und detertion
time. The fact can be explained in the light of the attainment
cf the cquilibrium condition in the phenomenon of adéorptidn,
which states that for a sample of water, at a perti;ular temp=
grature, the concsntration of édsorbata in the adéorbing mediUﬁ

is @ function of its residual concentration in water, when it

co ce.lies .
reaches an equilibrium condition™ %=, i.e.;, more the adsorbing

substance (adsorhent) the less is the f;sidual cobncentration
of tdrbid particles in water.

The optimum time.of mixing i.e., the time at which the
curves {Figs. 4.3a and 4.3h) becomes horizontal, depends largéﬁ‘
tipon alum dosage and to certain extent, on the detentiison time
allowed, Ah exact demarkation of the dptiﬁum mixing time is
difficult; & broken lipfe is drawn tarough the mixing time of
optimum &dagilation, the graphical ;aprasentétioﬂ of which is
shdwn in Fig. 4.2 (Apderdix-B). It shows that the time of mixing
required for bptimum'coagu%ation ihncreases with the decrease
of coagulant dosage. It wes for the reason, that at lower quan=
tity of alum dosage, the floecs formed werc less, and the pro-
bability of random collision between-the"turbidity producing
particles and alum flocs were lowered, As é result, it took
more time to reach an equilibrium condition at which the flocs
were saturated and could take no tu;bid particles from watei.
However, a mixing time of 15 to ZS.Wi““t%S car be;c@ﬁsidered

sufficiscnt for the attainment of optimum coagulation,
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4.4 DETENTION TIME

The effezt of coagulztion on pH,.cnlour, and turbidity of
different samples of water were studied and tabulated in Table
4.4 to 4.17 (Appendix-B) and graphical representation were made
in Figs. 4.4 to 4,17 (Appendix-R), Turbidity removal for vari-
ous dosage of coagulants and specified sedimentation time of
1l hr., 2 hrs, 4 bhrs, and 24 hrs were taken from Fig. 4.4 to
4.17 and presented in Tables 4.18 to 4.31.{Appendix-B), Graphi-
cally, the three variable, residual turbidity, coagulant dosage
and detention time of Tables 4,18 to 4.3lrare shown in Fig.4.18
to 4,31 (Appendix-B);, which show that the curves representing
clarification in 2 hrs, 4 hrs, 8 hrs. and 24 hrs detention time
are closely spaced. This indicates that the gfficiency in
turbidity removal for detention time above 2 hrs is not signi-
ficant. On the other hand, the increasc in detention time, for
example, from 2 hrs to 4 hrs will reduce the total capacity
(daily rate) of a plant to half without noticeable impravemer :

of water quality.

4.5 COAGULANT UUGSAGE

The coagulant dosage reqguired for water treatment for
the removal of turbidity and colour depends upon the degree of
clarification desired and detention time, International Standard
for miximum allowable turbidity are 10 and 5 mg/l as recommended
by the USPHS and the WHO respecﬁively. THB coagulant dosage

required to reducc turbidity to permissible concentration.can

be directly read in Figs, 4.18 to 4,31 (Appendix~B). Ths coagulant

' .
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dosage required to reduce turbidity to S mg/l and 10 rg/l at
different detention time are presented in Tables 4.32 anc 4,33
(Appendix-B) respectively. The coagulant dosages are plottuc
against rew water turnhidity in Fig. 4.32a and 4.33a, and it is
observed that the points in the graphs.for water of the same
source lies on 2 smooth curve, This lead to the cenclusion that
there exists certain relstionship hetween the turbidity of raw
water collected from same source and coagulant dosage required
for the recommended degree of clarification. The points obtaine
for other water samples collected from Hamnsz Lare; Jhanmondi
Lake, and various ponds do not lie on‘the same curve, but other
correlation may be obtained with the samples collected from
each of the sources whiech necd extensive studies. It is evid nt
that the turbidity producing particles of each of the water
body, stangnant or running, may not be the same and its removsl

may not demand equal guantity of coagulants,

The correlation between turbidity of raw water and coagu-
lant dosage is obssrved to maintain z linear relationship in
semi-~log scales, having turbidity in the log scale (Fig.4.32b
and 4.33b}. The mathematical EXPEressions to correlate the
variabhles (Fig. 4.32b) for the reduction of turbidity to the

limiting concentration of 5 mg/l are as follows:

a = 29;5'10910 t-- 22,40 (for detention time of 24 hrs.)
a = 33,2 loglU t - 26.05.( " " o B hrs,)
a = 35.8 lc t - 27.05 (" " " 4 hrs,)
a 91p t

d

(4.1

(4.

{4.3;
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a 39.0 logkID t .- 2B.85 (for detention time of 2 bhrs), (4.4}

a

1

63.23 log .t - 46.45 ( " y tm ) heg,)  (4.5)

where a und t represent =ium dosage (mg/l) and turbidit;, (m3/1)

respectively .

Dther equations for the requi: mznts of 10 mg/l residual turbi-

dity as repwassented in Fig. 4.33b are calculated out as:

a = 24,1 ng‘D

Telk

- 28.36 (for detenfion time 24 hrs) {(4.6)

a = 25 5 logja E - 28.95 ( " " " g8 ") (4.7)
a = 27.4 log,, t - 30.80 ( ° " " 4 ") (4.8)
a = 31.6 log-4 t - 35.10 (" " " 2 ") {4.9)
a = 48.1 log, 5 -~ 52.04 (" " " 1 ")  (4.10)

The lines are gradually divergent.at higher turbidity ana meet
at a point in th=z =»egion of lower turbidity approximately 5,-1.8
in Fig. 4.32b and ot 10,-3.4 in Fig. 4.33b, those points corres-
pond to 5 mg/l 2nd 10 mg/1l raw-watar turbidity in the scale,

The graphs also show that a raw water turbidity of 6 mg /1 and

13 mg/l requires no coagulant £D reduce them to 5 and 10 mg /1
respectivaly., It indicates that only stirring is sufficient to
break the stability and reduce raw water'turbidity to a certair

extent without amy coagulant.

Similar correlations were found to exist betwean the raw

B e \\.

water colour amd cozgulant dosage. The reduction of colour by f{\
various dosage of coagulant are plotted in Fig. 4.34a for

Buriganga River water, from Tables 4.4 to 4.17 (Appendix-B). U




50 T T | 1 T T
BR- —
d Numbers on the curves indicate
o Sample Numbere, :
£40 |-
"
3
Q
l-* .
530 |
-t
o
=
o
s |
020 I~
2
10 |-
00 : 1 L | |- _ 1
00 10 20 30 40 50 . 60

*Alum Dosage, mg/l
FIG.4.34s REMOVAL OF COLOUR BY VARIDUS DUSAGE DF ALUM.

]

60 15 B
2 .
50 [

E
fog 20
o
"
240 | =
]
E
3
—t
<30 | .
| Numberes indicste maximum
20  permissibles residusl colour N
10 : I : 1 A al |
10 20 30 40 50 . 60 70

Colour, mg/i

FIG.4.,34b RELATIONSHIP BETWEEN COLOUR AND ALUH DOSAGE REQUIRED TO
REDUCE COLOUR TO THE MAXIMUM PERMISSIBLE CONCENTRATION.




65
From fig. 4.34a ths coegulant required to reduce colour to 23;15,
and 10 mg/l are tabulated in Table 4.34 (sppendix-B). The above
mentioned maximum permissible colour of 20, 15, and 1N ma /1
fér drinking water are recommended'by the USPHS, the WHO and
the EUROPEAN (WHO)} respectively. The Table 4.34 is represented
by graphs in Fig. 4.34b in ordinary scale and in Fig. 4.34c in
semi-log scale., The mathematical experessions relating the coa-
gulant dosage and colour of rawfwéter for the removal of colour ™
to the recommended residual concentration of 20; 15 and 10 mg/1

are gilven below:

. 71.00 (for residual colour of 20 ppm} (4 .1#)

.a = 63.75 loglo c -
9 = 7625 nglU E - T78.80 ( o 1"t " " 15 n (4_,2)
3 = 81.25 log,, ¢ - 65.50 ( " " " "o1g - { 5.)3)

where c stands. for raw waterjcolbur in mg&l.

It-is noticed that the corresponding curves in Fig. 4.34c
indicate, that 12-mg/l of coagulant is required even for 20,15
and 10 mg/1 of réw water colour, which mean thet upto 12 mg/l
of coagulant, thers is no effect upon the removal of colour, °

which can be termed as initial demand.

H.,w. G-'ﬂhml critically analysead the results of jar tasts
and data available from numbers of trestment plants and corre-
“lated the variables; raw water colour and alum dosage requiféd
to reduce it to 20 mg/l. The relationships are shown by browkén'
lines in Fig. 3.34%c. It is observad that the curves relating

colour znd alum dosage.of Buriganga River water have steeper

slopeg, but the nature of the curves are same. with those obtained

by Gehm,
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A graduzl dzcrease of pH in water was observed with the
increase of alum dosage. This was due #o the presence of C02
which was produced by the éhemical reaction of alum with rotu-
ral alkalinity (Ean. 2.10) in water. Morsover, alum itself is
acidic in nature. The pH of natural water was found to vary
from 7.0 to B.5. The reduction of pH by 60 mg/l of alum was
0.5, in average showing a maximum reduction as much as 0.9,
Alum coagulation may lower the pH of water below 7.0 which is
undesirable in drinking water. To avoid this; artificial alka-
linity in the form of soda ash or lime may Se added which do
nmot affect the flocculation advarsely rather nelps in-good

floc formation (Fig. 4.1).

4.6 CHLORINATION

To sfudy the effecfvof coagulation upon the disinfectian
by chlorination, some samples with different degrees of clari-
fication by alum coagulation were chlorinated. The chlarine
applied and the residual chlorine for each sample were deter-
miﬁed and the results are arranged in Table 4.35(/ppendix-B).
At each stage of chlorination, the microseepic examination of
the sample was made. It was noticed that thers was a complete .
basence of microorganisms, sligbhtly earlier than the break
point chlorimetion was reached. The saﬁples of water ﬁoagulated
with higher coagulant dosage was alsao fouad to be almost free
from living microorganisms, However, break point chlarinétion

was found sufficient for the complete removal of microorganisms.
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In the procéss of chlorination; the break point chlorination
occured at different dosage of chlorine applicafion to wa+tor.
The maximum chlerine waé required for raw water and minimum
for water treated with highest dosage of alun (Figs. 4.35a to
4.35¢ in fippendix-B). tven in distilled water a‘slight amount
(B.05 mg/1) of chlorine demand was observed. Ideally, the
residual chlorine curve for distilled water should concide
with no demand curve & {(Fig. 4,35f hppendix~B). The chlorine
applied and the chlorine demand for braak pPnint cinlorination
waé rélated to the coagulant dosage with which water was
treated by curves in Fig. 4.36., The curves show the rate at
which the use of chldrine for disinfection can he reduced w'+h

the increase of alum dosage for the treatment of surface waters.
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CHAPTER 23

CONELUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS B

"After careful interpret-lions and critical examinations

0of the experimernt=zl results tae following ccnclusicons are

drawn:

(1)

(2)

Only alum cosgulation - found to be satisfactory

for tnc clarification of surface waters. Soda-ash

and lim: can be used in combination with alum to
impart nccessary alkalinity and for the adjustment
of pH which is reduced by alum coagulation to a

certair =xtent.

Mixing by paddles for floc %Drmation is found more
suitable than air agitation, Microflocs formed by
air agitation have delayed settling éHafacteristics,
the removal of which demaqgéiubsequant oper;tion
like filtration., Mixing a&éikiocculation time decrea -
se with the increass of coagulant dosage. A mixing

and flocculation time of 15 to 20 minutes is found

to be satisfactory. Detezntion time of 2 hrs is found

‘Lolcur and turﬁidity present in surface waters are

important -factors influencing the alum reguirement
for the cozgulation sedimentation process of water

clarification. The dosage bf alum required for the
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=

desired degree of clarification is correlated to the
concentraticns of colour and turbidity and represen-

ted by the general equation,

Yy = Kl nglD x - k2 ‘ (5.1)

in which y represents the dosage of alum in mg/l, x represents
turbidity or colour in mg/1, kl and'kz, stand for constants,
The equation is found to be valid “or water collected from

single source.

(4) Significant reduction of chlorine demand and chlorine

requirement are obszrved for break point chlorination of water
clarified by alum coagulation. The chlorine requirement decreases
+ with the increase of the quantiﬁy of alum used for ceagulatic

and the Qariables can be graphically «zorrelated,

5.2 RECOMMENDATION FOR FURTHER STUDIES

The correlations derived in the %nvestigatio; between
the alum dosage &and turbidity,'al;m dosage and colour were
found valid for single source only. These do not represent
the generalized picture of multiple sources. Moreover maximum
available turbidity and colour of the Buriganga River water
during the periqd of study were 95 mg/1 and 70 mé/l reSpective%y.
After two hours plein sedimentation theée were reduced respec= |
tively to 85 mg/1l and 65 mg/l. 4 higher turbidity may occur

in the other seasons of the year and the validity of the




T2

relatiDnShips-develeed require further study with higher
cgﬁceﬁtratibﬁs—of turbidity ahdicolour;,EFfeqt of pH, temcera-
tuzg,”élkéiiﬁity and other related water quality parameters

on fhg coagulation sedimentation may bz studiad further to
justify-the validity of tiie relationships when the water quality

of the river changes significantly.

The‘gradual effect of chlorination on microorganisms
was not studied. In the process of disinfection by bleaching
powder the absence of higher plants amd animals in the micré-
scbpic view was considered a criterian for the absence of all
type of small plants like bect:ria. This may not be always
true. Hence, the desth rate of the microorganismsAwith the
increase of chlorine concenfratinn in surface waters reqﬁires
continuous-total plate counts and coliform counts, and éxten-

sive study of this nature is recommended.
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TABLE 3.1 WATER QUALITY (Physical)

Sampié Locatdio:.n |Date of Temperature'Tbrbidity(hgll) Colour (50lid Contents(mg/1)
Na., ] - 1€ollection] V¢ f F Initial Zhrs.detn] (mg/Q | D.5.]/5.5. 1 T.5.

BR-1 | Buriganga River | 17.10.73 26.6 | 80.0] 40 30 | 25 | 200150 | 3s0
BR-2. Buriganga River | 29,03.73 {27.2 | s1.0| 26 | 20 20 | 220 J100 | 320
H'EE;3- Bu%ibanga River 13.04.73 125.5 - 78.0° BY7 ? €5 ' 56 . ?40.:2a0 480
'”hnfalﬁ'ﬁﬁiigangaﬂniue; 04,04.73 {25.3 | 77.51{ 47 ‘52 35 | 270 |220 | 490
:fBRf5 ‘Burigenga Rive;- 20.04.73 24,4 | 76.0] 58 | a5 | 3o | 320 [1x5 | 435

I BR-6 |Burigenga River | 12,0072 {27.2 | s1.0] 97 | a5 65 ? 300 230;ffﬁsao?é.f
"é.nkfi | Dhanmondi Lake *.lz_la.mar,as;g-i 80.5| 58 4 30 {200 100" ﬁn@A
D2 'ﬁnhahmanﬁi Lake $'30;03.74,;23;6;* 4.5 24 1 20 55 | 300 {110 | 419
5P-1 |Stagnant Pond | 15.10.73 |24.4 | 76.0] 38 { 32 35 | 280 {150 | 430

} SP-2 |Stagnant Pand | 16.10.73 [26.6 | 80.0| 25 25 | 30 |260'{120 | 3s0.
fﬁpfa fsxagﬁant;Pond- 28.03.74 }25.0 | 1700 22 | 20 ] 25 |300|100 | 400 -
?ﬁ?spfa 15tagnant Pond | 18.10.74 |25.5 l78.0] a8 f 44 30 1'270_'206 :i-¢70;

| RL<1  [Ramna Lake 31.83.73 [26.1 { 79.0| 48 45 | 50 {280 |180. | 460

- | Rt-2  {Ramna Lzke 22.03.74 [25.0 | 77.0{ 95 95 100 | 300 |150 | 450




79
TABLE 3.2 WATER QUALITY (Chemical and Bio-chemical)
Somple [K1kalinity(ng/1) | Acidity |Carhon pH  |Dissolved |BOD
No. | Fhénop. : Total | (mg/1 ditj(‘f)"'(_ide(mg_/l. . Oxygen(mg/1) (mg/_'!:
BR=1 .| 66 | 48 10 6 7.4 7.50  |0.60!
BR-2 | 00 50 10 5 7.3 6.50 I1.20
BR-3 00 | 170 15 9 | 7.6 6.50 |1.40,
BR=4 | 00 | 120 12 7 | 7.8 6.20 1o.60!
BR=5 | oo | 210 13 10 1 7.5 6.40 | 1.40
BR-6 | 00 | 170 12 : 7.6 .| 7.80_32.00
DL-1 | 00 | 168 22 | 16 7.0 6:00°.
DL-2;§ 0o 152 12 8 7.5 5.90 |3.10°
sp-1 W 00 | a6 12 7 | 7.80 6.20 3.6
5Pa2 0o 76 10 8 ] 7.6 6.40 1,20
Sp-3 ao 160 | 18 12 7;1_  5.80  |3.20]
5P-4 0o 116 310 12 7.4 5.40 128!
\ RL-1 as 150 10 2,5 -1 4.20, s.au?
RL-2 16 175 | oo | oo 8.5 .| 3.80 |e.xC,
. . - . !
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TABLE 4,1a FLOCCULATION SEDIMENTATION OF BURIGANGA RIVER WAT”R HY
STIRRING IN THL JAR TFLT APPARATUS,

Jar No.| 1 2 =~~-m§' T s 6 v
. . i ']F_"’_"f‘"_‘l
, Cuagulant Alum {Na CO, iFeSO, Ca(0H),!Alum INa.CO Alum|CaCO4 {Alum (C2(LH),
Tsag Gl = . ?.' —-_:3__._._._.*A_T___ 21, 2 3- 3 7
mg/l) 40 40} 40 1 40 | 25 15 | 25 | 15 25 15
| Hiﬂ + 8.0 14.5! 34.5 17.0 10.5 [ - 9.5 12.0
B m .. ‘ N ) ! . ot - .
a1 | s.0f 11.5) 32,5 13.0 6.5 6.0 8.0
G
ol 2 4.0 3.0{ 31.0] 11.0 4.0 4.0 4.5
~E
N = 1|
T E-l 4 3.8 8.2] 31.0f 9.0 3.5 3.2 4.1
-
rore 3.5 7.8 36.sl 9,0 |- 3.2 2.7 4.0
"B 5[20 3.0 7.0 3o.¢! 9.0 2.8 2.5 3.3
5%
FRR4 | 3.0 7.0 30.0] .9.0 2.5 2.5 2.0
~BH .71 8.2| 7.3] 8.3 7.9 .9 | 8.0
|Coleur |15.0| 20.0( 120.0| 20.c 15,0 12.5 12,5
N _ S S T PN . : —d

TABLE 4,30 FLOCCULATION SEDIMENTATION OF BURIGANGA RIVER WAT/.R BY
ATR AGITATICN.

Jar No.,| 1 2 3 4 5 6 7

 §Gagulant Alqm NazEDj FESDd Ea(DH)é Aluym Na2E03 Aluym CaED3 Alum {Ca(0h),
4| Dosage 40 | 40 40 | 40 25 | 15 15 | 25 | 25 15

{mg/1) . .

N ) [ -

W2l ¥ 17.5] 23.5 | s0.0! 22.0. 13,0 18.5 17.0

Q . ' 1 !

bl ] 13.06| 19.0 | sg.c| 8.0 14.5 14.0 14.5 ;

VIU‘.C r

I 10.0{ 15.5 | 44.0] 15.0 0.8 - 10.5 12.0

~ .

£ 4 7.7 2.0 37.0] 13.0 7.5 7.8 9.5

>c| | ‘ o

2ol 6 6.5 18.0 33.c{ 12.04 6.0 : 6.5 B.5S

T N .

= €120 6.0/ 8.0 | 31.0f 11.0f 5.5 6.2 7.0

H 4 .

2 ®124 | 6.0{ 8.0.| 31.cf 11.c| 5.0 { 6.0 6.5

pH 6.1, B.6 8.0 8.6, 8.1 8.2 8.2

 Colour | 20.0] 20.0 |200.0] 26.0 15.0 15.0 15.0
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TAELE 4.3a PERCENTAGE TURBIDITY REMOVED IN 24 HOURS DETENTIUN TIME

FDH VARIDUJ ALUM po SAEE AND kLHCEULATIFJ TII‘VIE )
- e : ' - 1

_ Flocculatlon 3 5 :-=lD' 15 20 25 30 | 35
Alum  [Time(min,) R R . _ T |
Dosage-{Initial 1 Tam. 1 -2 ;) e

(mg/lnfu;bldlty {45 . QS 45 45 ‘ 3-15 --‘45 45-~i 43
—— s SR —
Residual . ; . T q i
Tosbidity | 14.0013.0| 10.5 |~ 9.5 8.5! 8.0 B.DI 7.8
- o i
g [FResidual ) oo nlosa | oo el 17,7 [17.7 1 17,3
Turbldlty : : . . | .
BTurbidity 69.8|71.0 | 76.6 | 78.9 | 81.1| 82.3 ! 82.3 (827
Eemoved B I 7 T ) S o7 . |
Residual . : . - L
Tazbidity 10.5| 9.2 7.5 6.5 6.5 6.2 | €.7 6.0 |
[y X ) : I !
20 |#Residual 23.4120.4 1 16,7 | 14.4 | 14,2 13.8 | 13.8 | 13.3
Turbidity
y - 7 |
ATurbidity 76.6{79.6 | 83.3 | B5.5 | 05.8| 86.2 | 86.2 | 87,7
Removed ] :
Residual - A
Torbidity 8.5/ 7.01 5.0 4.5 a.8i a.0| 3.8 3,
- %Residual N B . ‘ ‘
0 ety 18.9115,5 ] 11.1 | 17,9 8.91 8.9 | 8.5 8.5
ATurbidity B1.1184.5!86.9 | 90.0 | 91.1191.1{91.5 a1 s
Removed _ . i
Residual 2 8l 4 e | - ) }
Tuehidity 7.8] 4.5 3.5 3.0 3.0 3.0! 2.8 2.5 |
- %Residual : ' :

\ 46 Toenidity i5.5!10.0 7.8 6.7 6.7 6.7 6.2 ¢.2
{Blurbidity 84.5190.0192.2 | 93.3 |93,3(93.3 !93.8 |93.4
Aﬂemoved B : . ! .
[Residual ; ,: : , _

Tasbidity | 6.0] 3.6, 2.2 2.1 2.0 2.0 2.0! 2.0
o . . N . X

go |7~Residual 113.3] 7.8 4.9 4.7 4.4 1 4.4 4.4 1 4.4
Turbidity : _
ATurbidity 86,7[92.2195.1 | 95.3 | 95.¢ 95.6 | 95.¢6 | 95.¢"
:Remqved T _ 7 -
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TABLE é;ﬁb PERCENTAGE TURBIDITY REMDVED IN 2 HOURS DETENT I0N T IME
FOR VARIOUS-ALUM TOSAGE SND FLOCCULATION TIME. -

Alum |flocculation !3 s 1o 15l las o EE —1
Dosage Time(min) ‘ - [ ; , R —
(mg/1} Initial {45 45  |ay i5 . |as | a5 P a5 i5
e Turbidity ; * | ; i ) :
Residua. 26,5 23,0 ]18.0 | 14.0 12,5 :11.5 | 11.0} 10.8
Turbidity _ ] ,
‘ . ’ Pl
10 (PResidual 59.G | 51.0 |40.0 | z1.2 | 27.8 {25.6 | 24.5 | 24.0
Turbidity : 1=
o s s :
PTUTBIAItY 4101 49.0 [ 60.0 | 68.8 | 72.2 | 74.2 | 75.5 | 76.0
Remaved
Residual . - '
Turbidity 19.5 1 17.0 ' 11.0 9.0 8.0 | T8} 7.8 7.5{
I : ' . . |
20 |FResidual 43.2137.8 {24.5 | 20.0 |17.8]17.3|16.9 | 14,71
Rurbidity - I
ATuzbidity | oo ol eo 217571 a0 [82.2 | 82.7 B3.1|83.3:
Removed . L . i
Residual ! j
)
Tosbidity 15.5 | 12 7.5 6.2 5.81 5.5| 5.3 5 D[
AP L
3p |PResidual 34.4 ;27,6 116.7 | 13.8 {12.9|12.2 | 11:8 11_!J
Turbidity i
|
‘-J[' . » i
plurbidity | g5 6| 72,4 183.3 | 66.2 |87.1087.8 | 80.21c3.91
Removed . i
Residual . : A ‘
Toghidity 13.0! 8.5 4.5 4.0 3.50 3.0 3.0 3.0
i
%“Residual o _
0 leidic 28.8 | 18.9 | 10.0 5.9 7.8 6.71 6.7 6.7
BTurbidity 71.2 la1.1 1 90 . ‘ 8
Remaved ¥ L300 5.1 1 92,2 193.3 /93,3 (93,3
4 . ] ]
Residual - §
Tushidity 16.5 | G.u[ 3.0 2.5 2.5] 2.2 2.0 2.0
;
“Residual . '
60 Turbidity 23 3.3 0 6.7 5.5 | 5.5 .4.91 4.4 4.4
%Turbidity |, . | o R L
pooTBle 76.56 195.7 93.3 | 94,5 |94.5]95.195.6  95.6
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TABLE 4.4 RATE, OF CLAKIFICATION OF SAMPLE NO. BR-1 BY COAGULAT ION
| SEDIMENTATION WITH VARIOUS ALUM DOSAGE. |

- i — . : —
Jdar No. 1 2 3. 4 5 6
Alum Dosage 10 20 30 40 60
(mg/1) SR -
| 24,0 21.0 18.0 15.0 11.5
@) : .
s - + 17.0 14.0 12.5 10.0 B.U
FERN [ .
4 H :
ool 13 11.0 7.0 5.0 3.8 3.2
—~ O
a3 10.0 6.3 4.3 3.8 3.1
E —
>c| 6 10.0 6.0 4.3 3.6 3.0
xa
BE B 9.5 §.8 4.2 3.5 3.0
n o
5%l 25 9.3 5.5 4.0 3.1 3.0
=0 )
pH 7.2 7.0 6.9 6.7 6.5
.Colour 20 20 15 12.5 7.0

TABLE 4.5 RATE OF CLARIFICATION OF SAMPLE NO. BR-2 BY COAGULATION

SEDIMENTATICGN WITH VARIOUS ALUM DOSAGE.

Jar Na, 1 2 K| 4 5 &
A Llum Dosage :
(ma/1) 5 10 20 g 40 60
- + 16.5 11.5 10.0 9.0 8.3 7.5
o o—
Lai t 15.0 9.0 7.0 6.5 6.0 4.5
P
~= 1} 1% 13.0 7.3 5.5 5.0 4.6 3.2
~ D -
~E. ] . '
e 3 11.5 7.3 5.2 4.3 4.2 2.5
25l 8 5.0 7.3 4.5 4.0 3.6 2.3
| -
o +» - . ' '
Ac] 8 8.5 7.3 4.5 4.0 3.2 2.3
o o .
H 4+ o ’ ‘
20123 7.8 7.3 4.0 3.6 3.0 2.0
pH 7.5 | 7.5 7.4 7.3 71 7.0
Colour 20 | 15 13, "12.5% [ 1050 7.5
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TABLE 4.6 RATE OF CLARIFICATION OF SAMPLE NO. BR<3 BY COAGULATION
SEDIMENTATION WITH VARIOUS ALUM DOSAGE.. '

[mdar No. 1 2 B I EE SN P 5 5
| Alum Dosag 10 N 20 30 .1 an 60
o {mg/1) . S PR : o _
s 42.0 27.0 | 22.0 18.0 | 15.0 !
I ' R R S !
e e it 33.0 210 '17.0 13.0 10.0
b oo " |
T !
bl | 21.5 16.0 12.0 9.0 6.5
\.E
g0 1 21 13.5 11.0 7.0 4.5 3.0
= '
Z6 4 12.0 9.5 6.1 4.3 2.6
o e ' i
oG8 10.5 8.5 6.0 35 2.5
[
e f22 5.0 8.4 5.5 3.2 2.2 |
pH | 7.8 7.6 7.5 7.4 7.2
| Colour 35 30 25 17.5 12 5 |

TABLE 4.7 RATE OF CLARIFICATION OF SAMPLE NO., BR-4 BY EDAGULA-TID!
SEDIMENTATION WITH VARIOUS ALUM DOSAGE.

Jar No. N 3 .4 5 -6
Alum Dosage ' . |

(ma/1) 10 20 30 40 1 60

tfw .

Q - .
ARl B 33.0 26.0 20.0 14.0 10.0U
+ 0’ . : .
e 1 . 23.0 16.5 12.5 B.0 5.5
TE| 2 1 14.5 9.5 6.0 5.1 3.5
md .

E +—

<. 3 13,0 B.3 5.5 4.0 3.0
281 6 i 11.5 8.5 5,2 3.6 3.0
- C _ . , ' .

0 o ) ' :

el B | "11.0 8.0 5.0 3.0 2.5
C o o o ) i o L

25 4 - | 1.0 4 78.0 | 5,0 |- 3.0 2.5
" A B O |~ 7.6 7.5 ] 73 | 6.9
Colour | . B ?“EG‘Hm-E'ﬂ25..m” :“_2D iu;“ 15 210
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BR=5 BY COAGULATION

StDIMtNTATIGN WITH UnHIUUS ALUM DUJNGE

lar No. 1 2 |3 4 5 .
| hium Dosage 10 20 30 40 60
e {mg /1) .
b 3 30.0 22.5 18.5 13.5 11.5

- o | % 23.0 16.5 17 4 9.0 7.5

{30

=1 18.0 12,5 9.0 6.2 4,5

20 2 14.0 9.0 6.2 4.0 2.5

> . R .

20 4 12.0 8.5 5.2 3.3 2.2

0o .

pA 8 10.5 7.5 5.0 3.2 2.2
R '
5 28 | 24 9.5 6.5 4.5 3.0 2.1 !
[ * - . . i
i pH 8.0 8.0 7.8 7.7 7.5
| Colour 25.0 | 22.5 17.5 15.0 7.5 |

TABLE 4.9 RATE OF CLARIFICATION OF SAMPLE,

NO.BR-6 BY COAGULATION

. + SEDIMENTATION WITH VARIOUS ALUM DOSAGE.
I Jar No. 1 2 3 4 5 6
17 -
(fioum Dosage -
" tng/1) 10 20 30 40 60
S+ - 35.0 23.4 18.5 14:5 11.5

o~

Se 1 27.0 17.0 12.5 9.0 7.0

4 K

o - i - .

~ 2 20.5 13.0 8.0 5.5 4.5 .
| 4 m

~ E
| o 4 17.0 11.3 7.0 4,5 4.0

D81 8 15,5 io.o 6.5 4.5 3.5

s

S
Pl 12 15.0 10.0 6.3 4.5 3.2

fi O

- 14,0 9.5 6.2 4.0 3.0
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TABLE 4.10 RATE OF CLART?TEKTIUN:DF SAMPLE NO. DL-1 BY CRAGULATIUN
M§EDIMENTAT10N:WI%H‘vAhiuﬂS ALUM- DOSAGE. b
Jar No. 1 2 3 hl@ 5 €
Alum Dosage ' S E CoETT
(ng /1) 10 20 30 40 | 60
- B s 19.0 | 16:5 12.5 11.0 9.0
© n % 14.0 | 12.0 9.9 7.0 6.0
v : .
— 1 11.0 | 10.0 6.5 4.5 3.5
~ E .
o .
Er 3 9.5 7.5 4.5 3.5 2.5
> C ’
a5 6 9.0 7.0 4.2 3.0 2.1
T+
=
oo B 8.0 6.0 3.6 2.5 2.0
5 - '
=2 | 20 8.0 6.0 3.6 2.5 2.0
pH 7.9 7.7 7.5 7.4 7.3
Colour 25.0 | 25.0 20.0 15.0 10.0
TABLE 4.11 RATE OF CLARIFICATION OF SAMPLE NO.DL-2 BY COAGULAT IQN

SCDIMENTATICN WITH VARTIOUS ALUM DOSAGE.

Jaz. No. 1 -] 2 3 4 5 6
Alum Dosage’ : _
(mas1) 10 20 30 40 “go'
G - '
.o + 13.0 | 11.5 9.5 8.5 7.5
o . .
i + 11.0 9.0 7.0 6.5 5.5
@ C
— it 9.5 7.0 6.0 5.0 4.6 ;
~ E |
-
E- 3 8.5 6.5 5.0 4.5 4.0
> C _
28 4 8.2 6.0 4,5 4.0 3.5
oo | 8 8.0 | 5.5 4.0 3.8 3.5
ST ;
J - i ) .
—0 | 23 8.0 5.0 4.0 3.8 3.2
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TABLE 4,12 RATE- OF CL#RIFICATION OF SAMPLE ND.SP-1 BY COAGULATION
"SEBIMENTATION WITH VARIOUS ALUM DOSAGE.

Jar No. 1 2. 3 4 5 6
Alum Dosage | oy ' '
2 . A
H‘E 1 27.5| 24.5 225 20.0 16.5
1)) .
oo ¥ 23.0 ] 20.0 18,0 15.0 11.0
T
- 1 18.5 | 14.5 12.5 9.5 6.5
TSE .
E 2 13.5 8.5 6.5 4,5 3.5
*c .
s 4 11.0 6:5 5.0 4.0 2.5
R :
AT 8 5.0 4.9 4.3 4.0 2.5
b
o | 20 7.5 5.5 4.5 4.0 2.5
pH 7.8 7.6 7.3 7.1 7.0
Colbur 25.0 25.0 20.0 15.0 12.5
TABLE 4.13 RATE OF CLARIFICATION OF SAMPLE NO. SP-2 BY COAGULATION
SEDIMENTATION WITH VARIOUS ALUM DOSAGE.
Jar No. 1 2 K| 4 5 6
Alum Dosage
(mg /1) 5 10 20 30 40 60
$4E 3 17.5 | 13.5 9.0 8.5 7.0 5.0
[13] .
P 1 14.6 | 11.0 © 7.0 6.0 4.5 3.0
m
o5 3 12.5 9.5 6.0 5.2 3.5 2.4
S5
El"‘" 5 lZ-D 9.[:] 6-0 5-0 34d 2.‘-2
>c
e 8 11.5 8.5 5.8 4.8 3.4 2.0
- +
25| 20 11.0 8.5 5.5 4.8 3.4 2.0
i ; ‘ :
3
~a | 24 11.0 8.4 5.5 4.8 3.4 2.0
pH 7.3 7.4 7.1 6.8 6.7 6.5
Colour 25.0 | 25.0 20.0 .. 200 10.0
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“ABLE -4.14 RATE OF CLARIFIC,. TIUN OF SAMPLE NO,SP~3 BY CDAGULATIDN
SEDIMENTATION WITH U RIDUS ALUM DOSAGE.

- ~ — | . ey —

. .Jar No. S 2 3 e d 5 & }
i

: Hluﬁ_Doéage L o .
. (mg/1) . T I L

1 16.G 15.4 14.0 12.5 | 1li.s%

L )T

=

Z

1 ~12.5 11.5 1.7 9.0 3.0

]
/

Detention Time(hrs

2 9.0 8.0 5.5 | 4.6 3.6

mg/l

ity

1

.
L
e
(&)}

20 5.5 4.5 | 4.0 | 3,

Turhi

pH 7.5 | 7.4 | 7.4 7.3 | 7.0

0

| Colour 20.

20.0 5.6 | 10,00 ] 7.

o,

TABLE 4.15 RATE OF CLARIFICATION OF SAMPLE N SP=4 BY EBAGULATIGN
SENMENTAFION WITH VARIOUS ALUM DESHGE.

Jar No. 1 2 ) g 5 6
l Alum Bosage a : ki ' - :
! L] /1) 10 20 30 S Yok 60
r . . _ ' N . . o N . N . '__ e e
' o I 34.0 20.0 25.5 [ 22,5 [ Z1.0
(; . ,
o ‘ :
i ¥ g 1 27.0 24,0 | 2.0 © L7.5 | 16.GC
s 2 : . e,
[2315 L | 7.5 | 13ve 2.5 9.7 | 8lp
| o - | R .
Ei- | 4 13.5 Il.oc | 9.0 6.5 5.0
P ; : a ;
C 13 6 12,0 10.2 8.0 650 4.8
i a L i o .
i 5 |8 11,8 | 10.00 | 7.5 | . 5.6 | 4.6
-4 N Do 3 <
j GJ - N ' ) - - N o .
! o 122 R ST S DR A A€10 ;. 5..5 R L
e — e L
| pH 8.0 | 8.0.{ - 8.0 8.0: 8.0
Vv 7;‘_ - f"“ 3 ‘:{ e . 5 . - s . l..-. - . . _
+ Celour . 29%0. 1 20.0 . 15,0 .} 15.0 S O
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TAELE 4,16 RATE UF LLARIFIE%TIUN af SAMPLE Nid, RL-1 BY COAGULATION
JEDIMtNTATIUN WITH Va RIDUS ALUM DUSAGE

““tigar Na. 1) 2 a0 | a4 .5 6 !
Alum Dosage 10 20 30 - 40 60 - T
{mg/1) ‘ :
%5 1 33.0 | 30.0 27.5 22.5 15.0
o
Lol 1 27.0 24.0 e 2707 15.0 10.0
4 K .
i g .
i B 20.5 17.5 | 14.0 7} 10.0 7.5
™~ E '
20 2 16.0 12,5 9.0 6.0 4.0
e
20 4 13.5 | 10.5 7.5 5.0 3.5
s '
a5 8 12.8 10.0 7.1 4.¢€ 3.5
H . 1 .
sl 24 12.0 i 9.8 7.0 4.6 3.5
pH 7.9 7.8 | 1.5 7.4 7.2
Colour 29.0 1 35.0 30.0 25.0 20.0

TABLE 4.17 RATE OF CLARIFICATION OF -SAMPLE NO.RL-2 BY COAGULAT ION
SEDIMENTATION WITH VARIOUS ALUM DOSAGE.

Jgat No. | 1 | 2 T 3 4 s g
Alum Dosage | . -
e | w 20 30 40 60 80 |
% T 65.0 60.0 55.0 | 38.0 A0.0 33.0
Ho—
§ é 14 48.0 44,0 42.0 34,0 28.0 20.0
@ :
~3| 4 31.0 27.0 24.0 19.0 13.0 11.0 -
~ E . )
271 6 26.0 | 24.0.] 20.0 15.0 12.0 1G.0
>c _ :
#0909 25.0 23.0 20.0 14.0 11.0 |. 10.0
o ' |-
=20 23.0 | 22.v | 18.0 14.0 ©10.0 10.0
H P
S 2124 23.0 22.0 | 17.0 4.0 (. 10.0 10.0
pH B.2 8.0 7.8 7.7 7.7 7.6
| Colour 75.0 60.0 50.0 “t 45,0 45.0 40.0
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(TABLE 4,18 EFFECT -OF. COAGULANT DOSAGE AND DETENT ION T IME
' UPON RESIDUAL TUREIDITY OF SAMPLE NO. BR=1,

TEDagulangr

Dosage {mg/l1) - {0‘. : J,%D 3 40 60

2 hrs. 10.5 | 6.5 4.8 3.8 3.5
4 hrs. 9.8 | 6.2 4.5 3.7 | 3.2

8 hre. | 9.5 | 5.8 4.2 | 3.3 | 3.1

24 hes. | 9.3 | 5.5 s | 3.1 | 3.8

Turbidity({mg/l)a‘tter

:Detention time o

TABLE 4.1Y EFFECT UF_E!ﬁGULHNT_DUﬁﬂGE;AN@MDETENTI!N~FEME
UPON RESIDUAL TURBIDITY OF SAMPLE NO. BR=2.

5 | 0§ 20 | 3@ | s | ev |

Coagulant
Vosage (mg/l)

g/lrafter

Detention tirms of

2 hrs. | 12.0

A hrs, | I0.O

f-
L

5y

8 hrs. 8.5

~ N - =
[
B > N,
=
iy
[xm]
W
N
™~
[

24 hrs. | 7.8

S
5
v
H
3
[
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TABLE 4.20 EFFECT OF COAGULANT DOSAGE AND DETENTION TIME
UPON RESIDUAL TURBIDITY OF SAMPLE ND. ﬁR-2,

1 -
Coagulant .
Dosage (mg/1) 10 20 30 40 | 60‘
o . . .
o 1 hr. 21,5 16.0 12,0 9.0 6.5
G- g .
oo 2 hrs. 15.0 11.3 7.5 5.0 3.5
Qo . | L | |
- 4 hrs. S 12.0 g.5 6.1 | 4.3 2.6
E
s 8 hrs, 10.5 8.5 6.0 3.6 2.6
-,—’-,—‘
iy 24 hrs. 3.0 B.4 5.5 3.2 2.2
0D
H 4
J m
[

TABLE 4.21 CEFECT OF COATULANT DDSAGE AND DETENTION TIME
UPON RESIDUAL TURBIDITY OF SAMPLE NO. BR-4.

Coagulant . ' T '

Dosage (mg/1) 10 20 30 40 60

H

o 1 hr. 23.0 16.5 12.5 8.0 5.5

T 0O -
[ 2 hrs. 14.5 9.5 6.0 . 4.5 . 3.5

o5

.

- E¥ 4 Rrs. 12.0 . BL.& 5.5 4.5 ©3.2
- C ) ) o )
bl 8 hrs. 11.5 8.5 . 5,2 3.6 3.0
T | .

Do 24 hrs. 11.0 . 8.0 5.0 3.0 2.5
H P i

J @

(=
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TABLE 4.22 EFFECT OF COAGULANT DOSAGE AND DETENTION TIME
UPON RESIDUAL TURBIDITY OF SAMPLE NO. BR-S,

"Toagulant ‘ I '

Doaage(mers1) 10 20 30 40 60
f“. .
bt 1 hr. 18.0 12.5 9.0 6.2 S 4.5
4 4 : S

a X

g 2 hrs. 14.0 9.0 6.2 4.0 .. 2.5
D
e
o 4 hrs. 12.0 8.5 5.2 3.3 2.2
5’% B hrs. 11.5 7.5. ‘ 5.0 .. 3,2 2,2
B , '
A C |24 hrs. 9.5 6.5 4.5 C3d.n 2.1
oo N
b _ '

TABLE 4.23 EFFECT oF CDhGULnNT NO0SAGE AND DETENTIDN TIME
UPDN RESIDUAL TURBIDITY OF SAMPLE NO,.. DR=6,

Coagulant ¥
Dosage(mes1) 10 20 30 40 60
@ )

42

“ o 1 hr.. 27.0 17.6 12.5 9.0 7.0
S e 2 hrs. | 20.5 13.0 8.0 5.5 4,5 .
i ' ,
<. 4 hrs.. | 17.0 11.0 7.0 5.1 4.0
+ 0 o

298 124 hrs, 14.0 ¢ 9.5 6.2 4.0 3.0
N C - .
Na ]

H 4

J 0

b
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TABLE‘4;24 EFFECT_DF COAGULANT DOSAGE ANTD DETENTION TIME
LPON RESIDUAL TURBIDITY OF SAMPLE NO. DL=1,

Coagqulant 10 20 | 30 AD 60
Dosage (mg/1l)
- , ,
QO ’ ) .
el 1 hr. 11.0 15.0 6.5 4.5 3.5
oo
- o 2 hrs. 9.5 8.0 5.0 1.6 S 2.5
~ E
‘oiH .
E® 4 hrs, 9.0 7.3 4,2 3.4 2.3
> C )
o 8 hrs. 8.5 6.3 3.6 3.0 ©1 2.1
Fwr 24 hrs- BSU 5.5 3‘5 2.“5 X 2-0
o
Jo
=] L
TABLE 4.25 EFFECT OF .COAGULANT DOSAGE AND BETENTION TIME
L'PON RESIDUAL TURBIDITY OF SAMPLE NO. DL=2.
oagulan ) : -
Dosage (mg/l}) | l? ;D f >0 _ - dDHA ',.so‘
4]
by 1 hr. 9.5 : B.0 | 6.02 5.2 4.2
4 G
@ 0 ) , ) . .
—~ 2 hrs. 8.8 6.6 5.5 4.7 3.8
~—
~ £ . . . L
4 4 hrs. 8.2 6.0 4.5 4,0 3.5
e g hrs. 8.0 5.5 4.0 3.8 3.8 .
=l )
o 4> 3 -
" C 24 hrs. 8.0 5.0 } 4.0 3.8 3.2
00 .
H+
3
£ -
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TABLE 4.26 EFFECT OF COAGULANT. DOSAGE AND DETENT ION TIME
UPON RESIDYAL TURBIDITY-OF. SAMPLE NO, 5F=1.

Coagulant- | : . 1 | i _

Dosage {mg/1) 10 20 _ 3D__ 40 ) §g
‘ ,

I 1 hr. 18.5 14.5 12.5 95 | 6.5
4 : .

18} . . ) _ .

EE%; 2 hrs, 13.5 8.5 6.5 4.5 3.5
2E 4 hrs, 11.0 6.5 5.0 4.0 2.5
|
o B hrs. 9.0 5.9 1 4.8 4 n 2.5
o .

39 : _
da | 24 hrs, 7.5 5.5 4.5 4.0 2.5
H .

Jn
= A 1
TABLE 4.27 EFFECT OF COAGULANT :0SAGE AND DETENTION TIME
UPGN RESIDUAL TURBIDITY OF SAMPLE NO. SP-2.
‘ “" \ i

Coagulant . ; R .

Dosage {mg/1) | ‘5 N _‘;D ?q ‘ 30__ 40 | _FD l
H ‘ | b ‘ l
© 1 hr. 14.0 | 11.0 | 7.0 6.0 4.5 3.0 i
4 4 ; | : 7 o I [
=9 2 hrs. [ 12.6 | 9.5 | 6.1 5.2 3.7] 2.4 .
~ m | i : |
E?E 4 hrs, | 12.3 | 9.0 . | 6.0 5.0 | 3.5 2.2

+ i i - . i :

515 8 hrs. | 11.5 | 8.5 | 5.9 |48 3.4 ; 2.0
AT R4 brs. | 110 | 8.5 | 5.8 | 4.8 | 3.4 2.0
o . k p 4 !

H | S
Jo
P [
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TABLE 4.28 EFFECT OF COAGULANT DOSAGE AND DETENTION TIME
UPON RESTDUAL TURBIDITY OF SAMPLE nO, SP-3.

Coagulant - '
Dosage (mg/1) 10 20 30 40 60
4 { _ )

ui] ) .

e 1 hr, 12.5 11.5 10.0 9.0 8.0
G Q

- m 2 hrs. 9.0 8.0 5.5 4.6 3.6
~OE

japlys] . = . A
E® 4 hrs, 6.0 - 5.5 1.3 3.8 3.0
5 & ‘ . :

wa 8 hrs. 5.8 5.0 4.0 j.= 2.5
ao 24 hfsg, 5.5 4.5 4.0 3.5 2.5
._.H-_'_) N
e

TABLE 4.29 EFFECT OF EOAGULANT DOSAGE AND DETENTION TIME
UPUN. RESIDUAL TURBIDITY OF SAMPLE NO.SP-4.

Dosage (Fg/1) 10 20 30 a0 60
H

1 .

halnl 1 hr. 22.7 18.7 15.0 12.5 10.8
T D

- 2 hrs. 17.5 14,0 - 11.3 B.5 6.5 *
~ E - :

o

Ew® 4 hrs, 13.5 11.0 9.0 £.5 5.0
> C .
hollic 6 hrs. 11.8 10.0 7.5 5.6 C 4.6
4t '

oo 24 hrs., 11.5 9,2 7.5 5.5 4.9
H o :

J G

=0




TABLE 4,30 EFFECT OF . COAGULANT DOSAGE AND DETENTION TIME

UPON RESIDUAGL TURBIDITY OF SAMPLE NE. RL-1.

97

B

Coagulant ,

Dosage (mg/1) 10 20.7 30 40 60

~

Q) ) N

bl 1 hr. 20.5 17.5 14. 10.0 7.5

oo -
o 2 hrs. 16.0 12.5 9, 6.0 4.0

~ E

fa | . .

E#® 4 hrs. 13.5 10.5 7. 5.0 3.5

> ' N
r.a B hrs. 12.5 10.0 7. 4.8 3.5
At .

oo 24 hrs. 12.C Q.8 T. 4.6 3.5

[

a0 .

O ;
TABLE 4.31 EFFECT DF COAGULANT DOSAGE AND DETENTION. TIME

UPON RESIBUAL TYRBIDITY OF SAMPLE NO. RL-2.

Loagulant - . y : l

o f

[s}} i
.'_'J .
o 4 1 hr. |56.0 50.0 46.0 35.0 33.0 24,5
g 2 hrs. | 43.0 39.0 36.0 32.0 19.0 | 13.5

e - S

{;t 4 hrs. | 31.0 27.0 24.0 19.0 12.5 .0 11.0
P 0 .

i B hrs. | 25.0 23.0 20.0 14.0 11.0 10.0
- C )

IS 24 hrs, | 23.0 22.0 17.0 14.0 10.0 | 10.0

aJ

— 0
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TABLE 4.32 COKGULANT REQUIRED TO REDNUCE TURBIDITY TG THE MAXIMUM

PERMISSIBLE EDNCENTHATIQN,DFaEbmg/l.
Sample {Turbidity(mg/l) at Coaguiant requiréd £0 reduce tugbiAity
No. Collection{Zhrs detn} to 5 mg/l after a detention time of
I"hrs._ 2 hrs.| 4 hrs.] B8 hrs.; 24 Fkrsl
- . ;
BR~1 40 30 48.0 29.0 26.0 24,0 22.0
BR-2 26 20 36.0 | 22.0 19.5 | 17,0 | 14.0
BR=3 87 65 ——— 41.5 | 38.0 | A3.0 | 31.0
'Eﬁgﬁ, 67 55 64 .0 38.5 35.0 32.5 29.5
BR-5 58 45 56.0 | 36.0 | 32.0 | 29.5 | 26.5
BR-6 97 85 -—- 46.0 41.0 38.0 34.0
DL -1 58 . 34 38.0 30.0 27.0 24.0 20. J
DL-2 24 20 46.0 38.0 30.0 26.0 23.0
5p-1 38 32 =<7 | 3s.0 | 30.0 | 26.0 | 23.0
S5p-2 25 - 25 35.0 30.0 27.0 25.0 23‘9 .
SP-~3 22 20 ——— 32.0 24.0 18.0 13.0 ;
SP-4 48 a4 ——— —_— 60.0 49,0 44.0 |
RL-I 48 45 —— 46.0 41.0 39.0 37.0 g
RL-2 95" 95 ——— —— ——— - “——— V!




TABLE 4.33 COAGULANT .REQUIRED TO RENUCE TO THE MAXIMUM PERMISSILLE
CONCENTRATION OF .10 mg/1 .IN DIFFERENT DETENTION TIME

Sample | Turbidity({mg/1) at Coagulant required to recuce turbidityl

No.. time. of 2 hrs detnlto 10 my/l after s detention time aof
Collectioen| Time } hr. 2 hrs. 4 hrs.| B8 hrsl24 hrs.

BR-1 40 3g 20.0 11.0 9.5 5.0 | 7.5
BR-2 26 20 8.0 7.0 5.0 4.0 |3.0
BR-3 | - B7 65 3.0 22.0 18.0 14.0 110.0

" BR-4 67 | 55 33.0 19.0 | 17.0 | 14.0 [13.0
BR~5 58 45 27.5 17.0 15.0 13.0 {10.0
BR-6 97 85 | 40.0 26.0 22.0 20.0 {18.f
BL-1- 58 34 15.0 9.0 7.0 6.0 | 4.0

- DL-2 24 .20 3.0 7.0 6.0 5.0 | 4.0

5p-l 38 .32 37.0 17.0 | 12.0 | 8.0 | 4.0

. 5P=2 25 | 25 2.0 | 9.0 B.0 7.0 | 6.0
sp-3 | 22 20 36.0 9.0 | eim | owmm | am-
sp-4 | a8 44 w-w 1 33,0 | 23.0 |18.0 (15.0

| RL-1 48 45 40.0 27.0 | 22.0 |20.0 18.0

“RL=2 | 95 95 —— - —— 66.0 [60.0
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TABLE 4,34 COAGULANT REQUIRED TO REDUCE COLOUR TO THE MAXIMUM
PERMISSIBLE CONCENTRAT IONS.

iSémple-lInitial colour Eongglant'réqﬁifed to reduce cql@ur to
Na. (mg/1) - 20 mg/1 15 mg/1 10 mg/1
BR-1 25.0 17.0 29.0 48.0
BR-2 20.0 '10.0 . 20,0 . | 40.0
BR-3 50.0 37.0 50.0 72.0
ﬁﬁ;a_ | 35.0 29.0 40.0 60.0
‘BR-5 30.0 . 24,0 36.0 ' 54.0
BR-6 65.0 45.0 60,0 ——-
DL-1 30.0 | 27.0 40.0 60.0
DL-2 55.0 40.0 60..0 ---
5P-1 35.0 27.0 | 3s.0 -
5.2 | 30.0 25.0 _ 40.0 : 60,0
Sp-3 25.0 15.0 30.0 40,0
5p=4 30.0  20.0 35.0 - 50.0
RL-1 50.0 60.0 - e
AL-2 | 100.0 - - | I
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\ TABLt 4,35 RESIDUAL CHLORINE FUR RAN WHTER, TREATED WATER,HND
DISTILE D WATER.

Chlorine Ehlurlnd _ RCSIDUAL CHUORTINE (mg/ 5 ]
_SDlutlon applied Raw (Water treaced with alum dosage. of) Tistilfieqg
iadded(cc) (mg/1) waterIED mg/l!dD mg/1l] 60 mg/l BD mg/l i ater l
T T — j '
1.0 6.o08 - ! 0,00 | 0.00 | 0.00 0.00 0.0 | 0.02
1.5 0,12 - | 0.00 | 0.00 | . D.0C 0.02 9.02 0.05
2.0 0.16 C.00 | 0.00 0.02 0.05 | 0.05 0.10
: |
2.5 0.20 0.02 | D.0S 0.05 | 0.10 0.10  0.10
3.0 0.24 0.05 | 0.10 0.10 0.15 | 0.15 _
| 3.5 0.28 0.10 ] 0.12 0.1 |+ 0.15 g.15 0.20
4.0 0.32 | 0.12 % 0.15 0.20 0.15 0.17 0.25
| 4.5 0.36 | 0.15 | 0.20 n.22 0.17 0.20 L
| 5.0 0.40 0.17 ; n.25 0.25 0.20 Do 0.30
5.5 0,44 G.22 ! 0.27 0.22 0.z2 0.27 . 0.35
6.0 G.48 0,25 | G.30 0.22 0.25 7.30
6.5 .52 .25 | 3.27 0.25 0.30 0.35 0.42
. .
. | .
7.0 ! 0.56 .30 | 0.25 0.30 0.35 0.40 0.57
7.5 0.60 0.32 | 0.28 0.35 0.40 0.45
8.0 0.64 | 0.35 ! 0,30 0.40 0.45 0.50 0.55
| 8.5 0,68 0.35 | 0:35 0.45 | 0.50 0.52 0.60
9.0 0.72 0.33 | 0.40 0.45 0.50 0.55 k
9.5 0.75 0.30 | 0.45 0.50 0.55 0.60 .67
10.0 0.80 0.30 | 0.50 0.55 0.60 0.65 0.75
10.5 | 0.84 0,30 | 0.52 0.60 0.65 0.70
11.0 0.88 0.32 | 0.60 0.65 0.70 0.75 0.80
11.5 0.92 0.35 | 0.50 0.67 0.72 0.77 0.85
12.0 0.96 0D.40 | 0.68 0.70 0.75 0.80
12.5 1.00 0.45° | 0,70 0.75 0.80 0.85 0.9
14.5 1,16 0.57 | 0.85 0.90 | 1l.00 1.00 | 1l.10
16.5 1.32 0.75 | 1.00 | 1.0% 1.20 1.20
18.5 1.48 § 0.95 § 1.25 1.30 1.40 1.30 1.40
20.5 1.64 1.10 | 1.40 1.50 1.50 1.50 | 1.50
22.5 1.80 1.20 | 1.50 1.60 1.70 1.75
24.5 1.96 1.50 1 1.70 1.75 1.75 1.0 1.90
33.0 2.64 2.00 | 2.at 2.50 2.50 2.50 2.50
35.0 2.80 2.25 {.2.80 2.75 2.75 2.80
37.0 2.96 2.50 | 2.8D 2.80 2.75 | 2.75 2.90
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