wash pipe. A syphon breaker ends the washceycle. The filter washes itself automatically, at the
proper time at a given loss of head, without any mechanical instrument ot operating tables,
There 1s no maintenance from a mechanical standpoint of view. These filters are useful for
low turbidity waters and for small mstallations.

7.7 DISPOSAL OF WASTES FROM WATER TREATMENT
PROCESSES

Disposal of wastes from the water treatment plants has become mcreasingly important
with the avallabdity of technology and the need for protection of the environment,
Treatment of waste solids adds to the cost of construction and operation of treatment plants.

Wastes from water treatment plants comprise of :

(@) shludge from sedimentation of particulate matter in raw water, flocculated and
precipitated material resulting from chemical coagulation, or residuals of excess
chemcial dosage, plankton etc,;

(b)  wastes from rinsing and backwashing of filter media containing debris, chermucal
precipitates, stramnings of organic debris and plankton and residuals of excess
chemical dosage ete.; and

(c)  wastes from regeneration processes of ion exchange softening treatment plant
containing cattons of calcium, magnesium and unused sodium and antons of
chlonides and sulphates onganally present in the regenerant.

7.7.1 DIsPOsSAL METHODS

In continuous sludpe removal, the feasibility of discharging of water treatment plant
sludge to existing sewers nearby should be considered. For lime softening plant sludge, the
reclamation by calcining and reuse can be explored [8.4.2.1 (a) (3)]. Shudge from clarfication
units using iron and aluminium  coagulants can be dewatered by vacuum filtration using lime
as the conditioner, to a cake that can convenienty be trucked for landfll The material will
be still greasy and sticky. Recovery of alum from sludge by treatment with sulphurnic acid
ofters possibilities of reducing the quantity of sludge to be handled. Sand drving beds are an
acceptable method for dewatering certain tyvpes of sludge from setthing ranks or clarifiers for
further disposal by landfill. Simple lagooning of shudge does brng about a reduction i the
bulk of the sludge to be handled and further disposal as landfill 1s necessary. Backwash water
from filters can sometimes be recycled back to the plant milet which can possibly improve
settling and filtration. Reclamation of backwash warter from filters can be adopted in areas of
water scarcity. Stmultaneously this reduces the disposal problem of the waste,

7.8 PERFORMANCE CAPABILITIES

7.8.1 SLOW SAND FILTERS

The following standards of performance for slow sand fifters are recommended:

(a)  The filtrate should be clear with a turbichity of TNTU or less.

by The filtrate showld be free from color (3 or less on the cobalt scale).
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() When the raw water turhidity does not exceed 30 NTU, the filter runs should
normalty be not less than 6 to 8 weeks, with the flter head not exceeding 6.6 .
&)  The witial loss of head should not normally exceed 5 em. A higher head will

wicheare that the entire sand bed needs overlmuling,
3

7.85.2 BAPID SAND FILTERS

For rapad sand flters performance standards tay be based on the following cntena:

() The filtrate should be clear with the turbadity of 1NTU ot ess.

The Bltrate should be free from colour (with 3 or less on the cobalt scale).

(€} The filter runs should normally be not fess than 24 hours with 2 loss of head not
execedmg 2 m.

(dy  Toran efficient filter, the wash water consumption should not exceed 2 per cent of
the quantity fltered m between washing,
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8.1 INTRODUCTION

Water Treatrment processes such as storapge, coagulation, flocculation, sedimentation,
fiitration, neration and water softening are specifically designed to produce waters that are
aesthetically acceptable and economical to use. Though these physico-chemical DEOUERSE
assist tn removal or killing of microorganistns to varying degree, these cannot be relied Upon
to provide safe water. For utmost safety of water for {;éréa‘lkéf'tag ourposes, disinfecton of waier
has to be done for klling of disease pre oducing organsms. Bacterta, viruses and amoebic
cysts consutute the three main types of human entedc pathogens and effective disinfection is
atmed at destruction or inactivation of these and other pa thogens such as helminths
responsible for water-borne diseases. The need for disinfection in ensuring prolection against
transmission of water-bore diseases cannot be overemphasized and its inclusion as one of
the water treatment processes is considered necessary,

Historeieally, boiling of water or use of copper and sifver vessels for storin g water which
effect some wmeasure of disinfection have been employed in this country and elsewhers.
Broadly, modern disinfection processes include use of -

(1) Physical methods such as thermal treatment and ultrasonic waves.

(i)  Chemicals including oxidizing chemicals such as Chlorine and its cormpounds,

Bromine, Todine, Potassium Permanganate, Ozone and metals Hke Silver

() Radianon.

Disinfection and sterilization are different processes. While distnfection aims 2t selective
destruction of disease pmdm 1 OLEATISIIS, sterilization is etnployed to completely destroy

or inactivate all miceo-organisms including bacteds, amoebic cysts, viruses, algne und spores.,
5.2 CRITERIA FOR A GOOD DISINFECTANT

For a chermical or an agent to be potentially useful 2s a disinfectant in water supplies, it
has to satisly the following criterias

(a}  DBe capable of destroying the pathogenic organisms present, within the contact tirme
avadable and not unduly influenced by the tange of physical and af%m"ﬁ.aai;ﬁ.%
;‘sr{);_twf%ﬁ:ia:fss of water encountered §”:221r1i‘§ﬁ:tﬁm‘1y femperature, }iia.é-i. and  rruneral
constinents,

{b)  Should not leave products of reaction which render the water toxic or At
colour or otherwise make it t unpotable,
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(€} Possess the property of leaving residual concentrations to deal with possible
recOn farminaton;

() Be amenable to detection by practical, rapad and simple analytical techniques in the
small concentration ranges to permit the control of disinfection process.

8.3 MECHANISMS OF DISINFECTION

‘The mechanism of killing the pathogens depends lasgely on the nature of the disinfectant
and on the type of microorganisms. In general four mechanisms are proposed to explam the
destroction or inactivation of organisms.

() Damage to cell wall.

(1) Alteranon of cell permeabilty.

(1)  Changing the colloidal nature of the cell protoplasm.

(iv)  Inactivation of critical enzyme systems responsible for metabolic activities.

Damage to cell wall leads to cell Iysis and death. Alteration of cell permeability refers to
the destruction of selective permeability of cytoplasmic membrane and causes outflow from
the cells of such vital nutrients, as nitrogen and phosphorus. Denaturization of cell proteins
by acids and bases leads to destruction of cells, Inacuvation of crifical enzyme activity vital
for cell growth and survival s normally brought about by oxihizing chemicals.

Chernical disinfection normally proceeds i at least two steps:

o Peneiration of the disinfectant through the cell wall and

(1) Reaction with enzymes within the cell.

8.4 FACTORS AFFECTING EFFICIENCY OF DISINFECTION

The efficiency of chemical disinfection is miluenced by the following factors:

() Type, condition, concentration and distribution of organisms to be destroyed.

) Type and concentration of dsmicctant,

(¢y  Chemical and physical characterisics of water to be treated.

(d)  Contact time avaiable for disinfection,

(€)  Temperature of water,

841 Tyre, CONDITION AND CONCENTRATION OF ORGANISMS TO BE
DESTROYED '

The disinfectant has to diffuse through the cell wall before it can react with the enzyme
systems, Since the different types of crgarusms have different cell structures and different
enzyme systems, the action of the disinfectant must necessanly vary, Among  intestinal
organtsims, pathogens are less resistant than  the coliform group and hence the latter can
serve as a conventent wdex of the efficiency of disinfection.




Viruses appear to be more resistant than bacteria and require longer periods of contact a3
well as higher concentration of disinfectant. Spores are relatvely resistant but forrunarely are
not of such significance as pathogens. Cysts are extremely resistant. The condition n which
the organtsms occur may also affect the efficiency of disinfection. Thus, when the bacteria
ate clumped together, the cell inside the clump may be protected against the action of
dismfectant. The density of the vrganisms affects the efficiency only when the number 15 so
high that there 15 a deficiency of available disinfectant. Such a condition may occur in
disinfection of sewage but is not usual in water works practice,

8.4.2 TYPE AND CONCENTRATION OF IJISINFECTANT

The efficiency of disinfection will obviously depend on the nature of the disinfectant. The
added chemical undergoes several transformations so that the disinfecting action 15 really
exerted by the end products of reaction, The course of these reactions is laggely influenced
by the character of the water and its constituents. These reactions that may occur under
different conditions will determine the type and propordon of the active disinfectants.
Higher the concentration of a chemical disinfeciant, the higher is the destruction of
OIgANISMS.

8.4.3 CHEMICAL AND PHYSICAL CHARACTERISTICS OF WATER TO BE
TREATED

Organic matter and certain oxidising constituents in water reduce the availability of the
active products for disinfection. Embedded organisms in suspended materials in water may
be sheltered from the action of disinfectant.

8.4.4 TiME OF CONTACT AVANLABLE FOR IDISINFECTION

The destruction of organisms increases with contact time available for disinfection. In
practice, the contact pedod is limited by the design of the plant and is usually not less than
30 munutes.

Adequate period of contact is avatlable in most plants because the chlorinated water has a
considerable detention m the clear water reservoirs before it is supphied. However, in small
plants where such storage is not provided, the contact period 15 determined by the time taken
for the water to flow from the point of application of chiorine to the point of drawal of
water by the first consumer. If the mintmum contact time is not avatlable the dose of
disinfectant should be suitably increased.

8.4.5 TEMPERATURE OF THE WATER

Rates of chemical reactions are speeded up as the temperature of the reaction
mcreased, The higher the temperature, the more rapid 15 the destruction of organisms,

8.5 MATHEMATICAL RELATIONSHIPS GOVERNING
DISINFECTION VARIABLES

The kinetics of disinfection s affected by several variables as enunciated in section 8.4,
The effect of some of these disinfection variables can be quantified by empirical

271




mathematical relationships. Under ideal conditions, three mamn varables alter the rates of
disinfection, namely (i) the time of contact, (1) the concentration of the d disinfectant and (i)
the temperature of water,

A T o et A i s
851 Conrtacr TIME

Contact time s an wnportant vartable affecting the rate of destruction ol organtsms.
Generally speaking, under ideal conditions and at constant temperature. The number of
organisms (Nt) surviving after a period of tine © s related to the matal number (Noy by
Chick's law

15 8.1
log b =k
N!

Where k is constant with dimension (1)

Prepartures from Chiclks law are not uncowmmon, Rates of kil have been expenmentally
observed to increase with time in some cases and decrease with tine in other cases. To
account for these departures from Chick's law the following modified cquation has been
suggested:

Logy et = g™ (8.2)
Where m is a constant. If m is less than 1, eate of kill decreases with time and 3f m 18
greater than 1, the rate of kill increases with time. Laboratory analysis and subsequent
if'xi;z:tr-pzrm.:zti;:éwz of data may provide weeful information for design purposes,

CEMTRATION OF DISINFECTANT

Rate of disinfection is affected, within himits, by dmmgfm i concentration of disinfectant.
The relattonship between c aiﬁfbiirim concentration and ume e qmm{é for lalling o desired
cxpressed by the fellowing equation:

percentage of organisos 18 generally
Chxt, = Constant 8.3

Where C is the concentration of disinfectant, n is a coetficient of dilution and t 15 the time
requured ﬁt:}zf a constant percentage kill of the organisms. Values of n greater than one mdicate
rapid decrease m the efficiency of disinfectant gs #ts concenteation i§ reduced, if n is less than
1, contact ?i‘i"}‘"}(* is more important than concentration and for o egual to 1, both affect the
i"*fﬁu(ﬂ“ﬁ{:‘; of dsinfection to the same extent, Concentration-time m’%mumh;p for HOO 2
G0 resulting i 99% kil for EL.Coli and several different viruses are:

0 ¢
CH b, = 0098 for adenovirus 3
= 0.24 for B-Cols
w= 1.2 for poliomyletis virus
= 6.3 for coxsackie virus A,

Since value of n is less than 1, changes in contact time have more ceffect on kulling of
organisms than corresponding changes i concentration of HOCL Further these equations




also indicate that some viruses (e.g Coxsackie Virus A, are more resistant to lilling by HOC!
than commonly used mdicator organisms, F-Coli

BA5.3 TEMPERATURE Oy WaTER

The effect of teraperature on rate of kil s usually expressed by the Vant Hoff Arrhenius
relanonship assuming that the rate of disinfection s contiolled mi}"zm v the rate of diffusion

of dismfecrant through the cell wall or by rate of chemical reaction with iﬁiiiiiﬂ%;?!h{ CIZYIMes:

Where t,t, are tmne for given percentage of kill at temperatures 1) and "1, in °K, £ is the
activanon encrgy (in ] /mol or cals/ mol) and R is the gas constant equal 1o 8314 J/moi°K
or 199 cals/mol "KL Typical values of ¥ at ptl 70 for agueous r::hh:}i"iﬁ':t{% angd chioramines are
34332 and 540,242 )/mﬂi respectively. As the pH omcereases, value of 10 also increases. This
rype of relanonship indicates that at lower temperature of water {e.g in winter season) the
nme required for achieving the same percentage of kill for the same conceniration <‘}§“
disinfectant would be higher than those for higher temperature (eg in sumrmer months). 1
tme of contact cannot be changed duc 1o design constraints, doses of disinfectants will have

to be changed to account for changes in temperature to achieve same pereentage of kill
8.6 CHLORINATION
8.6.1 CHLORINE AND IT5 PROPERTIES

Chlorine s an clement, having the symbol CLwith an atomic weight of 3545, melung
point -101.5 C and boiling pomnt 34.5°C. Gascous chlosine is greensh vellow in colour and s
approximately 2.5 times heavier than air. Under pressure, it s a liquid with an amber colour,
otly nature and approximately 15 times as heavy as water. Liquefaction of chlorine gas is

t

accornphshed :

w drving, cleaning and compressing the gas to 35 kg/ em, Dunng this
process, the resultant liquid chlonne 15 separated  from noncondensable gases. The
remperature of the liguid chlonne in the container influences the internal nressure of the
chionmne gas and hence s How from the contalner, Licuud chlorine must be xffi{?:f.:}fés»‘f;%i.:% mn

order to be withdrawn as gas and this ronds 10 reduce its temperature and thereby i s vapout

pressure. At too high discharge rates, the hiquid will be cooled excessively resulting in the
formation of frost on the outside of the contamer. \While dry chlorine 15 non-corrostve, moist
chlorme s highly corrostve, Chlorine gas s harmful 1o human beings since It is a powerfud
ettant ko lungs and eves. Patal concentrations are genewally avoided as ity irntant nature is
recogrnsable at much fower concentrations, the odour threshold being 35 ppm by volume.
The safety hmit for a working environment permits the maamum allowable concenraton of

chlotme m oar of 1 ppm by volume for an exposure poriod of § hours.




8.6.2. CHLORINE-WATER-REACTIONS

#.6.2.1 Free Available Chlorine

Chlorine reacts with water to from hypochlorous acid (HHOCI) and Hydrochlonc acid
(HCY according to the equation:

Cl, + H,0 === ({00 -+ H + CF

This hydrolysis reaction is reversible. The hypochlorous acid dissociates nto hydrogen
ions (M) and hypochlorite jons {OCH) according to the equation:

HOCH =S MY+ OCh

This reaction is also reversible. Free available chlorine may be defined as the chlorine
existing i water as hypochlorous acid and hypochlorite tons, The undissoctated HOC s
about 80 to 100 times more potent as a dmn&{:%:fmz: than the OCH on.

Both the above reactions are dependent upon the pH of the water. When the pH value of
the chlorinated water is above 3, which is normally the case, the hydrolysis reaction is almost
complete and the chlorine exists entirely in the form of HOCI The influence of pH on the
disinfectant action, therefore is governed by the second reaction as waters with pH value
§3c,§c>w 3 are very rare. From a mmicieration oé’ the ‘:t‘:cond equaticm, it is evident that as the
below it is @mctzmlly 1060% umom.sc,d EIQ(.,] whzk above p}{ 9.5, 1t 15 all OCI tons. Between
pH 6.0 to 8.0, there occurs & very sharp change from undissociated to completely dissociated
hypochlorous acid with 96% to 10% of HOCL, with equal amounts of HOCH and OCI being
present at ptl 7.5 (Fig. 81} The addition of chlorme does not prc&duce any significant
change 1n the pH of the natural waters because of their buffering capacity.

8.6.2.2 Combined Available Chlorine

The free chlovne can react with compounds such as ammonia, protems, amino acids and
phenol that may be present n water to form chloramines and chloro-denvatives which
constitute the combined chlorne. This combined avallable chlorine possesses some
disinfecting properties though to a much lower degree than the free available chlorine.
Theorerically some free avatlable chlotine can exit along with combined avadable chlorine
since these reactions do not go to 100% completion. The reactions with ammonia are:

Cl, + J,0 === [{OC] + HC
NH, + HOCI === N,Cl + H,0

(Monochloraming)

NH,Cl+ HOCH === N}, + 1,0

(Dichloramine)
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NHCI, + HOCl === NCl, + H,0
(T'tichloramine ot Nitrogen chloride)

The monochloramine (NH2CD and the dichloramine (NHCIR) have disinfecrant propetties,
though twenty five times less than that of free chlorme, while the trichloramine has no
disinfectant properties at all. The pH of the warter generally determunes the ratio between the
amount of mono and dichloramines formed which have nearly equal bactericidal powers. Below
pH 4.4, trichloramine 1s found. Between pH 44 1o 5.5, only dichloramine exists and in the
range of 5.5 - 8.4, both mono- and dichlorarines prevaid m a ratio fixed by the pH. ArpH 7.0,
equal quantities of mono and di-compounds and above pH 8.4 only mono-chloramines are
noticed.

8.6.2.3 Chlorine Demand

Chlorine and chlorine compounds by viste of their oxidizing power can be consumed by a
vatiety of inotganic and organic materials present in water before any disinfection 1s achieved. It
is, therefore, essential to provide sufficient time and dose of chlomme to satsly the VATIOUS
chemical reactions and leave some amount of unteacied chlorne as residual either in the form
of free or combined chlorine adequate for killing the pathogenic organisms,

The difference between the amount of chlorne added 1o water and the amount of reswdual
chlorine after a specified contact period is defined as the chlorine demand. The chlorme demand
of any given water varies with the amount of chlorne applied, the tme of contact, pti,
temperature, and type and quantity of residual desized.

$.6.2.4 Estimation Of Chlorine

The usual tests practised for estimating the residual chlorne m water are the orthotouhdine
test (OT) and orthotoulidine agsenite test (OTA), the former used for total residual chlorine
concentration and the latter for free available chiorine. When orthotoulidine reagent s added 1o
water containing chloring; a greenish yellow colour develops, the intensity of which s
proportional to the amount of residual chlonne present. Soluble ablets of DPD
(diethylphenylene-diamine) have also been used satisfactorily i place of orthotouldine reagent.

O.T AND O.T.A. METHODS

The orthotoulidine test procedure does not overcome errors caused by the presence of nitrates,
iron and manganese, all of which prodoce a yellow colour with orthotowhidine nor is 1t able o
discriminate between "Free Chlorine™ and "Combined Chlorine”. The O.T.A. method permits these
differentitions. The principle of the method is that chlovine cither free or combined s destroyed on
addition of sodium arsenite whereas the colour produced by the reaction of chlorme with
orthotoulidine as well as the interfering agents is unaffected. The reaction of orthotoulidme with
free chlorne is instantaneous while with combined chlorine it is very slow and does not begin until
about 10 seconds. This property is used for distinguishing free from combined chlorme. The test 1
carried out as follows:

a) Take three tubes marked to hold 10 ml and Iabel them ‘A7, *B and (7

b) To tube "A' add 0.5 ml of orthotouldme solution. Then add 1 ml. of water sample and
mix. Add 0.5 ml or 0.5% sodium arsenite (NaAsOr) immediately. Mix and compare with
standards as rapidly as possible, Record the result (A).
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<) To mube B contaning 0.5 ml of arsenite solution, add 10 ral of water sample. Mix
quickly and tmmediately add 0.5 mi of orthotoulidine reagent. Mix and compare
with colour standards as quickly as possible. Record the veading (Bl). Compare
with colour standards again in exactly 5 minutes and tecord result (B2). B and B2

ate due to interfering substances,

o} T rube ' add 0.5 mi of orthotoulidine reagent and then add 10 mi of the sampile.
Mix and allow to stand for exactly § minutes. Compare the colour with standards.

Record reading (C).
e) Compute different values as follows:
¢ Total residual chlorine = (C - B2)

& diree vesicdual chlonne = (A - B

5

4 Combined resichual chlorine = (O 132 - (A - B1)

£.6.3 CHLORINATION PRACTICES

8.6.3.1 Free Residual And Combined Residual Chlorination

The type of avaidable chlorine residual requured and the characteristics of the water bemng
rreated determine the process of disin fection to be cmployed. All chiorination practice,
irespective of the point of application may be classified as free avatlable residual chlonnation

nature of the chlorine residual formed. Prom practical viewpoint, both are not equally

(Le. break point or superchlorination) or combined residual chlorination, depending on the

applicable to all water sources for disinfection or 1o mprove the quality.
(a) Free auvailable vesidual Chlorination
{1} Plain or simple chiorination:

This involves the application of chlorine 1o water as the only type of treatment to afford
the necessary public health protection. Plamn chlorination can be carred out in situation
where:

{1) Turbidity and colour of the raw water is low, turbsdity not exceeding 5 to 100

N
(i) Raw water is drawn from relatvely unpolluted sources;

(i) Water contains little organic matter and won and manganese do not exceed 0.3
myg/l ot

(v)  Sufficient contact period between the point of chlormation and the consumet end
is available.

{2) Super-Chlorination:

This is adopted in case of an emergency like a break down or in case of waters which are
heavily polluted or fluctuate rapidly in quality. It can give excellent results 1 waters where

() Plain chlorination produces taste and odour;




iy The water is coloured; or
(u)  Iron and manganese have to be oxidized

1t may be resorted to on special occasions when avaiable contact time 1s limited at the
pre-chlonnation stage. Super chlorination can effectively destroy the relatively resistant
organisms such as viruses and amoebic cysts. The dose of chlorine may be as hzgf)h as 10 to
15 mg/l with contact periods of 10 to 30 minutes. Hxcess chlotine will have to be
dechlormated.

(3} Dechlorination:

When superchlorination is employed, the water usually contains excess of free available
chlorine which must be removed before it becomes acceptable to consumers. Dechlorination
is the partial or complete reduction of undesirable excess chlorine m water by any chemical
or physical treatment.

Prolonged storage and absorption on charcoal, granulated carbon and activated carbon
are effective. Also reducing compounds like sulphur dioxide, sodium thiosulphate and
sodium bisulphate are f"reqtzmﬂ} used as dechl wrma’czﬂé,) agents. Dechlonnation by suiyhur
doxide and its derivatives 1s feasible, rapid and precise. About one part of SO, (by weight) is
required for each part of chlorine to be removed, the exact amount to be determined by the
Stotchtometric rt‘:larﬁ:}nship:

SO, + Cl+ 2H,0 === LSO, + 2H
{4 Bmakpf;ixzt Chlorination:

As already explained in section 8.6.2.2. the addition of chlorine to ammonia in water
produces chloramines which do not have the same efficiency as free chlonne.If the chlorine
dose m this water is mcereased, a reduction in the residual chlotine occurs, due to the
destruction of chlorine by the added chiorine. A few possible schemes are as below:

INHLCH HOC] =5===3= N, + 3HCl + 1,0

2NH,Cl+ 2NHCL, + HOCI === N,0 + N, + 7HCl

The end products do not represent any residual chlorine. This fall in residual chiorine will
continue with further increase of chlorine dose and after a stage the residual chiorine begins
to increase i proportion 1o the added dose of chlorine. This point at which the free residual
chlonme appears after the entire combined chlorine residual has been completely de stroyed 18
referred to as breakpoimnt and corresponding dosage is the brmkpomt dosage. Breakpoint
chlormation achieves the same results as superchlorination in a rational manner and can
therefore be construed as controlled superchlorination.

(b) Combiined Available Residual Chlorination

This method involves the application of chlorine to water to produce with natural or
added ammonia, a combined available chlorine residual and to maintain the residual through
part or all of a water treatment plant or distibution system. They are less effective
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disinfectants and oxidants than free available chlonne forms. The residual, however, will
persist much longer than free available chlorine which has a tendency to diffuse and be lost.
A minimum of 30 to 60 minutes contact time must be provided before delivery to the
consumer. Depending upon the characteristics of water this can be accomphished as follows:

) applicatton of chlorne only, if sufficient ammonia 1s present in the water;
()  addition of both chlonne and ammonia 1f 1t contains little ammonia; or
() additon of ammonia if free avadable residual chlotine 15 already present 1 water.

In order to control chlorme-ammona treatment effectively the optimum rauo of chlonne
to ammonia has been found to be 31 or more to ensure the _prt:sent:zif of an excess of
ATTUNONIR.

This practice is useful after filtration for controlling algae and bacterial  growths, for
reducing red water troubles i distribunion systems at dead ends and for providing and
mamiamnmg a stable residual throughout the distebution system.

(c) Points of Chivrination

The use of chlonne at various stages of water supply system right from taw water
collection to the distribution network is a common practice and terms like pre-post and
rechlornation have come into common usage depending upon the points at which chlonne
is applied.

{1} Prechiorination

Prechionnation 1s the application of chlotine to water prior to any unit treatment process.
The point of spplication as well as dosage will be determined by the objectives viz.; control
of blogeal growths in raw water conduits, promotion of improved coagulation, prevention
of mud ball and shme formation m flters, reduction of taste, odour and colour and
minimizing the post chionnation dosage when dealing with heavily polluted water.

{(11) Postchlorination

Postchlorination 1s the application of chiorine to water before it enters the distribution
system to mamtain the required amount of free chlotine specified in 2.2.9 (¢).

(111) Rechlormation

When the distribution system 1 long and complex, it may be difficult to maintain the
rmumimum chlorine residual of 0.2 mg/1 at the farthest end. To achieve this if a very high
dosage 15 applied at the postchlornination séage, tt would, apart from being costly, make the
watcr unpalatable, at the reaches close to the pomnt of chlotination. The maintenance of the
required residual, in such cases can be accomplished by a stagewise application of chlorne n
the distribution system which is called rechlorination. Rechlormation is carried out i service
reservolrs, booster pumping stations ot at points whese the mains supply to distribution
Z0Mes,




8.6.4 CHLORINE RESIDUAL

Satssfactory disinfection is obtained by prechlotination to maintain 0.3 to 0.4 mg/l free
available residual throughout treatment or 0.2 to 0.3 mg/! free avatlable residual in the plant
etfluent at normal pHl values. At higher ptl of 8 to 9, at least 0.4 mg/l 15 required for
complete bacterial kil with 10 minutes contact time. For 30 minutes contact time the dosage
reduces to (.2 to 0.3 mg/L

The normal concentration of chlorine employed in the water works practice destrovs
causating orgamsms associated with typhoid fever, dysenteries and vatious gastrointesting
disorders. Cysts of H. histolytica, the causative z;>mméqm«: of amochic dysentery are not
destroyed but are inactivated at higher doses of 0.5 mg/! of the free residual chlorine.

i“mmgﬂ{*w data are unavailable upon whér%‘z 0 base recormendations of residual chlonne
requiremnents (o ensure destruction of water borse viruses. However, in practice 0 5 mg/l of
free chlorine for one hour is sufficient to inactivate virus, even in wf;.f:ss&s that was wmgmal.y
polluted and hence this may be adopted to make the water safe.

Where water supply s infested with nematodes, the supply should be prechlorinated for 6
hours 1o mamtain a free available residual of 0.4 50 0.5 mg/L This treatment attenuates most
nematodes and renders them immobile which can be removed by s settling processes.

8.7 APPLICATION OF CHLORINE
Chlowne can be applied to water by three methods:

(a) By the additon of a weak solution prepared from bleaching powdee, HTH ete.
for disinfecting small quantities of water,

(b) By the addiion of a weak sohwion of chlorine prepared by electrolysing
solution of brine.

(c) By the addivion of chlonne, either in gaseous form or in the form of 2 solution
made by uiwm?vmg gaseous chlorine i a small auxliary flow of water, the

chlorine gas being obtamed from pressurized chiorine cylinders.

The first method of chlorine application has the merits of simplicity, non requirement of
electrical ene gy and relative safety in operation and handling as avadable chlormne is mf}m,? 0
powder or solution form, I’%ww&--z the demenits include nstability of bleaching powder,

bygroscopic nature and relatively low percentage of available chlosine (25-35%). If)
avercome these disadvantages, some variants with the basic chemical compound of {Aﬂfmm
Hypochlorite are recommended. These compounds possess a high chlonne content of abo

05 - 70% and are stable, easily soluble and non-hygroscopic, However, these are &:'x;jf}r‘:zmmz
and require safety in handlng

The second  method  of chlosine  application requires  the  deployment  of
electrochloninators to prepare a chlonne solution from ¢ lectrolysis of water containing
Sodmum Chlorde. An electrochlorinator essentially cnmprtsa s of a divect current (ﬁ{ source
for providing energy for electrolysis, an electrode patr nstalied in 4 container and
hypochlotite solution stosage and e:f%&';gtsms:zz‘y%t'}ﬁ'} device. During elecirolysis, chlorine is not
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evolved as a gas but 15 avadable in solution form as hypochlorite solution. This is the major
advantage of this techmique as taansportation, storage and application of chlonne gas
involves major safety considerations to avoid hazards and fatal accidents.

i """ dectochlonmatoss are now commercially avatlable in India in capacities ranging up to
1600 g/br of chlonne using salt solution and up to 100 kg/hr of available chlorine using
seawater. [t 13 reported that power consumption may be less than 5 kWh/Kg of available
chlorme for units with capacites greater than 500 g/hr and common salt requirernents are of
the order of 4-4.5 Kg/hr of svalable chlosine. However, no 1S specifications are presently
available for these electrochloninators, and these electrochlorinators are based on emerging
technology.

The third method of chlodne application s presently the common practice for medium
o large public water supplies. However, it requires claborate safety practices and use of
chiornators or chlonine evaporators and auxiliary equipments,

8.7 SAFE HANDLING PRACTICES

8,701 Storing Shipping Containers

Chlorine cylinders preferably should be stored upright and secured, and in such a manner
as to permut weady access and removal, Ton containers should be stored horzontally, shghtly
elevated from ground or floor level and blocked to prevent rolling; a storage rack of I-beams
is convenient. Ton containers should not be stacked or racked more than one high unless
special provision s made for easy access and removal, Full and empry g;'lmduf@ and ton
contamers should be segrepated.

otorage arcas should be clean, cool, well ventilated and protected from corrosive VADOULS
and continuous dampness. Cylinders and ton containers stored indoors should be i a fire
resistant budding, away from heat sources (such as radiators, steam pipes eic) flammable
substances and other compressed gases. Subsurface storage arcas should be avoided,
especially for chlonme and sulphur dioxide. 11 natural ventlladon s mnadequate, stomge and
use areas should be equipped with swiable mechanical ventifators. Cylinders and ton
contatnets stored outdoors should be shielded from direct sunlight and orotected From
accurmlations of ram, e and snow.

Al storage, handling and use areas should be of such design that personnel can quickly
escape i ermergencies. It is generally desirable to provide atleast two means of exit. Doors
stould open out and lead to outside galleries ot platforms, fire escapes, or other
unobstucted areas,

8712 Dmptyping Containers

Chlorine cylinders deliver gas when in an upright position and tguid when in an inverted
(ot partially so) position. Ton containers in a hotizonial position and with the two valves in 2
vertical line deliver gas from the upper valves and liquid from the lower valve.




To withdraw gas from a cylinder or ton container, the liquid chlorine must be vaporized.
The flow rate is a function of the vaporization rate, which, in tun, 15 dependent on the rate
of heat transfer to the hqud,

8.7.1.3 Connecting And Disconnecting Containers

The design and operation of facilities should be such as to minimize all hazards associated
with connecting emptying and disconnecting chlorine containers. These operations should
be performed in well-lighted places by authorised personnel equipped with gas masks or
other suitable respiratory protection devices. Container valve protection goods should always
be in place when the container is not in use. Valves should not be left open when operating
personnel are not avatlable to maintain proper surveillance of the operations,

Connections to valve outlets on cylinders and ton containers can be made by either a
clamp and adapter or a union connector, the former is preferred. In making connections 1t
should be ascertained that the outlet valve is closed before the outlet cap is removed. Gasket
surfaces should be thoroughly inspected and cleaned and a new gasket of standard materal
should be used. Connections that do not fit should never be forced.

Cylinder and ton container valves should be siowly opened by using a special wrench, not
more than 150 mm long, for this purpose. One compiete turn of the stem in a
counter-clockwise direction opens the valve sufficiently to permit maximum discharge. An
zuxthary cyhnder or ton container valve should be mstalled adjacent to the container valve
between 1t and the chlorine feeder or gas header on manifold systems. Such a valve serves as
an emergency shut off if the container valve should leak. Moreover, it prevents chlorine gas
from escaping from the supply line when the container is removed from service. In the
mterests of safety, the ventilation system should be operating whenever containers are being
placed mto or temoved from service and at all tmes in which an emergency extsts or
adjustments and repaits are being made.

Specifications and mgmufacmﬂngr of chlonne cylinders/contamers, its transportation,

handling, filling, possession and safety shall be governed as per Gas Cylinder Rules; 1981 of
Central Government,

8.7.2 CHLORINATORS
A chloninator 1s a device designed for feeding chlorine to a water supply. Its functions are:
(m)  To regulate the flow of gas from the chlorine container at the desired rate of flow.
(b)  Toindicate the flow rate of gas  feeding,
(¢ To provide means of propedy mixing the gas either with an auxiliary supply of

water or with the main body of the liquid to be disinfected,

8.7.2.1 Types Of Feeders

Chlotinatoss are used for control and measurement of chlorine in the gaseous state and to
supply chlorine as 2 gas or an ¢ agqueous chlorine solution. The principle of operation of these
equipments depends on the regulation of flow by establishing a pressure relationship
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between the upstream and downstream sides of either a constant or a varable orifice in the
chlorine flow gas line. Control of the feed rate is affected cither by varying the pressure
differential across a fixed orifice (variable differential unit) or by varymg the size of onfice
(constant differential unit),

These feeders are of two types, viz. (a) Pressure type and (b) Vacuum type
(7} Pressure Type Gravity Feed Chiorinator

in the ymxm feed chlovinator, dey gas at shight pressure s mtroduced mto 2 t‘"k'ima‘ifi{“;{ﬁ
tower made of cortosion resistant matedal. Water is introduced at the top of tower (Iig. 8.2).
As water flows down slowly, 1t g};i’ﬂﬁwz}lv absorbs the chlorine. The resultant solution flows
out of the tower by gravity to the pomt of application. Fig, 8.3 depicts a chlonnator with

njecior.
(b)) Vacuum Type Chlorinator
Chlorine gas is mamntamed under vacuum throughout the metering appatatus, The

opening of the chiosine infet valve is governed directly ig} the vacoum mduced 1o the system,
This type of chlorination is most common because of safe operation (Fig, 8.4),

The Vacuurn Type Chlonnator Consists of)

{1) A differential vacuum regulator flow meter;
(i) A compensating vacuum regulating valve to maintain a constant down stream

pressure;
iy Flow regulating pressure valve to maintain constant downstream pressuie;

(iv)  Aninjector or educator to create the necessary vacuumn in which gas will be mixed
with a small quantity of water prior to the point of application;

(v) A vacuurn pressure breaker to prevent the possibility of water being drawn o the
appatatus, to prevent build up of pressure;

{vi)  Varable area flow meter to measure the amount of chlorine gas flowmg,
8.7.3 ENGINEERING CONTROL OF HAZARDS

Careful consideration should be given o methods of handing chiorine shipping
containers. Cetlings high enough for overhead hoists and floors of sufficient avea for ease in
handling mechanical equipment should be provided Storage and use areas should be
properly ventdated so as to minimize possible accidental reaction of chemcals, which s
based on their previously noted characteristics. Piping systems should be as sinple as
possible with & miniroum number of joints; they should be well supported, protected aguinst
temperature extremes and adequately sloped 1o allow proper dramage.

Long pipelines for hquid chlorine should be avoided. Sections of pipelines thar can be
isolated or shut off at both ends  (such as by valves) wust be provided with a sutable
expansion chamber to avoid possible hydrostatic rupture due to pressure and volume

increase accompanying high temperatures. Condensation or rehqueficarion can occur
in chlorine gas lines that pass through arveas where the temperarure 55 below the
"MJ
Oy
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