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temperatore-pressure equilibrium mdicated on the chlomme vapour pressure curve. It can be

prevented by supplying propery  controlled heat or by reducing the prossure. The
temperature of chlonne contamers and gas pipelines should be lower than the temperature of
the chlonnator to prevent condensation; of chlorine gas condenses, the chlonne will be
reliqufied and result in erratic chionnator operation. Chlovne pipelines removed from
service for oven very buef penods should be closed in a suitable manner to preclude the
entrance of moisture, which will cause serious corrosion problemns.

Eguipment cleaning and repair should be performed under the direction of thoroughly
tramed personnel who are fully famdiar with all the hazards and the safeguard necessary for
the safe pedformance of the work, All precautions perlainmg to education, protective
cagupment and health and fire hazards should be reviewed and understood. Repair o
chlorine systems should not be undertaken while the system is in operation and while piping
systems are 1 service. Chlotine pipelines and cquipment should be first purged with dry air
as a safeguard to health; this is especially important where cutting or welding operations are
undertaken because iron and steel will ignite in presence of chlonne at about 235 °C
Immediate drying of a chlonne pipeline into which water or moisture has been intoduced or

which has been opened for reparrs, 5 essential if corrosion is to be prevensed

8.7.3.1 Fiping Systems

Motst chlorine unlike dey gas or liquid chlovine is highly corrosive.; Pipelines, valves and
other fittmgs through which dry chlorine passes should be tightly closed when nat in use to
prevent absorption of the moisture’ from the aie. Diry chlorine gas or liquid chlorine under
pressute should be conveyed through extra heavy wrought ron or steel pipe or flexible
anncaled copper tubing tested for 35kg/em” working pressure. The discharge bne {rom the
chiotine contwner should be flexible and slopping upwards, especially when chiprine is
discharging i the liquid state. Long pipelines should be avoided. Hard rubber, silver or
Plabnum tubing 5 necessary for conveyance of motst chlorne gas or aqueous chlonne
solutions at low pressure.

o prevent condensation of gas, pining systems and control equipment should be at the
same or a higher temperature than the chlarine container. Chlotine gas lines are preferably
located overhead rather than along with floor, o take advantage of the warmer ambient
temperature. For bguid  chlorine  piping  systems, conditions, which  contribute  to
vaporization, could be avoided.

For pipes 35 mm diameter and smaller, connections may be either screwed, welded or
Hanged. 1f flanged, facing should be small tongue or grove. (Gaskets should be made of
antimony lead (with 2 to 3% antimony) or asbestos sheet. Rubber gaskets are not switable.
nerewed fittings shoold be of forged steel construction.

Pressure indicators in the system have Teflon diaphragms or silver foil protectors.
Pressure reducing valves may be of brooze or silver plated body with silver diaphragm or of
monel metal with a'leflon diaphragm.
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6.7.3.2 Number Of Cylinders Or Containers

MNormal chlonne dosage required to disinfect water supplies not subject to significant
pollution would not exceed 2mg/1. The actual chlotine dosage has to be determined on the
basis of chiorine demand tests, The chlorine feed rate is then computed by dividing the
expected maximum dosage of chlonne by masximum flow rate.

Total daily chkn:im: requirements can be estimated from the datly average consumption in
a maxtmum day. The peak and the minimum rate requirements should be taken into
consideration when designing a chlotine supply and feeder system and not merely the total
daily requirements of ¢hlorine.

When chlotine gas s withdrawn from a cylinder contatning the liquefied gas, the pressure
drops and the liquid 'boils' liberating more gas il the pressure is restored. This bosling
absorbs heat continuously, then producing a cooling effect in the liquid region. If the
withdrawal is continued, the liquid may freeze and no more gas will be evolved. It is
therefore, essential to keep the atmosphere, round the containers in service warm and to
ensure that there 15 not an abnormal rate of withdrawal from a single container with heavy
demand of gas.

The recommended discharge rates are approximately 6.5 to 7.5 kg/hr, from a one ton
contaner and 0.8 kg/hr from cylinders. 1 squipraent should have sufficient capacity to exceed
hghest expected demand at any time and to provide continuous effective discharge under all
prevading hydraulic conditions. It i good practice to provide for duplicate equIpmMent since
dismfection process cannot be stopped at any trme.

When the gas discharge rate from a single container will not meet the zt,qusrums:nta two
ot more can be connected to a manifold and discharge simultaneously. It is advisable not to
couple more than four containers to a manifold When discharging through a manifold, care
must be taken that all the containers are at the same temperature, particularly when
connecting a new cvlinder to the manifold. Where more than 3 or 4 cylinders are used, the
connections would be arranged in groups so that one complete group can be changed at a
time. Storage of chlorine lasting a2 month or two should be provided. It 1s advisable to keep

the full cylinders in the same room as the cylinders in service.

8.7.3.3 Maintenance

Livery chlonnator is supplied with an mstruction book that will include specific steps to
follow in servicing. However, following are four areas most often associated with
matntenance requirement and cause of trouble.

{a) Moisture

Mossture in chlonine is corrosive to ferrous and most nonferrous metals. Most
chlonators use plastic materials in the sections where gas 18 handled under vacuum. Metal
parts or fittings, which are generally external to the chlorinator, are header valves, header
lmes and flexible connections. When any connection 1§ broken, even for a short tzmc the
opemngs should be plugged wnmediately to exelude moisture. Corrosion is internal and not
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evident upon external mspection untl failure occurs. A good rule to follow 15 to exchade
moisture from any part of the equipraent that 1s normally exposed to dry chlorine only.

Corrosion products, primarily  ferric chiomde, are 2 major cause of chlonnator
malfunctionmg,

(b) Impurities in Chlorine

Fen trace amount of inpurities can cause problems if they accumulate, Two compounds
are frequently found in chlorinators after continuous use. One, fernic chlonde, may be
present in the chlorine containers or may result when careless operation allows mosture to
enter the system. This compound s recognizable as a dark brown, syrupy lguid and s
soluble in water. After chlorinator parts are washed to remove tmpurnty, they must be dred
thoroughly before reassembly,

The other material, hexachloroethane or a simiar compound, is classed as a volatde sold.
It tends to deposit in gas lines at points of pressure-temperature drop. This material 15 not
soluble in water, but can be dissolved in trichtorocthane, a common mndusteial solvent.

{e) Flexible Comnections

Flexible connection (comprising small diameter metal tubing), used to connect two
cylinders or ton containers, need special attention. Because they are flexed cvery fme a

cylinder is changed, they are subject to metal fatigue. These connections should be changed
onece a year.

Each time a connection s made cither to a chlorne contamer or to the chlornator, a new
gasket must be used.

(el Gaskets

Flastomeric (flexible) materials used for gasker and O-rings generally become brittle m
time. 1f a gasketed jomt i not broken, the gasket may last for vears. A regular programme of
replacement s desirable but guidelines are difficult. Uvery recommended spare-pasts fist
includes spare gaskets. 1f swelling ot hardening of a gasket is noted, 1t should be replaced.
Distorted or hardened gaskets cannot be properly scated.

8.7.4 CHLGRINE HOUSING

The chlorine cyvlinders and feeders should be housed in an isolated room, casily
accessible, close to the point of application and convenient for rruck loading and safe
container handiing. The floor should be at least 15 em above the surrounding ground and
drainage should have at least two exit doors or bulding should have at least two exit doors
for cross ventilation that allows an approximate atr change in 10 minutes. For small
installations, provision of ventilator opening at the bottom, one opposite the other 1
adequate.

Separate and reasonably gas tight enclosures opening to the outdoors should be provided
for housing the chlorine feeding equipment i large installations and 10 buildings occupied by
persons. These enclosures should be vented 1o the upper atmosphere and cquipped with
positive means of exhaust (near the foor tevel, at the center of the room or opposite to the
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entrance) capable of a complete air change within 2 to 4 minutes n an emergency. A

satisfactory ventilation scheme involves a combmation of fresh air and exhaust syster,
consisting of fans that force the fresh air into the enclosure through apenings near the ceiling
with exhaust fans 1o clear away any chlorine contaminated air near floor level.

The design of the exhaust svstem should not include the natural ventilation that may be
1.

avade:
8575 CHLORINE EVAPORATORS

Chlonne vapotizers, better known as evaporators, are needed whenever conditions
requice the withdrawal of liquid chlonne from the containers. Fypncally, this action s
necessary when the daily chlorine requirements exceed 100 1o 1000 kg/24 hr and would
require the manifolding of an excessive number of containers. Povaporators provide the heat
pecessary o vaporize or change the liquid chlorine to the gaseous state so that it may be

handled i the normal fashion by the other components of the chlodnation system.

As evaporator consists of a chlorine pressure vessel to which heat can be applied under
controlled conditions, the source of hear may be electacity, steam or hot water with several
differcnr models and versions available from different manufacturers, ” he most commonly

used madels are electrically heated and have maximum rated capacities of 150 kg/hr in all
cases the source of heat (s ihawtm"x;xs;t::?zf,:i{:n}l‘v controfied to mamtain constant temperature and

ensure a superheated chlorine gas output,

The hquid absorbs heat from the warer chamber through the wall of the pressure vessel
untd 1t reaches the vaporization termperatute and bois, releastng chlorine 2as. With the
chlornanon systern i operation, gas 15 withdrawn from the pressure vessel, allowing more
hiued to enter the system and continue the process, The gas leaving the vessel contaces the
hot upper wall and causes the gas 10 be heated o a higher or superheated temperature.
Baffles raay be used to assist heat teansfer.

Az heat s absorbed by the chlorne, the water 15 cooled until it drops below the control
themmosiat setting and causes the electric immersion heater to be actuated. The heater
rermams on untdl the water reaches the upper vt of the thermostat, At this poitit, the heater
i shut off and this cycle 15 continued as long as the evaporator is in use. As chlorine is
vaporized, any smpuritics contained in the lhquid are left hehind, coating the inside surface of
the pressure vessel. This coating acts a5 an insulator that inhibits heat transfer from the water

o the chlonne and necessitates higher and figher waterbath  temperature  settings.
Pvenrually, the pressure vessel will require cleaning as the evaporator will be unable to
vaponize the desired amount of chlonne gas at the desired degree of superheat. The
frequency of cleaning will vary from installation fo installation and 15 a function of chlogine
purity and the chlorine feed rate. The evaporaior manufacturers cleaning nstructions should
be followed closcly for best results.

Typreally, evaporators are supphed with varous gauges and controls, in addition to the
COTMIOL thermostat, to permit simple, safe operation. Taken in dividually, they include the
%E:}%i@\zzmg :
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o Control thermostat senses water temperature and turns heater on and off tw

control water bath ternperature,

&

Waterdevel gauge is a2 sipht glass thar peomits the operator fo observe the

water-bath tevel

o Chlorine bath-pressure gauge indicates chlorine pas pressure within the pressuse
vessel,

& Chlorvine-gas-temperature gauge indicates temperatute of the superheated chlorine

gas leaving the pressure vessel
@ Water-temperature gauge mdicates the tomperature of the water bath,

o Low-water-temperature switch actuates a persist lower-water bath termperature,
which normally indicates loss of the heates systemn. The switch may be used to
actuate an alprm and antomatically close the chlorine gas shut off valve to avoud
the pulling of ligquid chioring nto the gas system,

¢ ITgh-water-temperature switch actuates a2 persist high-water bath teraperature.
Excessive ternperature may be caused by fadure of the heater controls, which
allows the heater to remain on ot by loss of water from the water bath. "The switch

may be used 1o actuate an alanm and tuen off power to the electric heater.

@ Low-waterlevel switch actuates a oersist low-water bath level, caused by a fadure
of the water-supply systerm Swirches may be used to actuate an alarm and

automatically open a water valve,

s Magnetic heater contactor acts in response to the control thermostat to encrgize or

deenergize the electoc immersion heater,

& Cathodic protection protects from corroston all metal surface of the evaporator m

confact with water.

®  Vent alarm switch actuates whenever gas flow occurs in the vent line and indicates

that the gw---pm&asm@wrc%mr valve has opened.

#  Luquid chlonne expansion tank protects the hguid chlonne piping system from
damage due to over pressure by offering a chamber into which the liquid can
expand. This tank s strongly recormmended for mstallation in any section of lquid

pipmg which may be purposcly or sccidentally 1solated by closing valves,

Some or all of the aforementoned controls, gauges and accessortes mav be supphied with

N ﬁ?&'ﬁp(}l"’(ﬂ(}f.
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8.7.6 ANCLaky EQUIPMENTSE

8.7.6.1 Weighing Machines

Weighing scales are necessary to recotd the weight of chlorine used in 24 hours which
would serve as a check of the daily consumption and also enable the cylinders to be changed
when they get empty.

£.7.6.2 Personnel Protection Equipment

Severe exposure and potential health hazards exist wherever toxic compressed gas and
other respiratory rroitanis are handled, or used. An approved gas mask should be provided
for every emiployee mvolved with handling them. Additionally, suitable protective equipment
for emergency use should be avatdable outside rooms whete hazardous materials are locared
near the entrance, away from areas of likely contamination. Such equipment might be
provided m several locations at larger mstallations,

Cantster type gas masks with a full face piece and spectfic or all purpose commodity
cantster should be used only for relatively short exposure pentods and only if st has been
clearly established that sufficient oxvgen 1 present (not less than 16% in atr) and that
contarmnation does not exceed the allowable level (1% of chiorine). Canister masks might
not be useful m emergencies sinee these criteria might not be readily ascertained, especially if
suttable forced ventdaton schemes are not provided. Regular replacement of overage
canisters, even though urused, 5 recommended.

selt-contained breathing apparatus, with a full face piece and a cvlinder of atr or oxygen
carried on the hody or with a camster that produces oxygen chemically, 1s suitable for high
contaminant concentiations and 15 the preferred means of respiratory protection. Protection
15 provided for a penod that vanes with the amount of air, oxygen or oxygen producing
chemicals carned.

Respiratory protective equapment should be carefully mamiained, mspected and deaned
afrer cach use and at regular nwervals, Defoctive or moperable equipment is worse than none
at all. All such equipment should be used and mamtamned in strict accord with the
manufacturer's mstructions. No person should enter contaminated areas unless attended by
an observer who can rescue ham i the event of respirator fatlure or other emergencies.

e s good practice to provide eve-protection devices (or masks with full face picces) and
other protective clothing for workers exposed o hazardous materials. Emergency showers,
cye baths or other suttable water-flush systems should be provided m convenient locations
for use by accidentally exposed personnel. Installation of an automatic chlorine leak detecior
with or without visibie or audible alarm, should be considered.

8.7.6.3 Chlorine Deteciors

Continuous monttoring of atmosphere in arcas where chlorine is stored and fed s an
nnportant aspect of any safety programme. Instruments for this purpose are called chlotine
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detectors, which are not to be confused with the detectors used for measuring residual
chlorine wn water.

Concentrations are expressed as ppm by volume in air, not as parts per mdlion parts by
weight, as the expression s used to denote concentrations in water. For comparson, 1 ppm
of chlorne by volume in air is equivalent to 3 mg/m’ of air. The threshold of odour
nerception 1s about 3 ppm.

Two types of detectors are avatlable. In type 1, the aw to be sampled s dirccted 1o 2
rotatng drum covered with a stap of sensitized paper. The paper 18 white and light s
reflected from 1 to 2 photoelectric cell. The current from the cell is amplified and vsed to
keep an clectric relay open in an alarm circwe 1 the air sample contains chlonne, the paper
darkens, the light 15 absorbed, the current from the photwelectrie cell drops below to that
required to keep the relay open and thus the alasm croutt 1s energized.

In the second type, air from the point or pomis of sampling is drawn to the detector by
an aie pumyp through a filter and flow rmeter that indicates the sample flow rate. The aw
sample 15 directed to an electrochemical sensing cell, the electric ourput of which increases
with the presence of chlomne. A meter movement s tcorporated to ndicate visually the
strength of the chlorine m awr and an adjustable switch 15 included to provide a contact
closure for remote audible/visual alarms or an exhaust fan,

8.7.6.4 Automatic Changeover Systemn

Increased emphasis on the need for uninterrupted chlorination has led to the use of
automatic changeover systems, particularly at unmanned stations. The basic concept of these
systems 18 to switch from a depleted source of chlorine to a stand by source automatically
without the presence of an operator, Several methods have been used to accomplish this.
One system consists of electrically operated chlorine shut off valves, actuated by a
chlorine-pressure switch that senses the loss of chlonne pressure due to empty cylinders.
Another system uses two pressure-teducing valves, each attached to its own source of
chlorine and mamfold on the downstream sides. The pressure settings of the two valves are
adjusted so that the valves control at pressure approximately 5 psig apart. Since 2
pressure-reducing valve will not open untd the downstream pressure 1s lower than its setting,
the valve with the higher setting opens first, allowmg gas to flow through the valve from its
source. This process continues untl the first source s depleted and the downstream pressure
drops to the setting of the second valve, at which point it opens and chlorine flows from the
standby source.

The recent development of small cylinder-mounted chlonnators has added more types of
autormnatic changeover systems to the market place. It s not necessary to detail the operation
of each, but merely to state that they meet the basic need of permitting contimuous chlorine
feed in a simple, inexpensive manner fot even the smallest gas chlonmation factities,

8.7.7 SAFETY CONSIDERATIONS

(y  Only tramed personnel should be permitted to handle chlotne cylinders and
chlonnating equipment. They should be made aware of the hazards involved, the
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(h)

precautions to be observed and first aid to be rendered m emergencres. Rubber

gloves, aprons and suitable gas masks should be provided. These should be housed
in an easdly accessible (unlocked) eupboard placed owside the chlomnator room. Tt
is very wnportant that the operating personnel are tramed 1 the proper use of gas
masks. A faulty gas mask is worse than none at all. Hence it s very important that
these are tested frequently and the contimners are changed at proper intervals,

When a chlonne leak occurs, the mechanical ventlaton systemn should be opened
immediately before any person enters the chlosine room. Tt must be made a point
that chlorne contamer valves are closed first before any mvestigation 1s started.

Cylinders contaming chlonne should be handled gentdy. They should not be
burnped, dropped or rolled on the ground and no object should be allowed to
strthe them with force. The protective hoods over the valve should always be kept
in place except when the oyhinders are i use. Plames should never be apphied o
chlorme cylinders ot thew valves,

Cylinders should not be stored in the open or m damp places. Emoty cyvhinders
should be stored away from [l ovimders so that they do aot get mixed up. It

would be desirable to tag the emptics as an addmonal precavtion. Incidentally, this
will ensure prompt setum of used cvbinders.

In ease the valve s found o be stuck, the cyhinder should be srmedsately returned

to the suppher. No attempt should be made to case a stuck vabve by hammer, as
thes 15 very dangerous.

{..hﬁf; the spanners prescobod for use should be used as o important not fo put
too much feverage on the valves,

!

Cylinders as well as the chlonnarors must be resred at the stave and end of every

shift peniad, for feaks, first by trvmng 1o detect the sharp seetanag smcll of chlonne,
then by passing over cach ovliinder and around cach valve and pipe connections a
rod, with a small cotton-wool swab tied on the end, dipped in an aqueous solution
of ammonia. Any Jeakage noticed anvwhere must be attended  smmediately
otherwise same 18 going to lead major trouble i the plant 1 chlovine i present m
the air, the swalb will appear to smoke” due 1o the formanon of white clouds of
ammomuim chlonde. IF the leak appears ro be heavy, all persons not directly
concerned should leave the arca and the operator should put on his mask and
make a thotough search for the leak, Tn tracing a leak, abwavs work "down stream’
re stare ar the oviinder and work down along the line of fow unnl the feak s
found. Tt will save many valuable minutes over the practice of starting in the
middle of the chloonator and scarching vagucly back and {orth over the whole
cquipment.

Water should never be applied to 2 chlomne leald 1o stop 1t as i will only make w0 1
the leak s m the chlormator, the ovlinder should be mmmediately shut off unut the
pressure has reduced. The jomt or gasket should be reparred replacing wiath new
packing, if necessary.
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(1) Solvents such as petroleum, hydrocarbons or alechels should not be wsed for
cleaning parts which come in contact with chlonne “The sate solvents are
chioroform and carbon retrachloride. Grease should never be used where i can
come in contact with chlonne as it forms a voluminous frothy substance on
reaction with chlonne, Only special cements cecommended by manufacturers
should be used. .

i No direct flame should be applied o a chlonne cvlinder, when heatng becornes
necessary, as this 18 hazardous. A water bath contzolled ﬁo&. to exceed 277 € should
be used.

k) Before disconnecting the fexible lids from contamers o gas headers, the cylinder
valves should be closed frst and then the pas under pressure should be diawn
fromm the header and flexible lids before the header valve 18 closed. The exhaust
systern should be tumed on and opersted while the olinders are bemng
disconnected or repairs being made,

8.7.8 HANDLING EMERGENCIES

As soon as there 13 indication of a chiorine Jeak or other abnormal condition, corrective
steps should be taken. Leaks never get better by themselves; they always get worse if not
oromptly and suitably repaired. Authorised trained personael with swtable gas masks should
investigate and all other persons should be kept away from the affecred area. The ventlation
system should be placed in (}p@m%‘irm wrmediately, Unconfined chlorine, brmg heavier than
air, tends to He close to ground levels (the characteristic must be kept in mind in designing
chemical storage and use areas and appropriate natural or mechanical ventilation system). 1f
leaks cannot be handled promptly, the chernical supplier or nearest office or p}am of the
producer should be ealled immediately for emergency assistance.

In case of fire, containets should be removed from the fire zone wnmediately. Portable
tanks, tank cars, truck and barges should be disconnected and if possible, should be removed
fromn the fire zone, 1f there are no leaks, water should be applied to a lesking chlomme
container. Chlorine is only slightly soluble i water and the corrosive character of its reaction
with water always will intensify the leak In addition, the heat supplied by even cold water
will increase the vaporzation tate. Leaking chlorine contaners simiady should not be
thrown into a body of water because the leak will be aggravated and the contamer might float
when stll partially full, allowing uncontrolled gas evolution at the surface.

If a leak occurs i equipment ot piping, the supply should be discononued and the
material under pressure at the leak should be disposed off. Leaks around contamner valve
stems usually can be stopped by tightening the pack out or gland. It this action does not stop
the leak, the container valve should be closed and material under pressure in the outlet
piping should be disposed off. If the valve does not shut oft nght, the outlet plug or cap
should be applicd. In the case of a leaking valve of a ton conmainer, the container should be
positioned so that the valves are ina m,:,tm,a} plane with the leaky valve on the top.

If one is confronted with other container leaks, one or more of the following procedures
should be considered:
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{1 Position cylinders or ton containers so that gas mstead of liquid escapes. The
containers may be insulated with sacks, earth etc to decrease absorption of heat
and the discharge rate.

(1) Apply appropriate emergency capping devices, if avalable.
Gif)  Call the supplier or neatest producer for emergency assistance.

(iv)  If practical, reduce pressure in the contamer by removing the gas to process ot
suitable disposal system. Caustic Soda, soda ash or other sustable alkali absorption
system should be provided for disposing of chlosine from leaking cylinders and ton
containers (100 kg of Clz can be neutralized with 125 kg of caustic soda),

(v)  In some cases it might be desirable and possible to move the contamer to an
isolated spot where it will do the least harm,

8.7.9 PERSONNEL TRAINING

Safety in handling hazardous matevials depends to a great extent, upon the effectiveness
of employee education, proper safety mstractions, intelligent supervision and the use of safe
equipment. Training for both new and old cmployees should be conducted pericdically to
maintain 2 high degree of safety in handling procedures. Employees should be thoroughly
informed of the hazards that may result from improper handling, They should be cautioned
to prevent leaks and thoroughly instructed regarding proper action to take m case leaks do
occur. Fach employee should know what to do i an emergency and should be fully
mformed about first ard measures.

In addition, employee traming should encornpass the following:

(1) Instruction and periodic dall or quiz regarding the locations, purpose and use of
emergency  fire-fighting equipment, alarms and  emergency  crash shut-down
equipment such as valves and switches.

({)  Instruction and periodic deill or - quiz regarding the locations, purpose and use of
personnigl m‘()tcﬁ:éwj cquipment.

(i) Instruction and periodic deill or quiz regarding the locations, purpose and use of
safety showers, eve baths, bubblier drinking fountains and the closest source of
water for use in emergenaies.

1w Tnstruction and pedodic deill or quiz of selected emplovees regarding the locations
p i § p b e *
purpose and use of respiratory first axd equiprment.

(vi Instruction o avoid mhalation of toxic vapours and all direct contacts with
corrostve lquds.
(vi)  Instruction to report to the proper authonty all leaks and equipment falures,
8.8 CHLORINE COMPOUNDS
Chlotine may also be applied in the form of compounds such as bleaching powder or as

calcium or sodrum hypochlosite which make the chlotne available when they come mto
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contact with water. These are used for disinfection oFf small warer supplies having capacities
upto 0.5 mid.

(1) Bleaching Powder

Bleaching powder 15 a vanable muxture of calomm hydroxide, calotum chloride and
calctum hypochlorite. When it 15 mixed with watce, the calaium hypochlonte decomposes
into calcium chloride and chlorine. The action exerted by bleaching powder, is therefore,
simutar to that of gascous chlorne 1 water. Bleaching powder 18 characterized by its content
of avatlable chlorine re. the chlorine which can be liberated by complete reaction with water,
Commercial brands have an available chlorne of 20 to 30% 1e. 20 to 30 parts by weight of
chlorine per 100 parts by weight of bleaching powder,

Bleaching powder 1s gvnr“*ml]v made into a thin sharry with the water and the supernatent,
which contains the chlorine w0 solution, 15 applied to the warer by a swtable feeding
mechansm such as a float operated gravity box. In every installations, the solution may be
applicd through a drpfeed mechanism. Devices which can give constant feed can be easily
fabricated. In the case of well supplics, bleaching powder solution may also be introduced at
the suction swde of the pump. An mjector may be fited on a bleed line on the pump
discharge to suck the solution of the powder in proportion to the flow of warer. A very
simple method mvolving the use of porous casthenware cylinders which can be %‘utsm'mif*d 11
wells has been developed 1 the country. "This method offers promise in the chlorination of
rural water supphies where cost and rechnical skill have o be kept at a minimum.

Since bleaching powder contains only around 30% avatlable chlorine, its use mvolves the
extra expense of ransporting and stonmng the men material, The cost s further increased
because the matertal 15 sold m noneerurnable drams which have no salvage value,
Purthermore, bleaching powder ss an unstable compound and loses its available chlorine on
storage. All these constderations make its use uncconomical except in very small installations
ot for spectal cases such as dismfection of mains.

(b} Hypocilorites

The chemicals used are Sodium Hypochlonie and Caloium Hypochlorite. memil
fortified brands of Caleiumn Hypochlorite such as Perchloron and Figh Test Hypo (HTH)
can have 00-70 per cent available chlorne, Caleium Hypochlonite can be fed cither in the dey
or solution form, whide Sodum Hypochlonie 1s fed as solution. The solution form s usually
preferred. Corrosion resistant materials such as ceramics, glass, plastic or special rubber
should be used while handhing hypochlonite sohuions. Generally 1 to 2% chiorine solutions
are prepared and fed directly through solution feeders. Usually constant head gravity devices
with adjustable ortfices are used to dose chionnce solution in the fanks. These can be fed
through chemical proportionmg pumps and can be injected under pressure into pressure
pipe hnes by venturt or ordice feeders,

(¢} Clilorine Dioxide

Chi winfs chonide 15 an unstable gas. 1t formed by reacting a strong solution of chlosine
{7500 mg/1 of CLat pH 3.5) with Sodium Chlorite,




Cl,+ 2NaClO, == 2010, + 2NaC]

Theoretically ratio of Chlonne to Sodmm Chlorite 18 10 2.6 . In pract tice, however, a large
excess of chiornne s gener rally applied in order to avoid unteacted chlorite in the treated
water, C E‘ﬂcmtm dioxide is unstable and subject to explosion m gasecus form but aqueous
It has been reported to be a good bactericide and 15
bactericidat ef {lc...me.q s relatively unaffected by ph between 6 and 16, Tt 15 2 good sponteide
and a strong oxidant 1t does not combine with ammonia and most organic impunties before
oxidizing them. The common dasages of chlorine dioxide range from 0.2 to 0.3 mg/1.

solutions of the gas are stable and safe.

Although chlorne dioxide 15 uself 2 disinfectant, the excess of chlorme used m its
generation, rather than CIO, is generally counted upon to achieve disinfection, It can be
effectively used for destruction of tastes and odouss, particularly those which are cuused by
phenolic substances,

8.9 DISINFECTION METHODS OTHER THAN CHLORINATION

Chiorine and its compounds are most widely used for disinfecton because they meet the
requiternents of o good disinfecrant more &?Eh then any other dumfectant. However,
possible formation of carcinogenic byproducts by reaction of chlonne with some organics
and enhancement of tastes and odours due to the reactions of chlorine with same water
constituents hzm'@ been reported.

Various other agents of disinfection are available and some of them such as ozone and
ultraviolet rays are finding increasing usage in water treatment practice. Broadly, three mam
tvpes of disinfectants are: (1) Physical agents mcluding heat, (2) Chemucal agents and (3)
Radiations of various types such as Ultraviolet rays, Gamma ravs and Xeravs. Some of these
disinfecrants are discussed in subsequent sections.

8491 HEAT

Boting of water will disinfect 1t This practice, however, cannot be used fo dismfect
rauricipal supplies for economical reasons, Boding of water 1 applicable for dsinfectng
mdividual’s draking water i emergencies like accidental contamination of publc water
xupph or dunng epwdemnic breakout. The thermal resistance of different microorganisms and
virases vanes significantly with spores being upto 3,000,000 times more reswstant than B
Colt, Viruses and bacteniophages. As no smportant watmmbﬂmc disease s caused by spore
i’“{}%:mzfzg bacterta or other heat ressstant organisms, botling of water can render the water safe
ﬁ;z dunking purposes against diseases. Continuous-flow-water-pasteurises with flow rates of
HOOO Iphy are also avalable.

8.9.2 CHEMICAL DISINFECTANTS
Chemical dismfectants are commonly grouped under following categories:
(1} Onadeznig chemicals mncluding halogens, ozone and other oxidants such as
potassium permanganate and hydrogen peroxude.

(1) Metal ions.
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(1) Alkalies and Acds.

{1v)  Surface active chernicals.

8.9.2.1 Halogens Other Than Chlorine

Halogens are oxidizing agents and include fluorine being the strongest and iodine the
weakest oxidizing agents. However, disinfecting efficiency does not correlate directly with
oxidizing capacity of a disinfectant. As fluorine can oxidize water, it cannot be used for
disinfecting water,

Bromue 15 a heavy dark reddish-brown liguid which upon addition to water forms
Hypobromous acid (HHOBr), the dissoctation of the acid resulting in formation of
hypobromite 1on (OBe). Bromine also reacts with ammonia i water to  form
monobromanine and dibromanine. No stable tribromanine is formed. Monobromanine is a
strong bactericide almost as strong as free bromine in contrast to monochloramines.
Bromine has been used for disinfecton of swimming pool waters on a limited scale.
However, because of its higher cost and less effectiveness, its use for public water supply has
not found acceptance.

fodme 13 a blush black solid and its addition 1o water yields Hypoiodous acid (11O1) and
Hypoiodite (10}, lodine reacts less with organic matter compared to chlorine and is telatively
stable in water. At pH = 7, the percentage of odine, Hypoiodous acid and hypotodite 1on
have been reported to be 52, 48 and U for a total iodine residual of 0.5 mg/1L Both odine and
Hypotodous acids are equally good dismfectants. Todine does not react with ammonia to
form iodamines but oxidizes ammonia. Tt also oxidizes phenols. Because of these reasons,
less iodine is required to obtain free iodine residual,

lodine has been used for dsinfection of swimming pool waters and small quantitics of
water m - field. JTodine tablets {eg of twetraglycne hydroperiodide) have been used by the
Army. lodine s less dependent on pll, wemperature, time of contace and nittogenous
impurities than chlorne and can also kill amocbic cysts which chlorine does not. It has the
same disinfecting power as chlorine. Because of certain advantages over chlorine, 1odine s
better for post disinfection than chlorine providing longer lasting protection against
pathogens and reduced offensive tastes and odours. lowever, 1t is more costly than chlorine.

8.9.2.2 Ozone

It 1s a fantly blue gas of pungent odour. Being unstable it breaks down to normal oxygen
and nascent oxygen. This nascent oxygen is a powerful oxidizing and germicidal agent.
Ozone is produced by the corona discharge of high voltage electricity into dry air. Ozone,
being unstable, has to be produced onsite.

Qzone possesses more superior bactericidal propertics than chiorine and s highly
effective in removal of tastes, odours, colout, iron and manganese. As ovone reacts with
chemical impurities prior to attacking the mictoorganisms, it produces essentially no
disinfection unless ozone demand of water has been satisfied but much more rapid kills arc
achieved, once free ozone residuals are avatlable. Studies have reported 99,997 kil of 1.Coli
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oo avadable orone Ozonu

within less than 100 seconds in the presence of only 10 bg/1 ol
is effective in killing some chlopne resistant pathogens lthe cvsrs and cortain virus forgms.
Ozone, unlike chlorine, does not impart offensive tastes and odours to wates, nor does it
nsually produce toxic substances such as chlorinated hydrocarbons, Further the efficiency of

disinfection by Ozone is unaffected by pH or temperature of the water over a wide range.
Among the disadvaniages of crone treatment are:
0! 1ts high cost of producton,
() Inability to provide restdual proteciion against recontammation.
iy Tts generation onsite due to unstability,

However, despite these disadvantages, ozone has been estenstvely used i Hurone for
disinfection of municipal water supplies.

£.9.2.3 Potassinm Permanganate

Potassium permanganate 15 effective in removal of faste and odour and morganic
impurities such as iron, manganese and hydrogen sulphide besides possessing noticeable

disinfecting properties, [t is more expensive disinfectant than chlonne but hag the advantages
of not producing offensive taste, odour and/ or potential boNICItY,

#.9.2.4 Metal Jons

Several metals including silver, copper, metcury, cobalt and nickel possess significant
bactericidal properties. However, except stlvet, none has been found surtable for disinfecting
drinking water supplies. Silver is relatively meffective agamst viruses and cysts m acceptable
concentrations. Long detention periods are required but very low concentrations of the order
of 15hg/1 are sufficient to destroy most organisms, Silver ean be ntroduced in water cither i
the form of a sifver salt or by smmersing sidver or silver-coated electrodes in the water and
applying an electrical potential. Successful applications at 100 V have been reported. As the
solubility of most silver salis is adequate, enough silver 1on may dissolve which is conswdered
sufficient for most disinfoction purposes.

8.9.2.5 Acids And Bases

Addition of acids or bases resulting in pH values below approxtmately 3 and above
approximately 11 creates toxicity and pathogens do not survive long in such waters.
Increased acidity and basicity increases ionic strength and osmotic pressure which are
suggested to be responsible for the destruction of cells.

Disinfection of water is achieved during Lime-soda softening process due {0 mcreased
oL, However, explicit use of acids and alkalies for the sole purpose of disinfecting watet 18
not commonly practiced. Changes in pll may have ratked effect on the efficiency of
disinfection by certain chemical disinfectants such as chlorine.
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£5.53 BADIATION

1

Several types of radiations including uitravioler, ;v;z-s'm"a'w and Moravs and microwaves are
cited in literature, for destruction of w;m{m-t;m"‘aiw”w While high encrgy gamma rays of 110
and 1.30 million electron volts (Mev) are emitted by co ‘%n.ﬁﬁiu-m‘iéj evays are produced by
glectron bombardment of a heavy metal farget m an svacuated Xoray twbe The wave *imyr&"‘n
of gamma cays corresponding to 110 Mev 15 0.03360 AY compared to the mmskugﬂim of

2537 A" of ultraviolet rays, making gamma rays one mitlion rimes as powerful and gving
e even against spores and

e great § ﬂvmwmiﬂw m{;gﬂ rrics. {rarama TAYS afe l“ !u elfectiv
viruses, Death of cells tesults from wonization ff*;‘w“wm within cell mole cules and secondary
radiation effects and chemical reactions due to production of Cunstable atoms, free mdicals

08 &
and other chernical species formed by the mteractons of grmma rays w ith organic - molecules
present in water. A a§()§>=,?1g%}3 of 10,000 to 150,000 wmds {1 wmd = 100 exgs per gm.) to the

substilss thdﬁ s difficult to kill, ¥-rays
FHoweves, because of the high costs

sticny of Bacili

organisms s sufficient with the e

!
also have been found to be suitable for kiling i"sgéaz;.:i
involved and other uvnfavourable 3“«?{‘;;:«1“:-@% of leaving no residual pt rotection agamst

cal applications i watetr reatment

recontamination, these have vet to find large scale pract:

%

Drac R tori

£.8.3.1 Ultraviolet Radiation

1t was observed that exposure of water to sunlight and artid oh
-5 of intense sunlight or artificial ]:33;’; 1t are Primar h dzis;
1, 4;&1;@;.!55&3 15 herediy

of ogganisms. These bactericidal offe

to wliraviolet rays. Ultraviolet radiation may kill 2 cell, tetard its growt
s ey

by genemutation. Depending upon the dose ol rad ion and the particular portion of the cell
Ao i [ § i

receiving radiation, one or several © £ the above mentloned three etfects may occur
y i i
0.0650 A is recommended for mazimurm destouction of cells.

Wavelength region from 250
Ultravioler ravs are most commonly produced by a low pressure mercury lamyp
s produces a narrow band of

constructed of quartz or w;%mmi glass which 15 transparént anc
radiation energy at 2537 AY emitted by the mercury-vapout
achueved if

SHfictent disinfection can be

1) Water is free from suspended and collowdal substatices causing turbidity.
() Water does not contain light absorbing substances such as phenols, ABS and other
aromatic compounds.

and 15 well muxed,

(i) Warer is flowsng in thin films o sheets

(v)  Adequate intensity and time of exposure of UV-rays is applied

About 2% of ffppﬁm energy of utraviolet rays may be reflected and some energy 18
wation of mdiant energy. Bven distilied

absorbed by the impurities present leading 1o atis

water will absoth about 8% of the applied energy for a water depth of 3Umim, mncluding
surface reflection of 2%, Presence of lron even at low concentration of Trag/1 may drastcally
mcrease absorption by over B0%. Water d epths of about 120 mim are recommended for
efficient disinfection.




Intensity of ultraviolet ravs is expressed in torms of germicidal unit which 15 an mtensity
of 100 mw per sq. cm. at wave length of 2537 A” Tt has been reported that Fscherichi Colt
kills  of 999999, and Y0% can be achieved by ultravioler rays of 3000, 1500 and 750
mWesee per sgom. Typically a 30 wate lamp could achieve 99.9% kill for water flows of
approximately 2.5 to 17.0 m’/hr hr for water depths ranging from 125 to 880 mm
approximatcly assuming 20% absorpiion of ultraviolet rays.

The advantages of ultraviolet radiation are that exposure 1s for short periods, no foreign
matter 15 actually mtroduced and no taste and odour produced. Over exposure does not
result in any harmful offects. The disadvaniages are that no residual effect 1s avatlable and
there 1s lack for a rapid fiddd rest for assessimg the treatment efficiency. Moreover, the
apparatus needed 18 expensive.
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9.1 INTRODUCTION

Water treatment involves physical, chemical and biological changes that tansform raw
watet into potable water. The treatment process used in any specific instance must depend
on the quality and nature of the raw water. Quality requirements for industrial uses are
frequently more stringent than for domestic supplies. Additional treatment may be required
by the industry like demineralization of boiler feed water to prevent scale deposit.

Water treatment processes may be simple like sedimentation or may involve complex
phystco-chemmical changes, as with coagulation. The specific treatment processes wnclude
control of algae, control of taste and odour in water, removal of colout, softening, removal
of won and manganese, defluoridation of water, demineralization of water and corrosion.

9.2 CONTROIL OF ALGAF
9,2.1 GENERAL

Algae give sise to a vatiety of troubles in water supplies. They impart odours and tastes to
the water. Synura causes a perceptible odour, Asterionella, Meridion and Tabellaria produce
aromatic odour. Algae like Dinobrvon, Peridinium, Uroglenopsis, Asterionella and Tabellara
produce  fishy odour.  Grassy odour 15 caused by  Aphanizomenon, Anabaena,
Gomphosphaeria, Cylindro-spermum and Revularia, Septic odour 15 caused by Cladophora,
Hydrodictyon, Ceratium, Aphanizomenon, Anabaena and Cyhindrospermum. \When algae
like Microcystis, Anabaena and Aphanizomenon die en mass and decay, they produce foul
odours,

Some algae impart sweet or bitter or sour tastes to water. Algae like Nitella, Geratium and
Synura give nse to bitter taste, while algae such as Chara, Fuglena, Aphantzomenon,
Microcystis, Cryptomonas and Gomphosphaeria impart sweet taste to water.

Algae interfere in the process of flocculation and sedimentation. Algac like Asterionella
and Synedra prevent floc formation. Water containing Gomphosphaeria and Anabaena need
to be agitated for proper floc formation. They buoy up the flocs and carry into the filters,
They choke the filters and as a result reduce the flter runs, Algae associated with filrer
clogging are Asterionella, Fragilaria, Navicula, Synedra, Cymbella, Diatom, Oscilatoria,
Rivularia, Trachelomonas and Closterum. Algae like Synedra and Oscillatoria can pass
through rapid sand filter. Algae such as Fuglena, Phacus, Navicula, Nizschia and
Trachelomonas get through slow sand filter. These algae in distribution sysrem cause
biological corrosion.
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- : R - af the
Lyngbva, Anabaena, Cylindros fmzsmzm Nodularia and Microcystis are some of the

ay fever 18 caused by
o said to be due 1

common toxic algae ass sciated with fish and cattle mort fﬂm H
a Contorta, The gastromeestinal disturbances are als

Anacysns and Lynghy

abgal toxiciry.

Algae may be killed by treating the water with suitable chemicals. However, the pzcm*mmﬁf
of m{;wm o the aigae to establish themselves and then ;‘ii;is‘\grfm“’;g; algicidal measures has a
rmber of mmuﬁ antages, viz (1) the Juw of chemical required 15 greater than that needed, if
ent stages of growth (1) the dead algac decay and
provide a pabulum for a second crop

the trearment s (adogm.,d at the i

produce acute odour probiems (i) the dead algae
hicl aerally more prolific than the frst and also more resistant to the action of

therefore, gw‘{fﬁ‘wsﬁﬁs e to take all possible measures to discourage the growth of
algae and o reserve the use of algicides as a final treatment.

YRS FOR GROWTH

G228 UAUSATIVE FACT

ors such as nuipents i the water, the

Algal prowth is mfluenced by a number of fac
ability of sunlight, the character of the reservoir and temperature.

avail

92,27 Nufrients in Water
Nutrients Jike nitrogen and p%ﬂ:‘xﬁ;y}u"}'"w favour the growth of algae. Swamp water or

water i contact with decaving vegetation as well as water polluted by sewage contain large

anount of organic matters favounng certain types of algal growth. Among the vanous
mineral compounds, those of nitrogen and phosphorus ate paroculardy favourable and are
gencrally hmu,ﬁm in by apriculteral return waters and some mdusteal wastes. Algiadal

trestrments have Heted value when the water i rich i such nutrients because the condimons

are favourable for the growth of succeeding crops of algae.

%.2.2.2 Butrophication

FEutrophication s the process whereby lakes become enriched with nurments that make
the water undesirable for human use, b{\*"iz fm water %kipph(‘ aned recreation. f4'izl'111<i}§<"*;5~3"§fi'ﬁ'ﬁ;

if?ii‘tﬁg;():ﬁi?(’ takes aa:z;tm%’aiz:z;.z, 48

\.51é‘é;?;(ﬁf}%?*’.}%}E‘E’ECT fakes are matuient

poor, typical examples are » ﬁ;:f}%.‘;m-aa:m,a,,;. mountan .aah(\i ;md a sand bortomed, spring-fed lake

charactertsed by reansparent water, very hmted olant growth, and low [ish production. A
N

shipht increase o fertdhty results s a mesotrophic lake with some aguatic plant growth,
grecrush water and moder

producton of game fish. Huttophic lakes are nutrient rich.
Plang erowth in the form of mucrose
guality undesizable

: fﬁgm and rooted aquatic weeds produces a water

for body-contact and non-body contact recreanon.

9.2.2.3 Effects of Eutrophication

The process of cutrophication s directly selated to the agquatic food cham. Algae use
carhon

dioxide, morgane oitrogen. f>z‘&lﬁ’ze'«pi*&m;‘&?mrr“ and trace outnents for growth and

reproduction. These plants seeve as food for miceescopic animals (Looplankton), Small
Bshes feed on Zooplankton and large fishes consume small ones. Abundant nutrents
unbalance the ‘-ﬁ_‘u_n:"e‘rxzzfi suceession and promote blooms of blue-green algae that are not easty
utitized as food by Zooplankton, Thus, the water becomes turbid. Floating masses of algae
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