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LECTURE-1 
 

Module-1 
 

RawWaterSource 

Thevarious sourcesofwater canbeclassifiedinto two categories: 
1. Surface sources,suchas 

a. Ponds andlakes; 
b. Streamsandrivers; 
c. Storagereservoirs;and 
d. Oceans, generallynotusedforwatersupplies,at present. 

2. Sub-surfacesources orunderground sources,suchas 
a. Springs; 
b. Infiltrationwells; and 
c. WellsandTube-wells. 

 
WaterQuantityEstimation 

The quantity of water required for municipal uses for which the water supply scheme has to 
bedesigned requiresfollowingdata: 

1. Waterconsumptionrate(PerCapitaDemandinlitresperdayperhead) 
2. Population tobeserved. 
Quantity=PercapitademandxPopulation 

 
WaterConsumptionRate 

It is very difficult to precisely assess the quantity of water demanded by the public, since 
thereare many variable factors affecting water consumption. The various types of water 
demands,whichacitymayhave,may bebrokenintofollowingclasses: 
WaterConsumption forVariousPurposes: 

 TypesofConsumption Normal
 Range
(lit/capita/day) 

Average % 

1 DomesticConsumption 65-300 160 35 

2 Industrial and
 CommercialDemand 

45-450 135 30 

3 Public Uses including
 FireDemand 

20-90 45 10 

4 LossesandWaste 45-150 62 25 

 
FireFightingDemand: 
The per capita fire demand is very less on an average basis but the rate at which the water 
isrequired is very large. The rate of fire demand is sometimes traeted as a function of 
populationandisworked out fromfollowingempirical formulae: 

 Authority Formulae(Pin thousand) Q for 1
 lakhPopulation) 

1 
American
 Insurance
Association 

Q(L/min)=4637√P(1-0.01√P) 41760 

2 Kuchling'sFormula Q(L/min)=3182 √P 31800 



 
 

3 Freeman's Formula Q(L/min)= 1136.5(P/5+10) 35050 

 
4 

MinistryofUrbanDevel
opmentManualFormul
a 

Q(kiloliters/d)=100√PforP>50000 31623 

 

Factorsaffectingpercapitademand: 
a. Sizeofthecity:Percapitademandforbigcitiesisgenerallylargeascomparedtothatfor 

smallertownsasbig citieshaveseweredhouses. 
b. Presenceof industries. 
c. Climaticconditions. 
d. Habitsofpeopleandtheir economic status. 
e. Qualityofwater:Ifwaterisaesthetically&medicallysafe,theconsumptionwillincreaseaspeopl

ewillnotresorttoprivatewells,etc. 
f. Pressurein thedistributionsystem. 
g. Efficiencyofwaterworksadministration:Leaksinwatermainsandservices;andunauthorisedu

seofwatercanbe keptto a minimumby surveys. 
h. Costofwater. 
i. Policyofmeteringandchargingmethod:Watertaxischargedintwodifferentways:onthebasis 

ofmeter readingandonthebasisofcertain fixedmonthly rate. 

 
FluctuationsinRate ofDemand 

 

AverageDailyPerCapita Demand 

 
= QuantityRequiredin 12Months/(365xPopulation) 

 
Ifthisaveragedemandissuppliedatallthetimes,itwillnotbesufficienttomeetthefluctuations. 

 
 Seasonal variation: The demand peaks during summer. Firebreak outs are 

generallymore insummer,increasingdemand.So,thereisseasonalvariation. 
 Daily variation depends on the activity. People draw out more water on Sundays 

andFestivaldays,thusincreasingdemand on these days. 
 Hourlyvariationsareveryimportantastheyhaveawiderange.Duringactivehousehold 

working hours i.e. from six to ten in the morning and four to eight in theevening, the bulk 
of the daily requirement is taken. During other hours the requirement isnegligible. 
Moreover, if a fire breaks out, a huge quantity of water is required to besupplied during 
short duration, necessitating the need for a maximum rate of hourlysupply. 

 
So, an adequate quantity of water must be available to meet the peak demand. To meet all 
thefluctuations,thesupplypipes,servicereservoirsanddistributionpipesmustbeproperlyproportione
d. The water is supplied by pumping directly and the pumps and distribution systemmust be 
designed to meet the peak demand. The effect of monthly variation influences thedesign of 
storage reservoirs and the hourly variations influences the design of pumps 
andservicereservoirs.Asthepopulationdecreases,thefluctuationrateincreases. 

 
Maximumdailydemand=1.8xaveragedailydemand 



 
 

 

 
Maximumhourlydemandofmaximumdayi.e.Peakdemand 

 

=1.5xaveragehourlydemand 
=1.5xMaximumdailydemand/24 
=1.5x(1.8 xaverage dailydemand)/24 
=2.7xaveragedailydemand/24 
=2.7xannualaverage hourlydemand 

 
DesignPeriods&PopulationForecast 

 

This quantity should be worked out with due provision for the estimated requirements of 
thefuture . The future period for which a provision is made in the water supply scheme is known 
asthedesign period. 

 
Designperiod is estimatedbased onthefollowing: 

 
 Usefullifeof the component,consideringobsolescence,wear,tear,etc. 
 Expandabilityaspect. 
 Anticipated rate of growth of population, including industrial, commercial developments 

&migration-immigration. 
 Availableresources. 
 Performanceofthesystemduring initialperiod. 

 
PopulationForecastingMethods 

 

The various methods adopted for estimating future populations are given below. The 
particularmethod to be adopted for a particular case or for a particular city depends largely on 
the factorsdiscussed in the methods, and the selection is left to the discrection and intelligence 
of thedesigner. 

 

1. ArithmeticIncreaseMethod 
2. GeometricIncreaseMethod 
3. IncrementalIncreaseMethod 
4. Decreasing RateofGrowthMethod 
5. SimpleGraphicalMethod 
6. ComparativeGraphicalMethod 
7. Ratio Method 
8. LogisticCurveMethod 

 
 

 
 
 
 

 
 
 

 

http://nptel.ac.in/courses/105104102/Arithmetic.htm
http://nptel.ac.in/courses/105104102/Geometric.htm
http://nptel.ac.in/courses/105104102/Incremental%20inc.htm
http://nptel.ac.in/courses/105104102/decreasing%20rate.htm
http://nptel.ac.in/courses/105104102/graphical.htm
http://nptel.ac.in/courses/105104102/comparative.htm
http://nptel.ac.in/courses/105104102/ratio.htm
http://nptel.ac.in/courses/105104102/log%20curve.htm


 
 

LECTURE-2 
 

PopulationForecast byDifferentMethods 
 

Problem:Predictthepopulationfortheyears1981,1991,1994,and2001fromthefollowingcensus 
figuresofatownbydifferent methods. 

 
Year 1901 1911 1921 1931 1941 1951 1961 1971 

 
 
 
 
 

Solution: 

 

 

 

 

 

 

 

 

 

 

 

 
+=increase;-=decrease 

 
ArithmeticalProgressionMethod: 

 

Pn=P +ni 
Averageincreasesperdecade=i=8.57Pop
ulation forthe years, 
1981=population 1971+ni,heren=1decade 

=120 +8.57=128.57 
1991=population 1971+ni,heren=2decade 

=120 +2x8.57 =137.14 
2001=population 1971+ni,heren=3decade 

=120 +3x8.57 =145.71 
1994=population 1991 +(population2001 -1991)x 3/10 

=137.14 +(8.57)x3/10=139.71 
IncrementalIncreaseMethod: 

Population forthe years, 
1981=population 1971+averageincreaseperdecade+average incrementalincrease 

=120 +8.57+3.0 =131.57 
1991=population 1981 +11.57 

Population: 
(thousands) 

60 65 63 72 79 89 97 120 

Year Population: 
(thousands) 

Increment per 
Decade 

Incremental 
Increase 

PercentageIncrementper 
Decade 

1901 60 - - - 

1911 65 +5 - (5+60) x100=+8.33 

1921 63 -2 -3 (2+65)x100=-3.07 

1931 72 +9 +7 (9+63) x100=+14.28 

1941 79 +7 -2 (7+72) x100=+9.72 

1951 89 +10 +3 (10+79)x100=+12.66 

1961 97 +8 -2 (8+89)x100=8.98 

1971 120 +23 +15 (23+97) x100=+23.71 

Netvalues 1 +60 +18 +74.61 

Averages - 8.57 3.0 10.66 



 
 

=131.57 +11.57 =143.14 
2001=population 1991 +11.57 

=143.14 +11.57 =154.71 
1994=population1991 +11.57 x3/10 

=143.14+3.47=146.61 
GeometricProgressionMethod: 

Averagepercentage 
increaseperdecade=10.66Pn=P (1+i/100)n 
Populationfor1981=Population1971x(1+i/100)n 
=120 x(1+10.66/100),i=10.66,n=1 
=120 x110.66/100= 132.8 

 

Population for 1991 =Population1971x (1+i/100)n 
=120x(1+10.66/100)2,i=10.66,n=2 
=120 x1.2245=146.95 
Populationfor2001=Population1971x(1+i/100)n 
=120 x (1+10.66/100)3,i =10.66,n= 3 
=120 x1.355=162.60 

 
Populationfor1994 =146.95+(15.84 x3/10)=151.70



 
 

 

LECTURE-3 
 

IntakeStructure 
 

The basic function of the intake structure is to help in safely withdrawing water from the 
sourceover predetermined pool levels and then to discharge this water into the withdrawal 
conduit(normally calledintake conduit),throughwhichitflowsuptowatertreatmentplant. 

 
FactorsGoverning LocationofIntake 

 

1. As faraspossible,the siteshouldbenear thetreatmentplantso thatthecost 
ofconveyingwatertothecityisless. 

2. The intake must be located in the purer zone of the source to draw best quality 
waterfromthesource,therebyreducingloadonthetreatmentplant. 

3. The intake must never be located at the downstream or in the vicinity of the point 
ofdisposalofwastewater. 

4. The site should be such as to permit greater withdrawal of water, if required at a 
futuredate. 

5. The intake mustbe located ata place fromwhere itcan draw watereven 
duringthedriestperiodoftheyear. 

6. Theintakesiteshouldremaineasilyaccessibleduringfloodsandshouldnoygetflooded. 
Moreover, the flood waters should not be concentrated in the vicinity of theintake. 

 
DesignConsiderations 

 

1. sufficientfactorofsafetyagainstexternalforcessuchasheavycurrents,floatingmaterials,subm
ergedbodies,icepressure,etc. 

2. shouldhave sufficient selfweightsothatitdoesnotfloatbyupthrustofwater. 

 
TypesofIntake 

 

Dependingonthesource ofwater,theintakeworksare classifiedasfollows: 

 
Pumping 

 

A pump is a device, which converts mechanical energy into hydraulic energy. It lifts water from 
alower to a higher level and delivers it at high pressure. Pumps are employed in water 
supplyprojects atvariousstagesforfollowingpurposes: 



 
 

1. Tolift rawwater from wells. 
2. Todelivertreatedwaterto theconsumeratdesired pressure. 
3. To supplypressuredwaterforfire hydrants. 
4. Toboostuppressureinwatermains. 
5. Tofill elevatedoverhead watertanks. 
6. Tobackwashfilters. 
7. Topumpchemicalsolutions,neededforwater treatment. 

 
ClassificationofPumps 

 

Basedon principleofoperation,pumpsmaybe classified asfollows: 

 
1. Displacementpumps(reciprocating,rotary) 
2. Velocitypumps(centrifugal,turbineandjet pumps) 
3. Buoyancypumps(airlift pumps) 
4. Impulsepumps(hydraulic rams) 

 
CapacityofPumps 

 

Work doneby thepump, 

 
H.P.=wQH/75 

 
where,w=specificweightofwaterkg/m3,Q=dischargeofpump,m3/s;andH=totalheadgainstwhichpum
phastowork. 

 
H=Hs+ Hd+ Hf+(lossesdue to exit,entrance,bends,valves,and so 

on)where,Hs=suction head, Hd=deliveryhead,andHf=friction loss. 

Efficiency of pump (E) = wQH/Brake 

H.P.Total brakehorse 

powerrequired=wQH/E 

Provideevennumberof motorssay2,4,with theirtotalcapacitybeingequal to thetotalBHP 
andprovidehalfofthe motorsrequired asstand-by. 

 
Conveyance 

 

There are two stagesinthetransportationofwater: 

 
1. Conveyanceofwaterfromthesourceto thetreatmentplant. 
2. Conveyanceof treatedwaterfromtreatmentplant tothedistributionsystem. 

 
Inthefirststagewateristransportedbygravityorbypumpingorbythecombinedactionofboth,depending
upontherelativeelevationsofthetreatmentplantandthesourceofsupply.In the second stage water 
transmission may be either by pumping into an overhead tank andthensupplyingbygravityor 
bypumpingdirectly into thewater-mainfor distribution. 



 
 

FreeFlowSystem 
 

Inthissystem,thesurfaceofwaterintheconveyingsectionflowsfreelyduetogravity.Insucha conduit 
the hydraulic gradient line coincide with the water surface and is parallel to the bed ofthe 
conduit. It is often necessary to construct very long conveying sections, to suit the slope ofthe 
existing ground. The sections used for free-flow are: Canals, flumes, grade aqueducts andgrade 
tunnels. 

 
PressureSystem 

 

In pressure conduits, which are closed conduits, the water flows under pressure above 
theatmospheric pressure. The bed or invert of the conduit in pressure flows is thus independant 
ofthe grade of the hydraulic gradient line and can, therefore, follow the natural available 
groundsurface thus requiring lesser length of conduit. The pressure aqueducts may be in the 
form ofclosed pipes or closed aqueducts and tunnels called pressure aqueducts or pressure 
tunnelsdesigned for the pressure likely to come on them. Due to their circular shapes, every 
pressureconduit is generally termed as a pressure pipe. When a pressure pipe drops beneath a 
valley,stream,orsomeotherdepression,itiscalledadepressedpipeoraninvertedsiphon.Depending 
upon the construction material, the pressure pipes are of following types: Cast iron,steel, R.C.C, 
hume steel, vitrified clay, asbestos cement, wrought iron, copper, brass and 
lead,plastic,andglassreinforcedplasticpipes. 

 
HydraulicDesign 

 

The design of water supply conduits depends on the resistance to flow, available pressure 
orhead, and allowable velocities of flow. Generally, Hazen-William's formula for pressure 
conduitsandManning'sformulaforfreeflow conduitsareused. 

 
Hazen-William'sformula 

 

U=0.85CrH
0.63S0.54

 

 
Manning'sformula 

 
U=1/nrH

2/3S1/2 

 
where,U=velocity,m/s;rH=hydraulicradius,m;S=slope,C=Hazen-William'scoefficient,andn 
= Manning'scoefficient. 

 
Darcy-Weisbachformula 

 
hL=(fLU2)/(2gd) 

 
The available raw waters must be treated and purified before they can be supplied to the 
publicfor their domestic, industrial or any other uses. The extent of treatment required to be 
given tothe particularwaterdepends upon the characteristics and quality ofthe 
availablewater,andalsouponthequalityrequirementsfortheintendeduse.. 

 
Thelayoutofconventionalwatertreatment plantis asfollows: 



 
 

 

 

 

Depending upon the magnitude of treatment required, proper unit operations are selected 
andarranged in the proper sequential order for the purpose of modifying the quality of raw water 
tomeet thedesiredstandards.IndianStandardsfordrinkingwateraregiveninthetablebelow. 

 

LECTURE-4 
 

WaterDistributionSystems 
 

The purpose of distribution system is to deliver water to consumer with appropriate 
quality,quantity and pressure. Distribution system is used to describe collectively the facilities 
used tosupplywaterfromitssource tothepointofusage. 

 
RequirementsofGoodDistributionSystem 

 
1. Waterqualityshouldnot getdeteriorated inthedistributionpipes. 
2. Itshouldbecapableofsupplyingwateratalltheintendedplaceswithsufficientpressurehead. 
3. Itshouldbecapableofsupplying therequisiteamountofwaterduring firefighting. 
4. Thelayoutshouldbesuchthatnoconsumerwouldbewithoutwatersupply,duringtherepairofan

ysectionofthesystem. 
5. Allthedistributionpipesshouldbepreferablylaidonemetreawayorabovethesewerlines. 
6. Itshouldbefairly water-tightastokeeplossesduetoleakageto theminimum. 

 
LayoutsofDistributionNetwork 

 
The distribution pipes are generally laid below the road pavements, and as such their 
layoutsgenerally follow the layouts of roads. There are, in general, four different types of pipe 
networks;anyone ofwhich eithersinglyorin combinations,canbeusedfor a particularplace.They 
are: 

 
Dead End 
SystemGrid Iron 
SystemRing 
SystemRadialSyst
em 

 

http://nptel.ac.in/courses/105104102/Dead%20end%20layout.htm
http://nptel.ac.in/courses/105104102/Dead%20end%20layout.htm
http://nptel.ac.in/courses/105104102/Grid%20iron.htm
http://nptel.ac.in/courses/105104102/Grid%20iron.htm
http://nptel.ac.in/courses/105104102/Ring.htm
http://nptel.ac.in/courses/105104102/Ring.htm
http://nptel.ac.in/courses/105104102/Radial.htm
http://nptel.ac.in/courses/105104102/Radial.htm


 
 

DistributionReservoirs 

 

Distribution reservoirs, also called service reservoirs, are the storage reservoirs, which store 
thetreated water for supplying water during emergencies (such as during fires, repairs, etc.) 
andalsotohelp inabsorbing thehourlyfluctuations in thenormalwaterdemand. 

 
FunctionsofDistributionReservoirs: 

 
 to absorbthehourlyvariationsin demand. 
 tomaintain constantpressureinthedistributionmains. 
 waterstored canbesupplied duringemergencies. 

 
LocationandHeightofDistributionReservoirs: 

 
 should belocatedascloseaspossibletothecenter ofdemand. 
 water level in the reservoir must be at a sufficient elevation to permit gravity flow at 

anadequatepressure. 

 
TypesofReservoirs 

 
1. Undergroundreservoirs. 
2. Smallgroundlevelreservoirs. 
3. Largegroundlevelreservoirs. 
4. Overheadtanks. 

 
StorageCapacityof DistributionReservoirs 

 
Thetotal storagecapacityofa distributionreservoiristhesummation of: 

 
1. BalancingStorage:The quantity ofwaterrequired to be stored in the reservoirforequalising 

or balancing fluctuating demand against constant supply is known as thebalancing 
storage (or equalising or operating storage). The balance storage can 
beworkedoutbymasscurvemethod. 

2. Breakdown Storage: The breakdown storage or often called emergency storage is 
thestorage preserved in order to tide over the emergencies posed by the failure of 
pumps,electricity, or any othe mechanism driving the pumps. A value of about 25% of 
the totalstorage capacity of reservoirs, or 1.5 to 2 times of the average hourly supply, 
may beconsideredas enoughprovisionforaccountingthisstorage. 

3. Fire Storage: The third component of the total reservoir storage is the fire storage. 
Thisprovision takes care of the requirements of water for extinguishing fires. A provision 
of 1to4perperson perdayissufficienttomeetthe requirement. 

 
Thetotal reservoirstoragecanfinallybeworkedoutbyaddingallthethreestorages. 

 
PipeNetworkAnalysis 

 

Analysis of water distribution system includes determining quantities of flow and head losses 
inthe various pipe lines, and resulting residual pressures. In any pipe network, the following 
twoconditionsmustbesatisfied: 

http://nptel.ac.in/courses/105104102/mass%20curve%20method.htm


 
 

a a 

a a 

a a 

a a 

a a 

a a 

1. Thealgebraicsumofpressuredropsaroundaclosedloopmustbezero,i.e.therecanbenodiscon
tinuityinpressure. 

2. Theflowenteringa junctionmustbeequalto 
theflowleavingthatjunction;i.e.thelawofcontinuity mustbe satisfied. 

 
Based on these two basic principles, the pipe networks are generally solved by the methods 
ofsuccessive approximation. The widely used method of pipe network analysis is the Hardy-
Crossmethod. 

 
Hardy-CrossMethod 

 

This method consists of assuming a distribution of flow in the network in such a way that 
theprinciple of continuity is satisfied at each junction. A correction to these assumed flows is 
thencomputed successively for each pipe loop in the network, until the correction is reduced to 
anacceptable magnitude. 

 
IfQais the assumedflowandQis the actualflowinthepipe,then thecorrectiondisgivenbyd=Q-

Qa;orQ=Qa+d 

Now,expressingthehead 

loss(HL)asHL=K.Qx 

we have,theheadlossinapipe 

 
=K.(Qa+d)x 

 
=K.[Qx +x.Qx-1d+ ............ negligibleterms] 

 
=K.[Qx+x.Qx-1d] 

 
Now,aroundaclosedloop,thesummation ofheadlosses mustbezero. 

 
SK.[Qx +x.Qx-1d]=0 

 
orSK.Qx =-SKx Qx-1d 

 
Since,disthesame forallthepipesofthe consideredloop,itcan betakenoutofthesummation. 

 
SK.Qx =- d.SKx Qx-1 

 
ord=-SK.Qx/Sx.KQx-1 

 
Since d is given the same sign (direction) in all pipes of the loop, the denominator of the 
aboveequationis takenas theabsolutesumoftheindividualitemsinthesummation.Hence, 

 
ord=-SK.Qa

x/Sl x.KQa
x-1l 



 
 

ord=-SHL/ x.S lHL/Qal 

 
whereHListheheadlossforassumedflow Qa. 

 
The numerator in the above equation is thealgebraic sum ofthe head losses in the variouspipes 
of the closed loop computed with assumed flow. Since the direction and magnitude of flowin 
these pipes is already assumed, their respective head losses with due regard to sign can 
beeasily calculated after assuming their diameters. The absolute sum of respective KQa

x-1 or 
HL/Qais then calculated. Finally the value of d is found out for each loop, and the assumed flows 
arecorrected.Repeated adjustments aremade untilthedesired accuracyisobtained. 

 
The value of x in Hardy- Cross method is assumed to be constant (i.e. 1.85 for Hazen-
William'sformula,and 2forDarcy-Weisbachformula) 

 

LECTURE-5 
 

FlowinPipesofaDistribution NetworkbyHardy CrossMethod 
 

Problem:Calculatetheheadlossesandthecorrectedflowsinthevariouspipesofadistribution network 
as shown in figure. The diameters and the lengths of the pipes used aregivenagainsteach 
pipe.Compute correctedflowsafteronecorrections. 

 
 

 

Solution:First of all, the magnitudes as well as the directions of the possible flows in each 
pipeare assumed keeping in consideration the law of continuity at each junction. The two 
closedloops,ABCDandCDEFarethenanalyzedbyHardyCrossmethodaspertables1&2respectively,
andthe correctedflowsarecomputed. 



 
 

a 

 
 

Table1 

 
ConsiderloopABCD 

 

Pipe Assumedflow Diaofpipe Length
 of
pipe(m) 

K 
=  L  

470 
d4.87 

Q1.85 
a HL= 

K.Q1.85a 
lHL/Qal 

 
inl/s
ec 

incume
cs 

d
 in
m 

d4.87 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

AB (+)
43 

+0.043 0.30 2.85 
X10-3 

500 373 3X10- 
3 

+1.12 26 

BC  +0.023 0.20  300 1615  +1.52 66 
 (+)   3.95   9.4   

CD 23 -0.020 0.20 X10-4 500 2690 X10-4 -1.94 97 

DA (-)20 -0.035 0.20 3.95 
X10-4 

300 1615 7.2 
X10-4 

-3.23 92 

 (-)35         

    3.95   2X10-   

    X10-4   3   

S        -2.53 281 

 
* HL=(Q1.85L)/(0.094 x 100 1.85 X
 d4.87)or  K.Q1.85=(Q1.85L)/(470   X 
 d4.87) 

a a 

orK=(L)/(470 Xd4.87) 
 

Forloop ABCD, wehaved=-SHL/x.S lHL/Qal 

 
=(-)-2.53/(1.85 X281)cumecs 

 
=(-)(-2.53X1000)/(1.85X 281)l/s 

    =4.86l/s =5l/s (say)Hence,correctedflows



 
 

 afterfirstcorrectionare: 

Pipe AB BC CD DA 

Corrected  flows
 afterfirstc
orrectioninl/s 

+48 +28 -15 -30 

 
 

Table 2 

 
ConsiderloopDCFE 

 

Pipe Assumedflow Diaofpipe Length
of 
pipe(m
) 

K= L
 470d
4.87 

Q1.85 
a HL= 

K.Q1.85a 
lHL/Qal 

 inl/s
ec 

incume
cs 

dinm 
d4.87 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

DC (+)20 +0.020 0.20 3.95 
X10-4 

500 2690 7.2X10- 
4 

+1.94 97 

CF (+)28 +0.028 0.15  300 6580  +8.80 314 
    9.7X10-   1.34   

FE (-)8 -0.008 0.15 
5 

500 10940 X10-3 -1.47 184 

ED (-)5 -0.005 0.15 9.7X10- 
5 

300 6580 1.34 
X10-4 

-0.37 74 

    
9.7X10- 

  
5.6X10- 

  

    5   5   

S        +8.9 669 

 
Forloop ABCD,we haved =-SHL/ x.S lHL/Qal 

 
=(-)+8.9/(1.85 X669)cumecs 

 
=(-)(+8.9X1000)/(1.85X669))l/s 

 
=-7.2l/s 

 
Hence,correctedflowsafter first correctionare: 

 
Pipe DC CF FE ED 
Corrected flows after
 first 

+ + - - 

correction in l/s 12.8 20.8 15.2 12.2 



 
 

 

LECTURE-6 
 
 

WaterQuality 

Therawortreatedwaterisanalysedbytestingtheirphysical,chemicalandbacteriologicalcharacteristics: 
 

PhysicalCharacteristics: 

Turbidity
Colour 
Taste and 
OdourTemperat
ure 

 
ChemicalCharacteristics: 
pHAcidity
Alkalinity
Hardness
Chlorides
Sulphates
IronSolids
Nitrates 

 
BacteriologicalCharacteristics: 

Bacterial examination of water is very important, since it indicates the degree of pollution. 
Waterpolluted by sewage contain one or more species of disease producing pathogenic 
bacteria.Pathogenic organisms cause water borne diseases, and many non pathogenic bacteria 
such asE.Coli, a member of coliform group, also live in the intestinal tract of human beings. 
Coliformitselfis not a harmful group but it has more resistance to adverse condition than any 
othergroup. So, if it is ensured to minimize the number of coliforms, the harmful species will be 
veryless.So,coliformgroupservesasindicatorofcontaminationofwaterwithsewageandpresenceofp
athogens. 
Themethodstoestimatethebacterialqualityofwaterare: 
StandardPlateCountTestM
ostProbableNumberMembr
aneFilterTechnique 

 
 

IndianStandardsfordrinkingwater 

 

http://nptel.ac.in/courses/105104102/turbidity.htm
http://nptel.ac.in/courses/105104102/turbidity.htm
http://nptel.ac.in/courses/105104102/turbidity.htm
http://nptel.ac.in/courses/105104102/taste%20%26%20odour.htm
http://nptel.ac.in/courses/105104102/taste%20%26%20odour.htm
http://nptel.ac.in/courses/105104102/temperature.htm
http://nptel.ac.in/courses/105104102/temperature.htm
http://nptel.ac.in/courses/105104102/pH.htm
http://nptel.ac.in/courses/105104102/pH.htm
http://nptel.ac.in/courses/105104102/alkalinity.htm
http://nptel.ac.in/courses/105104102/alkalinity.htm
http://nptel.ac.in/courses/105104102/hardness.htm
http://nptel.ac.in/courses/105104102/hardness.htm
http://nptel.ac.in/courses/105104102/chlorides.htm
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Physical 

Turbidity(NTUunit) <10 25 

Colour(Hazenscale) <10 50 

TasteandOdour Un-objectionable Un-objectionable 

Chemical 

pH 7.0-8.5 6.5-9.2 

TotalDissolved Solidsmg/l 500-1500 3000 

TotalHardnessmg/l (as CaCO3) 200-300 600 

Chlorides mg/l(asCl) 200-250 1000 

Sulphatesmg/l (asSO4) 150-200 400 

Fluoridesmg/l(asF) 0.6-1.2 1.5 

Nitratesmg/l (asNO3) 45 45 

Calciummg/l (asCa) 75 200 

Ironmg/l(asFe ) 0.1-0.3 1.0 

 
Parameter 

 
Desirable-Tolerable 

Ifnoalternativesourceava
ilable,limitextended 
upto 
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ModuleII 
 

The typical functions of each unit operations are given in the following 

table:FunctionsofWaterTreatmentUnits 

Unittreatment Function(removal) 

Aeration,
 chemicals
use 

Colour, Odour,Taste 

Screening Floatingmatter 

Chemicalmethods Iron,Manganese,etc. 

Softening Hardness 

Sedimentation Suspended matter 

Coagulation Suspendedmatter, a partofcolloidal matterandbacteria 

Filtration Remainingcolloidaldissolvedmatter,bacteria 

Disinfection 
Pathogenic bacteria, Organic matter and
 Reducingsubstances 

Thetypesof treatmentrequiredfordifferent sourcesaregivenin thefollowingtable: 

 
Source Treatmentrequired 

1.Groundwaterandspringwaterfairlyfreefromconta
mination 

No treatment orChlorination 

2.Groundwaterwithchemicals,mineralsandgases Aeration,coagulation(ifnecess
ary),filtrationanddisinfection 

3.Lakes,surfacewaterreservoirswithlessamount 
ofpollution 

Disinfection 

4.Othersurfacewaterssuchasrivers,canalsandimpo
undedreservoirswithaconsiderableamount 
ofpollution 

Completetreatment 

Aeration 
 

 Aerationremovesodourandtastesduetovolatilegaseslikehydrogensulphideandduetoalgae
and relatedorganisms. 

 Aerationalsooxidiseironandmanganese,increasesdissolvedoxygencontentinwater,remov
es CO2andreducescorrosionandremovesmethaneandotherflammable gases. 



 
 

 Principle of treatment underlines on the fact that volatile gases in water escape 
intoatmosphere from the air-water interface and atmospheric oxygen takes their place 
inwater, provided the water body can expose itself over a vast surface to the 
atmosphere.This process continues until an equilibrium is reached depending on the 
partial pressureofeach specificgasin theatmosphere. 

 
TypesofAerators 

 

1. Gravityaerators 
2. Fountain aerators 
3. Diffusedaerators 
4. Mechanicalaerators. 

 
Gravity Aerators (Cascades): In gravity aerators, water is allowed to fall by gravity such that 
alargeareaofwateris exposedtoatmosphere,sometimesaidedbyturbulence. 

 
Fountain Aerators: These are also known as spray aerators with special nozzles to produce 
afine spray. Each nozzle is 2.5 to 4 cm diameter discharging about 18 to 36 l/h. Nozzle 
spacingshouldbesuch thateach m3 ofwaterhasaeratorareaof0.03 to0.09 m2foronehour. 

 
Injection or Diffused Aerators: It consists of a tank with perforated pipes, tubes or 
diffuserplates, fixed at the bottom to release fine air bubbles from compressor unit. The tank 
depth iskept as 3 to 4 m and tank width is within 1.5 times its depth. If depth is more, the 
diffusers mustbe placed at 3 to 4 m depth below water surface. Time of aeration is 10 to 30 min 
and 0.2 to 0.4litresofairisrequiredfor1litre ofwater. 

 
MechanicalAerators: Mixingpaddlesasinflocculationareused.Paddlesmay beeithersubmerged 

oratthesurface. 
 

Settling 
Solidliquidseparationprocessinwhichasuspensionisseparatedintotwophases– 

 
 Clarified supernatantleavingthetopofthesedimentationtank (overflow). 
 Concentratedsludgeleavingthe bottomofthesedimentationtank (underflow). 

 
PurposeofSettling 

 

 Toremovecoarsedispersedphase. 
 Toremovecoagulatedandflocculatedimpurities. 
 Toremoveprecipitatedimpuritiesafterchemicaltreatment. 
 Tosettlethe sludge(biomass)afteractivated sludgeprocess/tricking filters. 

 
PrincipleofSettling 

 

 Suspendedsolidspresentinwaterhavingspecificgravitygreaterthanthatofwatertendtosettle 
downbygravity assoonas theturbulenceisretardedby offeringstorage. 

 Basin inwhich theflowisretardediscalledsettlingtank. 
 Theoreticalaveragetimeforwhichthewaterisdetainedinthesettlingtankiscalledthe 

detentionperiod. 



 
 

LECTURE-8 
 

Types ofSettling 
 

TypeI:Discreteparticlesettling-

Particlessettleindividuallywithoutinteractionwithneighboringparticles. 

 
Type II: Flocculent Particles – Flocculation causes the particles to increase in mass and 
settleat afasterrate. 

 
Type III: Hindered or Zone settling –The mass of particles tends to settle as a unit 

withindividual  particles  remaining  in  fixed  positions  with  respect  to    each    
other.TypeIV:Compression–
Theconcentrationofparticlesissohighthatsedimentationcanonlyoccurthroughcompactionofthe
structure. 

 
TypeISettling 

 

 Size,shapeand specificgravityoftheparticles donot change with time. 
 Settling velocityremainsconstant. 

 
Ifaparticle issuspendedinwater,itinitiallyhas two forcesactinguponit: 
forceofgravity:Fg=ρpgVp 
Buoyantforcequantified byArchimedesas: Fb=ρgVp 
Ifthedensity oftheparticlediffersfrom thatof 
thewater,anetforceisexertedandtheparticleisaccelaratd inthedirectionofthe force:Fnet=(ρp-ρ)gVp 
Thisnetforcebecomesthedrivingforce. 
Once the motion has been initiated, a third force is created due to viscous friction. 
Thisforce,calledthedragforce,isquantifiedby:Fd=CDApρv2/2 

CD= dragcoefficient. 
Ap =projectedareaof theparticle. 
Because the drag force acts in the opposite direction to the driving force and increases as 
thesquare of the velocity, accelaration occurs at a decreasing rate until a steady velocity is 
reachedata pointwherethedrag forceequalsthe driving 
force: 
(ρp-

ρ)gVp=CDApρv2/2Forsph

erical 

particles,Vp=∏d3/6andAp

=∏d2/4 

Thus,v2=4g(ρp-ρ)d  
3CDρ 

Expressions for CD change with characteristics of different flow regimes. For laminar, 
transition,andturbulentflow,thevaluesofCDare: 

 
CD = 24 



 
 

e 

(laminar)Re 
CD=24+3  

+0.34(transition)ReR
1/2 



 
 

e 

CD=0.4(turbulent) 
 

where ReistheReynoldsnumber: 
Re=ρ vd 

μ 
Reynolds number less than 1.0 indicate laminar flow, while values greater than 10 
indicateturbulentflow.Intermediatevaluesindicatetransitionalflow. 
StokesFlow 
For laminarflow,terminalsettlingvelocityequation becomes: 

 
v=(ρp-

ρ)gd218
μ 

 
whichis knownasthe stokesequation. 

 
 

TransitionFlow 
 

Needtosolve non-linearequations: 
 

v2=4g(ρp-ρ)d 
3CDρ 

CD=24+3  +0.34 
ReR

1/2 

Re=ρ vd 
μ 

 
 Calculatevelocityusing Stokeslaworturbulentexpression. 
 CalculateandcheckReynoldsnumber. 
 Calculate CD. 
 Use generalformula. 
 Repeat fromstep2untilconvergence. 

 
TypesofSettlingTanks 

 

 Sedimentation tanks may function either intermittently or continuously. The 
intermittenttanks also called quiescent type tanks are those which store water for a 
certain periodand keep it in complete rest. In a continuous flow type tank, the flow 
velocity is onlyreducedandthewateris notbroughttocompleterestasisdonein 
anintermittenttype. 

 Settlingbasinsmaybeeitherlongrectangularorcircularinplan.Longnarrowrectangular tanks 
with horizontal flow are generally preferred to the circular tanks withradialorspiral flow. 

 
LongRectangularSettlingBasin 

 

 Longrectangularbasins arehydraulically morestable,and 
flowcontrolforlargevolumesiseasierwiththisconfiguration. 

 Atypicallongrectangulartankhavelengthrangingfrom2to4timestheirwidth.Thebottomissligh
tlyslopedtofacilitatesludgescraping.Aslowmovingmechanicalsludge 



 
 

scrapercontinuouslypullsthesettledmaterialintoasludgehopperfromwhereitispumpedoutperiodical
ly. 

 
Drag ofsedimentationtank 

 

Alongrectangularsettlingtank canbe divided intofourdifferent functionalzones: 
Inlet zone: Region in which the flow is uniformly distributed over the cross section such that 
theflowthroughsettlingzone followshorizontalpath. 
Settlingzone:Settlingoccursunderquiescent conditions. 
Outletzone:Clarified effluentis collectedanddischargethroughoutletweir. 
Sludgezone:Forcollection ofsludgebelowsettling zone. 

 
InletandOutletArrangement 

 

Inletdevices:Inletsshallbedesignedtodistributethewaterequallyandatuniformvelocities.A baffle 
should be constructed across the basin close to the inlet and should project several 
feetbelowthewatersurfacetodissipateinletvelocitiesandprovideuniformflow; 

 
Outlet Devices: Outlet weirs or submerged orifices shall be designed to maintain 
velocitiessuitableforsettlinginthebasinandtominimizeshort-
circuiting.Weirsshallbeadjustable,andat least equivalent in length to the perimeter of the tank. 
However, peripheral weirs are notacceptableastheytendtocauseexcessiveshort-circuiting. 

 
WeirOverflowRates 

 

Large weir overflow rates result in excessive velocities at the outlet. These velocities 
extendbackward into the settling zone, causing particles and flocs to be drawn into the outlet. 
Weirloadings are generally used upto 300 m3/d/m. It may be necessary to provide special 
inboardweirdesigns as showntolowertheweiroverflowrates. 

 
InboardWeir Arrangement toIncreaseWeir Length 

 

 
CircularBasins 

 

 Circular settlingbasins havethe same functional zones as the long rectangular basin,but 
the flow regime is different. When the flow enters at the center and is baffled to 
flowradiallytowardstheperimeter,thehorizontalvelocityofthewateriscontinuously 



 
 

decreasingasthedistancefromthecenterincreases.Thus,theparticlepathinacircular basin is 
a parabola as opposed to the straight line path in the long rectangulartank. 

 Sludgeremovalmechanismsincirculartanksaresimplerandrequirelessmaintenance. 

 
SettlingOperations 

 

 Particlesfalling throughthe settling basinhavetwocomponentsofvelocity: 
1) Vertical component:vt=(ρp-ρ)gd2 

18μ 
2) Horizontalcomponent:vh=Q/A 

 
The path of the particle is given by the vector sum of horizontal velocity vh and 
verticalsettlingvelocityvt. 

 Assume that a settling column is suspended in the flow of the settling zone and that 
thecolumn travels with the flow across the settling zone. Consider the particle in the 
batchanalysisfor type-1 settlingwhichwas initially at the surface and settled through 
thedepth of the column Z0, in the time t0. If t0 also corresponds to the time required for 
thecolumntobecarriedhorizontallyacrossthesettlingzone,thentheparticlewillfallintothe 
sludge zone and be removed from the suspension at the point at which the 
columnreaches theendofthesettlingzone. 

 All particles with vt>v0 will be removed from suspension at some point along the 
settlingzone. 

 Now consider the particle with settling velocity < v0. If the initial depth of this particle 
wassuchthatZp/vt=t0,thisparticlewillalsoberemoved.Therefore,theremovalofsuspended 
particles passing through the settling zone will be in proportion to the ratio 
oftheindividualsettlingvelocitiestothe settlingvelocityv0. 

 Thetimet0correspondstotheretentiontimeinthesettlingzone. 
 t= V=LZ0W 
  Q

 QAlso,t0

=Z0 
v0 

 
Therefore,Z0=LZ0Wandv0=Q 

v0 Q LW 
 

orv0=Q 
AS 

 
Thus, the depth of the basin is not a factor in determining the size particle that can be 
removedcompletelyinthesettlingzone.ThedeterminingfactoristhequantityQ/As,whichhastheunitsof 
velocity and is referred to as the overflow rate q0. This overflow rate is the design factor 
forsettling basins and corresponds to the terminal setting velocity of the particle that is 
100%removed. 

 
DesignDetails 

1. Detentionperiod:forplainsedimentation:3to4h,andforcoagulatedsedimentation:2to2.5h. 
2. Velocityof flow:Notgreater than30cm/min(horizontalflow). 



 
 

3. Tankdimensions:L:B=3to5:1.  GenerallyL=30m(common)  
maximum100m.Breadth=6mto10 m.Circular:Diameternotgreaterthan 60m. 
generally20to40 m. 

4.Depth2.5to5.0m(3m). 
5. SurfaceOverflowRate:Forplainsedimentation12000to18000L/d/m2tankarea;forthoroughly

flocculatedwater24000to30000 L/d/m2tankarea. 
6. Slopes:Rectangular1%towardsinletandcircular8%. 

 
SedimentationTank Design 
Problem:Designarectangularsedimentationtanktotreat2.4millionlitresofrawwaterperday.The 

detentionperiodmay beassumedtobe3hours. 
Solution:Rawwaterflowperdayis2.4x 
106l.Detentionperiodis3h.Volumeoftank=FlowxDetentionperiod=2.4 x103x 
3/24=300 m3Assumedepthoftank=3.0m. 
Surfacearea =300/3 = 
100m2L/B=3(assumed).L =3B. 

3B2= 100 m2 i.e. B = 5.8 
mL=3B=5.8X3 =17.4m 

Hencesurfaceloading(Overflowrate)=2.4x106=24,000l/d/m2<40,000l/d/m2(OK) 
100 
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General PropertiesofColloids 
1. Colloidal particles are sosmallthattheirsurfaceareainrelationtomassisverylarge. 
2. Electricalproperties:Allcolloidalparticlesareelectricallycharged.Ifelectrodesfroma 

D.C. source are placed in a colloidal dispersion, the particles migrate towards the pole 
ofoppositecharge. 

3. Colloidal particles are in constant motion because of bombardment by molecules 
ofdispersion medium. This motion is called Brownian motion (named after Robert 

Brownwhofirstnoticedit). 
4. Tyndall effect: Colloidal particles have dimensioThese are reversible upon heating. 

e.g.organicsinwater. 
5. Adsorption: Colloids have high surface area and hence have a lot of active surface 

foradsorption to occur. The stability of colloids is mainly due to preferential adsorption 
ofions.There aretwotypesofcolloids: 

i. Lyophobiccolloids:thataresolventhating.Theseareirreversibleuponheating. 
e.g.inorganiccolloids,metalhalides. 

ii. Lyophilic colloids: that are solvent loving. These are reversible upon heating. 
e.g.organicsinwater. 

 
CoagulationandFlocculation 

 Colloidalparticlesaredifficulttoseparatefromwaterbecausetheydonotsettlebygravity 
andareso smallthatthey passthroughthepores offiltrationmedia. 

 Toberemoved, theindividualcolloids mustaggregate andgrowin size. 
 Theaggregationofcolloidalparticlescanbeconsideredasinvolvingtwoseparateanddistinctst

eps: 
1. Particletransporttoeffectinterparticlecollision. 
2. Particledestabilizationtopermit attachment whencontactoccurs. 



 
 

Transportstepisknownasflocculationwhereascoagulationistheoverallprocessinvolvingdestabili
zationandtransport. 

 

ElectricalDoubleLayer 
Although individual hydrophobic colloids have an electrical charge, a colloidal dispersion 
doesnot have a net electrical charge. The diffuse layer in a colloidal dispersion contains a 
quantity ofcounter ions sufficient to balance the electrical charge on the particle. The charge 
distribution inthe diffuse layer of a negatively charged colloid can be represented by the curve 
ABCD in 
thefigure.Theionsinvolvedinthiselectroneutralityarearrangedinsuchawayastoconstitutewhatiscall

edelectricaldoublelayer. 

Net repulsion force, which may be considered as energy barrier must be overcome 
beforeaggregation occurs.Themagnitudeofenergy barrierdependson(1)chargeontheparticle,and 
(2) ioniccompositionofwater. 

 
 

DestabilizationofColloidalDispersion 
Particledestabilization can beachievedbyfourmechanisms: 

 Changecharacteristicsof medium-Compressionofdoublelayer. 
 Changecharacteristics ofcolloidparticles-Adsorptionandchargeneutralization. 

 Providebridges- 
1. Enmeshmentinaprecipitate. 
2. Adsorptionandinterparticlebridging. 

 
 

Flocculation 
 

Flocculationisstimulationbymechanicalmeanstoagglomeratedestabilisedparticlesintocompact,fas
tsettleableparticles(orflocs).Flocculationorgentleagitationresultsfromvelocity 

http://nptel.ac.in/courses/105104102/Double%20Layer%20Compression.htm
http://nptel.ac.in/courses/105104102/Adsorption%20and%20Charge%20Neutralization.htm
http://nptel.ac.in/courses/105104102/Enmeshment%20in%20a%20Precipitate.htm
http://nptel.ac.in/courses/105104102/Adsorption%20and%20Interparticle%20Bridging.htm
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differences or gradients in the coagulated water, which causes the fine moving, 
destabilizedparticles to come into contact and become large, readily settleable flocs. It is a 
common practiceto provide an initial rapid (or) flash mix for the dispersal of the coagulant or 
other chemicals intothewater.Slow mixingisthen done,duringwhichthegrowthofthefloc takes 
place. 

 
Rapid or Flash mixing is the process by which a coagulant is rapidly and uniformly 
dispersedthrough the mass of water. This process usually occurs in a small basin immediately 
precedingor at the head of the coagulation basin. Generally, the detention period is 30 to 60 
seconds andthe head loss is20 to 60 cmsofwater.Herecolloids aredestabilised and the nucleus 
for theflocisformed. 

 
Slow mixing brings the contacts between the finely divided destabilised matter formed 
duringrapidmixing. 

 
PerikineticandOrthokineticFlocculation 

 

Theflocculationprocesscan be broadlyclassifiedintotwotypes,perikinetic andorthokinetic. 

 
Perikinetic flocculation refers to flocculation (contact or collisions of colloidal particles) due 
toBrownian motion of colloidal particles. The random motion of colloidal particles results from 
theirrapidandrandombombardmentby themoleculesofthefluid. 

 
Orthokinetic flocculation refers to contacts or collisions of colloidal particles resulting from 
bulkfluid motion, such as stirring. In systems of stirring, the velocity of the fluid varies both 
spatially(from point to point) and temporally (from time to time). The spatial changes in velocity 
areidentified by a velocity gradient, G. G is estimated as G=(P/μV)1/2, where P=Power, 
V=channelvolume,andμ=Absolute viscosity. 

 
MechanismofFlocculation 

 

Gravitational flocculation: Baffle type mixing basins are examples of gravitational 
flocculation.Water flows by gravity and baffles are provided in the basins which induce the 
required velocitygradients forachievingflocformation. 

 
Mechanical flocculation: Mechanical flocculator consists of revolving paddles with horizontal 
orvertical shaftsorpaddlessuspended fromhorizontal oscillating beams,movingupanddown. 

 
CoagulationinWaterTreatment 

 

 SaltsofAl(III)andFe(III)arecommonlyusedascoagulantsinwaterandwastewatertreatment. 
 WhenasaltofAl(III)andFe(III)isaddedtowater,itdissociatestoyieldtrivalentions,whichhydrate

toformaquometalcomplexesAl(H2O)3+andFe(HO)3+.These 
complexes then pass through a series of hydrolytic reactions in which H2O molecules 
inthe hydration shell are replaced by OH- ions to form a variety of soluble species such 
asAl(OH)2+ and Al(OH)2+. These products are quite effective as coagulants as they 
adsorbvery stronglyontothesurface ofmostnegativecolloids. 

 
DestabilizationusingAl(III)andFe(III)Salts 
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 Al(III)    and     Fe(III)     accomplish     destabilization     by     two     mechanisms: 
(1)Adsorptionand chargeneutralization.(2)Enmeshment in a sweepfloc. 

 InterrelationsbetweenpH,coagulantdosage,andcolloidconcentrationdeterminemechanism
responsibleforcoagulation. 

 Charge on hydrolysis products and precipitation of metal hydroxides are both 
controlledby pH.The hydrolysisproducts possess apositivecharge atpH valuesbelow iso-
electric point of the metal hydroxide. Negatively charged species which 
predominateaboveiso-
electricpoint,areineffectiveforthedestabilizationofnegativelychargedcolloids. 

 Precipitationofamorphousmetal hydroxideis necessaryforsweep-floccoagulation. 
 ThesolubilityofAl(OH)3(s)andFe(OH)3(s)isminimalataparticularpHandincreasesas the pH 

increases or decreases from that value. Thus, pH must be controlled 
toestablishoptimumconditionsforcoagulation. 

 AlumandFerricChloridereactswithnaturalalkalinityinwaterasfollows:Al2(SO4)3.14H2O+ 6 

HCO3- 2Al(OH)3(s)+6CO2+14H2O+3SO2- 

 FeCl3+3HCO3- Fe(OH)3(S)+3CO2+3 Cl- 

 
JarTest 

 

Thejartestisacommonlaboratoryprocedureusedtodeterminetheoptimumoperatingconditions for 
water or wastewater treatment. This method allows adjustments in pH, variationsin coagulant or 
polymer dose, alternating mixing speeds, or testing of different coagulant orpolymer types, on a 
small scale in order to predict the functioning of a large scale treatmentoperation. 

 
JarTestingApparatus 

 

The jar testing apparatus consists of six paddles which stir the contents of six 1 liter 
containers.Onecontaineractsasacontrolwhiletheoperatingconditionscanbevariedamongtheremai
ning five containers. A rpm gage at the top-center of the device allows for the 
uniformcontrolofthe mixingspeedinallofthe containers. 

 
Jar Test Procedure 

 

 Thejar test proceduresinvolvesthefollowingsteps: 
 Fill the jar testing apparatus containers with sample water. One container will be used 

asa control while the other 5 containers can be adjusted depending on what conditions 
arebeing tested. For example, the pH of the jars can be adjusted or variations of 
coagulantdosagescan beadded todetermineoptimumoperatingconditions. 

 Add the coagulant to each container and stir at approximately 100 rpm for 1 minute. 
Therapidmixstagehelpsto dispersethecoagulantthroughouteachcontainer. 

 Turnoffthemixersandallowthecontainerstosettlefor30to45minutes.Thenmeasure thefinal 
turbidityineachcontainer. 

 Reduce the stirring speed to 25 to 35 rpm and continue mixing for 15 to 20 minutes. 
Thisslower mixing speed helps promote floc formation by enhancing particle collisions 
whichleadtolargerflocs. 

 Residualturbidityvs.coagulantdoseisthenplottedandoptimalconditionsaredetermined. The 
values that are obtained through the experiment are correlated andadjusted inorderto 
accountfor the actual treatmentsystem. 
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Filtration 
 

 The resultant water after sedimentation will not be pure, and may contain some very 
finesuspended particles and bacteria in it. To remove or to reduce the remaining 
impuritiesstill further, the water is filtered through the beds of fine granular material, such 
as sand,etc. The process of passing the water through the beds of such granular 
materials isknownasFiltration. 

 
 

HowFiltersWork:FiltrationMechanisms 

 Therearefourbasicfiltrationmechanisms: 
 SEDIMENTATION : The mechanism of sedimentation is due to force of gravity and 

theassociate settling velocity of the particle, which causes it to cross the streamlines 
andreach thecollector. 

 INTERCEPTION :Interception ofparticles is common for large particles. Ifa largeenough 
particle follows the streamline, that lies very close to the media surface it will 
hitthemediagrain andbecaptured. 

 BROWNIAN DIFFUSION:Diffusiontowardsmediagranulesoccursforverysmallparticles, 

such as viruses. Particles move randomly about within the fluid, due to thermalgradients. 
This mechanism is only important for particles with diameters < 1 micron.INERTIA 
:Attachment by inertia occurs whenlarger particles move fastenough 
totravelofftheirstreamlinesandbumpinto mediagrains. 

 

 
FilterMaterials 

 

Sand: Sand, either fine or coarse, is generally used as filter media. The size of the sand 
ismeasured and expressed by the term called effective size. The effective size, i.e. D10 may 
bedefined as the size of the sieve in mm through which ten percent of the sample ofsand 
byweight will pass. The uniformity in size or degree of variations in sizes of particles is 
measuredandexpressedbythetermcalleduniformitycoefficient.Theuniformitycoefficient,i.e.(D60/D1

0) 



 
 

may be defined as the ratio of the sieve size in mm through which 60 percent of the sample 
ofsandwillpass,tothe effectivesizeofthesand. 

 
Gravel: The layersofsand may be supported on gravel,which permitsthe filtered water tomove 
freely to theunder drains,andallowsthewashwaterto moveuniformly upwards. 

 
Othermaterials:Insteadofusingsand,sometimes,anthrafiltisusedasfiltermedia.Anthrafiltis made 
from anthracite, which is a type of coal-stone that burns without smoke or flames. It 
ischeaperand hasbeenabletogiveahigh rateoffiltration. 

 
TypesofFilter 

 

Slowsandfilter:Theyconsistoffinesand,supportedbygravel.Theycaptureparticlesnearthe surface 
of the bed and are usually cleaned by scraping away the top layer of sand thatcontains 
theparticles. 

 
Rapid-sand filter: They consist of larger sand grains supported by gravel and capture 
particlesthroughout the bed. They are cleaned by backwashing water through the bed to 'lift out' 
theparticles. 
Multimedia filters: They consist of two or more layers of different granular materials, 
withdifferent densities. Usually, anthracite coal, sand, and gravel are used. The different 
layerscombinedmayprovidemoreversatilecollectionthanasinglesandlayer.Becauseofthedifferenc
esindensities,thelayersstayneatly separated,evenafter backwashing. 

 
PrinciplesofSlowSandFiltration 

 

 In a slow sand filter impurities in the water are removed by a combination of 
processes:sedimentation,straining,adsorption,andchemicalandbacteriologicalaction. 

 During the first few days, water is purified mainly by mechanical and physical-
chemicalprocesses. The resulting accumulation of sediment and organic matter forms a 
thin layeron the sand surface, which remains permeable and retains particles even 
smaller thanthespacesbetweenthe sandgrains. 

 As this layer (referred to as “Schmutzdecke”) develops, it becomes living quarters of 
vastnumbers of micro-organisms which break down organic material retained from the 
water,convertingitinto water,carbondioxideandotheroxides. 

 Most impurities, including bacteria and viruses, are removed from the raw water as 
itpasses through the filter skin and the layer of filter bed sand just below. The 
purificationmechanismsextendfromthefilterskintoapprox.0.3-
0.4mbelowthesurfaceofthefilter bed, gradually decreasing in activity at lower levels as 
the water becomes purifiedandcontains lessorganicmaterial. 

 When the micro-organisms become well established, the filter will work efficiently 
andproduce high quality effluent which is virtually free of disease carrying organisms 
andbiodegradableorganicmatter. 

 They are suitable for treating waters with low colors, low turbidities and low 
bacterialcontents. 

 
SandFiltersvs. RapidSand Filters 



 
 

 Basematerial:InSSFitvariesfrom3to65mminsizeand30to75cmindepthwhilein RSF it 
varies from 3 to 40 mm in size and its depth is slightly more, i.e. about 60 to 90cm. 

 Filter sand: In SSF the effective size ranges between 0.2 to 0.4 mm and 
uniformitycoefficientbetween1.8to2.5or3.0.InRSFtheeffectivesizerangesbetween0.35to 
0.55anduniformitycoefficientbetween 1.2to1.8. 

 Rate of filtration: In SSF it is small, such as 100 to 200 L/h/sq.m. of filter area while 
inRSFitislarge,suchas3000to 6000L/h/sq.m.offilterarea. 

 Flexibility: SSF are not flexible for meeting variation in demand whereas RSF are 
quiteflexible formeetingreasonablevariationsindemand. 

 Post treatment required: Almost pure water is obtained from SSF. However, water 
maybedisinfected slightly tomakeitcompletely safe.DisinfectionisamustafterRSF. 

 Methodofcleaning:Scrappingandremovingofthetop1.5to3cmthicklayerisdonetocleanSSF
.TocleanRSF,sandisagitatedandbackwashedwithorwithoutcompressedair. 

 Lossofhead:IncaseofSSFapprox.10cmistheinitialloss,and0.8to1.2misthefinal limit when 
cleaning is required. For RSF 0.3m is the initial loss, and 2.5 to 3.5m 
isthefinallimitwhencleaningisrequired. 

 
CleanWaterHeadloss 

 

Severalequationshavebeendevelopedtodescribetheflowofcleanwaterthroughaporousmedium.Carman-
Kozenyequationused tocalculateheadlossis as follows: 

 
h= f (1-

n)Lvs
2Φ 

n3dg 
f =150(1-n)+1.75 

Ng 

 
where, h = headloss, 

mf = friction 
factorn=porosity 
Φ=particleshapefactor(1.0forspheres,0.82forroundedsand,0.75foraveragesand,0.73forcrushe

dcoal andangular sand) 
L = depth of filter bed or layer, 
md= grainsize diameter, m 
vs = superficial (approach) filtration velocity, 
m/sg=accelarationduetogravity, 9.81m/s2 

p = fraction of particles ( based on mass) within adjacent sieve 
sizesdg= geometric meandiameter betweensievesizesd1andd2 

Ng=Reynolds number 
μ= viscosity,N-s/m2 

 
BackwashingofRapidSand Filter 

 

 For a filter to operate efficiently, it must be cleaned before the next filter run. If the 
waterapplied to a filter is of very good quality, the filter runs can be very long. Some 
filters canoperate longer than one week before needing to be backwashed. However, 
this is notrecommended as long filter runs can cause the filter media to pack down so 
that it isdifficulttoexpand thebedduringthebackwash. 



 
 

 Treatedwaterfromstorageisusedforthebackwashcycle.Thistreatedwaterisgenerally 
takenfrom elevatedstoragetanksorpumpedinfromthe clearwell. 

 The filter backwash rate has to be great enough to expand and agitate the filter 
mediaand suspend the floc in the water for removal. However, if the filter backwash rate 
is toohigh,mediawillbewashedfromthefilterinto thetroughs andoutofthefilter. 

 
Whenis BackwashingNeeded 

 

Thefiltershouldbebackwashedwhen thefollowingconditionshavebeenmet: 

 
 The head loss is so high that the filter no longer produces water at the desired 

rate;and/orFlocstartstobreakthroughthefilterandtheturbidityinthefiltereffluentincreases; 
and/orAfilterrun reachesagivenhourofoperation. 
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OperationalTroublesinRapidGravityFilters 
 

AirBinding: 

 
 When the filter is newly commissioned, the loss of head of water percolating through 

thefilter is generally very small. However, the loss of head goes on increasing as more 
andmore impuritiesgettrappedintoit. 

 Astageis finallyreachedwhenthefrictionalresistanceofferedbythefiltermediaexceeds the 
static head of water above the and bed. Most of this resistance is offered 
bythetop10to15cmsandlayer.Thebottomsandactslikeavacuum,andwaterissuckedthrough 
thefiltermediaratherthangetting filteredthroughit. 

 The negative pressure so developed, tends to release the dissolved air and other 
gasespresent in water. The formation of bubbles takes place which stick to the sand 
grains.ThisphenomenonisknownasAirBindingastheairbindsthe 
filterandstopsitsfunctioning. 

 To avoid such troubles, the filters are cleaned as soon as the head loss exceeds 
theoptimum allowablevalue. 

 
FormationofMudBalls: 

 
 The mud from the atmosphere usually accumulates on the sand surface to form a 

densemat. During inadequate washing this mud may sink down into the sand bed and 
stick tothesandgrainsandotherarrestedimpurities,therebyformingmudballs. 

 
CrackingofFilters: 

 
 Thefinesandcontainedinthetoplayersofthefilterbedshrinksandcausesthedevelopment of 

shrinkage cracks in the sand bed. With the use of filter, the loss of headand, therefore, 
pressure on thesand bed goes on increasing, which further goes onwideningthese 
cracks. 

 
RemedialMeasurestoPrevent Crackingof FiltersandFormationofMudBalls 



 
 

 Breakingthetopfinemudlayerwith rakes andwashingoff theparticles. 
 Washing thefilterwithasolutionofcausticsoda. 
 Removing,cleaningandreplacingthedamagedfiltersand. 

 
Standard design practice of Rapid Sand filter: Maximum length of lateral = not less than 
60times its diameter. Spacing of holes = 6 mm holes at 7.5 cm c/c or 13 at 15 c/c. C.S area 
oflateral = not less than 2 times area of perforations. C.S area of manifold = 2 times total area 
oflaterals. Maximum loss of head = 2 to 5 m. Spacing of laterals = 15 to 30 cm c/c. Pressure 
ofwash water at perforations = not greater than 1.05 kg/cm2. Velocity of flow in lateral = 2 
m/s.Velocity of flow in manifold = 2.25 m/s. Velocity offlow in manifold for washwater= 1.8 to 
2.5m/s. Velocity of rising washwater= 0.5 to 1.0 m/min. Amount of washwater = 0.2 to 0.4% of 
totalfiltered water. Time of backwashing = 10 to 15 min. Head of water over the filter = 1.5 to 2.5 
m.Freeboard=60 cm.Bottomslope =1to60towardsmanifold. 

 
Q=(1.71x bxh3/2) 

 
whereQisinm3/s,bisinm,hisin m.L:B=1.25 to1.33:1. 

 
RapidSandFilterDesign 

 

Problem:Designarapidsandfiltertotreat10millionlitresofrawwaterperdayallowing0.5%of filtered 
water for backwashing. Half hour per day is used for bakwashing. Assume necessarydata. 

 
Solution:Totalfilteredwater=10.05 x 24x 106=0.42766Ml/h 

24x23.5 
Letthe rateoffiltrationbe5000l /h 
/m2ofbed.Areaoffilter=10.05x 106x 1   =85.5m2 

23.5 5000 
Providetwounits.Eachbedarea 85.5/2=42.77.L/B=1.3;1.3B2=42.77B=5.75 
m;L=5.75x1.3=7.5m 
Assumedepthofsand=50to75cm.Und
erdrainagesystem: 
Totalarea ofholes =0.2 to0.5% 
ofbedarea.Assume0.2%ofbed area=0.2x 42.77 
=0.086m2 

100 
Area oflateral = 2(Areaofholes 
oflateral)Areaofmanifold=2(Areaoflaterals) 
So,areaofmanifold=4xareaofholes=4 x0.086=0.344 
=0.35m2.Diameterofmanifold=(4x0.35 /П)1/2=66 cm 
Assume c/c oflateral=30cm.Totalnumbers =7.5/0.3 
=25oneitherside.Lengthoflateral =5.75/2-0.66/2=2.545m. 
C.S.areaoflateral=2x areaofperforationsperlateral.Takediaofholes =13mm 

 
Numberofholes:nП(1.3)2=0.086x104=860 cm2 

4 
n=4x860=648,say 650 

П(1.3)2 
Numberofholesperlateral=650/50=13 

Areaofperforationsperlateral=13x p(1.3)2/4 =17.24cm2 



 
 

Spacingofholes=2.545/13=19.5cm. 
C.S.areaoflateral =2 xareaofperforationsperlateral =2 x 17.24 
=34.5cm2.Diameteroflateral =(4x34.5/П)1/2=6.63 cm 
Check:Lengthoflateral<60d=60x 6.63 =3.98 
m.l=2.545m(Henceacceptable).Risingwashwatervelocityinbed=50cm/min. 
Washwaterdischargeperbed=(0.5/60)x 5.75 x7.5 =0.36m3/s. 
Velocity offlowthrough lateral = 0.36 =0.36x 104 =2.08m/s(ok) 

Totallateralarea 50 x 
34.5Manifoldvelocity=0.36=1.04 m/s <2.25m/s(ok) 

0.345 
Washwatergutter 
Dischargeofwashwaterperbed=0.36m3/s.Sizeofbed =7.5x5.75m.Assume3 
troughsrunninglengthwiseat5.75/3=1.9 mc/c. 
Dischargeofeachtrough=Q/3 =0.36/3 =0.12m3/s. 

Q=1.71x 
bxh3/2Assumeb =0.3m 

h3/2=0.12 =0.234 
1.71x 0.3 

h=0.378 m =37.8cm=40 cm 
=40 +(freeboard)5cm=45 

cm;slope1in40Clearwaterreservoirforbackwashing 
For4hfiltercapacity,Capacity oftank=4x5000x 7.5x 5.75x 2=1725 m3 

1000 

Assumedepthd=5m.Surfacearea=1725/5=345m2L/B=2;
2B2=345;B =13m&L =26 m. 
Dia ofinletpipecomingfromtwofilter = 50cm. 

Velocity<0.6m/s.Diameter ofwashwaterpipetooverhead tank= 
67.5cm.Aircompressorunit=1000lofair/ min/m2bed area. 
For5 min,airrequired =1000x5x7.5x5.77x2 =4.32m3ofair. 
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Disinfection 
 

The filtered water may normally contain some harmful disease producing bacteria in it. 
Thesebacteria must be killed in order to make the water safe for drinking. The process of killing 
thesebacteriaisknownasDisinfectionorSterilization. 

 
DisinfectionKinetics 

 

When a single unit of microorganisms is exposed to a single unit of disinfectant, the reduction 
inmicroorganismsfollowsafirst-orderreaction. 

 
dN/dt=-kN N=N0e-kt 
ThisequationisknownasChick‟sLaw:- 

 
N=numberofmicroorganism(N0isinitialnumber)k 
=disinfectionconstant 
t=contacttime 

MethodsofDisinfection 



 
 

1. Boiling: The bacteria present in water can be destroyed by boiling it for a long 
time.However it is not practically possible to boil huge amounts of water. Moreover it 
cannottakecareoffuturepossiblecontaminations. 

2. Treatment with Excess Lime: Lime is used in water treatment plant for softening. But 
ifexcess lime is added to the water, it can in addition, kill the bacteria also. Lime 
whenadded raises the pH value o water making it extremely alkaline. This extreme 
alkalinityhas been found detrimental to the survival of bacteria. This method needs the 
removal ofexcess lime from the water before it can be supplied to the general public. 
Treatment likerecarbonationforlime removalshouldbeused afterdisinfection. 

3. Treament with Ozone: Ozone readily breaks down into normal oxygen, and 

releasesnascent oxygen. The nascent oxygen is a powerful oxidising agent and removes 
theorganicmatteraswellasthe bacteriafromthewater. 

4. Chlorination: The germicidal action of chlorine is explained by the recent theory 
ofEnzymatic hypothesis, according to which the chlorine enters the cell walls of 
bacteriaandkill theenzymeswhich 
areessentialforthemetabolicprocessesoflivingorganisms. 

 
ChlorineChemistry 

 

Chlorine is added to the water supply in two ways. It is most often added as a gas, 
Cl2(g).However, it also can be added as a salt, such as sodium hypochlorite (NaOCl) or 
bleach.Chlorinegas dissolvesinwaterfollowingHenry'sLaw. 

Cl2(g) Cl2(aq)     KH=6.2x 10-2
 

Once dissolved, the following reaction occurs forming hypochlorous acid 

(HOCl):Cl2(aq)+H2O HOCl+H++Cl- 
Hypochlorousacid isaweakacidthatdissociatestoform hypochloriteion(OCl-). 

HOCl OCl-+H+Ka=3.2 x 10-8 

 
Allformsofchlorinearemeasuredasmg/LofCl2(MW=2x35.45=70.9g/mol)Hypochlorous acid 
andhypochloriteion compose whatiscalled the free chlorine residual.These free chlorine 
compounds can react with many organic and inorganic compounds to formchlorinated 
compounds. If the products of these reactions posses oxidizing potential, they areconsidered the 
combined chlorine residual. A common compound in drinking water systems thatreacts with 
chlorine to form combined residual is ammonia. Reactions between ammonia 
andchlorineformchloramines,whichismainlymonochloramine(NH2Cl),althoughsomedichloramine 
(NHCl2) and trichloramine (NCl3) also can form. Many drinking water utilities 
usemonochloramine as a disinfectant. If excess free chlorine exits once all ammonia nitrogen 
hasbeenconvertedtomonochloramine,chloraminespeciesareoxidizedthroughwhatistermedthe 
breakpoint reactions. The overall reactions of free chlorine and nitrogen can be 
representedbytwosimplifiedreactionsasfollows: 

 
Monochloramine Formation Reaction. This reaction occurs rapidly when ammonia nitrogen 
iscombinedwithfreechlorineup toa molarratioof1:1. 

 
HOCl+NH3 NH2Cl+ HOCl 

 
Breakpoint Reaction: When excess free chlorine is added beyond the 1:1 initial molar 
ratio,monochloramineisremovedasfollows: 



 
 

2NH2Cl+HOCl N2(g)+ 3H++3Cl-+H2O 

 
Theformationofchloraminesandthebreakpointreactioncreateauniquerelationshipbetweenchlorinedosean
d theamountandformofchlorineasillustratedbelow. 

 
 

FreeChlorine,Chloramine,andAmmoniaNitrogenReactions 
 

ChlorineDemand 
 

Freechlorineandchloraminesreadilyreactwithavarietycompounds,includingorganicsubstances, 
and inorganic substances like iron and manganese. The stoichiometry of chlorinereactions 
withorganicscanbe representedasshownbelow: 

 
HOCl: 

1/10C5H7O2N +HOCl 4/10CO2+ 1/10HCO3-+1/10NH4++H++Cl-+ 1/10H2O 

 
OCl-: 

1/10C5H7O2N + OCl- 4/10CO2+ 1/10HCO3-+1/10NH4++Cl-+1/10H2O 

 
NH2Cl: 

1/10C5H7O2N +NH2Cl + 9/10H2O 4/10CO2+ 1/10HCO3-+11/10NH4++Cl- 

 
Chlorine demand can be increased by oxidation reactions with inorganics, such as reduced 
ironat corrosion sites at the pipe wall. Possible reactions with all forms of chlorine and iron are 
asfollows: 

 
TreatmentPlant Layout andSiting 

 

Plant layout is the arrangement of designed treatment units on the selected site. Siting is 

theselection of site for treatment plant based on features as character, topography, and 
shoreline.Site development should take the advantage of the existing site topography. The 
followingprinciplesareimportanttoconsider: 

 
1. Asiteonaside-

hillcanfacilitategravityflowthatwillreducepumpingrequirementsandlocatenormalsequence 
ofunitswithoutexcessiveexcavationorfill. 



 
 

2. When landscaping is utilized it should reflect the character of the surrounding area. 
Sitedevelopment should alter existing naturally stabilized site contours and drainage as 
littleaspossible. 

3. Thedevelopedsiteshouldbecompatiblewiththeexistinglandusesandthecomprehensivedev
elopmentplan. 
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TreatmentPlantHydraulics 
 

Hydraulicprofileisthegraphicalrepresentationofthehydraulicgradelinethroughthetreatment plant. 

The head loss computations are started in the direction of flow using watersurface in the influent 
of first treatment unit as the reference level. The total available head atthe treatment plant is 
the difference in water surface elevations in the influent of first treatmentunit and that in the 
effluent of last treatment unit. If the total available head is less than the headloss through the 
plant, flow by gravity cannot be achieved. In such cases pumping is needed toraisethe head 
sothat flow by gravitycanoccur. 

 
There are many basic principles that must be considered when preparing the hydraulic 
profilethroughthe plant.Somearelisted below: 

 
1. Thehydraulicprofilesarepreparedatpeakandaveragedesignflowsandatminimuminitialflow. 
2. Thehydraulicprofileis generallyprepared for allmain pathsofflowthroughtheplant. 
3. Theheadlossthroughthetreatmentplantisthesumofheadlossesinthetreatmentunitsandthe 

connectingpipingandappurtenances. 
4. Theheadlossesthroughthetreatment unitinclude thefollowing: 

a. Headlossesatthe influentstructure. 
b. Headlossesatthe effluentstructure. 
c. Headlossesthroughtheunit. 
d. Miscellaneous andfreefall surfaceallowance. 

5. Thetotallossthrough theconnectingpipings,channelsandappurtenances isthesum 
offollowing: 

a. Headlossdue toentrance. 
b. Head lossdue toexit. 
c. Head lossduetocontractionand enlargement. 
d. Head lossdue tofriction. 
e. Head lossdue tobends,fittings,gates, valves,andmeters. 
f. Headrequiredoverweirandotherhydraulic controls. 
g. Free-fallsurface allowance. 
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ModuleIII 
 

WastewaterQuantityEstimation 
 

The flow of sanitary sewage alone in the absence of storms in dry season is known as 

dryweatherflow (DWF). 

 
Quantity=Per capitasewagecontributedper dayxPopulation 

 
Sanitary sewage is mostly the spent water of the community draining into the sewer system. 

Ithas been observed that a small portion of spent water is lost in evaporation, seepage in 

ground,leakage,etc.Usually 80%ofthewatersupply may beexpectedto reachthesewers. 

 
FluctuationsinDryWeather Flow 

 

Since dry weather flow depends on the quantity of water used, and as there are fluctuations 

inrateofwaterconsumption,therewillbefluctuationsindryweatherflowalso.Ingeneral,itcanbe 

assumed that (i) Maximum daily flow = 2x average daily flow and (ii) Minimum daily flow 

=2/3x(averagedailyflow). 

 
PopulationEquivalent 

 

Population equivalent is a parameter used in the conversion of contribution of wastes 

fromindustrial establishments for accepting into sanitary sewer systems. The strength of 

industrialsewageis,thus,writtenas 

 
Std.BOD5= (Std. BOD5ofdomesticsewage per personperday)x(population equivalent) 

 
DesignPeriods&PopulationForecast 

 

This quantity should be worked out with due provision for the estimated requirements of 

thefuture. The future period for which a provision is made in the water supply scheme is known 

asthe design period. It is suggested that the construction of sewage treatment plant may 

becarried out in phases with an initial design period ranging from 5 to 10 years excluding 

theconstructionperiod. 

 
Designperiod is estimatedbased onthefollowing: 



 
 

 Usefullifeofthe component,consideringobsolescence,wear,tears,etc. 

 Expandabilityaspect. 

 Anticipated rate of growth of population, including industrial, commercial developments 

&migration-immigration. 

 Availableresources. 

 Performanceofthesystemduring initialperiod. 

 
Populationforecastingmethods: 

 
The various methods adopted for estimating future populations are given below. The 

particularmethod to be adopted for a particular case or for a particular city depends largely on 

the factorsdiscussed in the methods, and the selection is left to the discretion and intelligence of 

thedesigner. 

 
1. ArithmeticIncreaseMethod 

2. GeometricIncreaseMethod 

3. IncrementalIncreaseMethod 

4. DecreasingRateofGrowthMethod 

5. SimpleGraphicalMethod 

6. ComparativeGraphicalMethod 

7. Ratio Method 

8. Logistic CurveMethod 

 
WastewaterCharacterization 

 

To design a treatment process properly, characterization of wastewater is perhaps the 

mostcritical step. Wastewater characteristics of importance in the design of the activated 

sludgeprocess canbegroupedintothefollowingcategories: 

 
Temperature
pH 
ColourandOdourCarbona
ceous substratesNitrogen 
Phosphorous
Chlorides 
Total and volatile suspended solids (TSS and 
VSS)Toxicmetalsand compounds 
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DesignofSewers 
 

Thehydraulicdesignofsewersanddrains,whichmeansfindingouttheirsectionsandgradients,isgener

allycarriedoutonthesamelinesasthatofthewatersupplypipes.However, 
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therearetwomajordifferencesbetweencharacteristicsofflowsinsewersandwatersupplypipes.Theyare: 

 
 The sewage contain particles in suspension, the heavier of which may settle down at 

thebottom of the sewers, as and when the flow velocity reduces, resulting in the clogging 

ofsewers. To avoid silting of sewers, it is necessary that the sewer pipes be laid at such 

agradient, astogenerateselfcleansingvelocities atdifferentpossibledischarges. 

 The sewer pipes carry sewage as gravity conduits, and are therefore laid at a 

continuousgradient in the downward direction upto the outfall point, from where it will be 

lifted up,treatedand disposedof. 

 
Hazen-William's formula; U=0.85 C 

rH
0.63S0.54Manning'sformula:

 U=1/nrH
2/3S1/2 

where,U=velocity,m/s;rH=hydraulicradius,m;S=slope,C=Hazen-William'scoefficient,andn 

= Manning'scoefficient. 

 
Darcy-Weisbachformula: hL=(fLU2)/(2gd) 

 
MinimumVelocity 

 

The flow velocity in the sewers should be such that the suspended materials in sewage do 

notget silted up; i.e. the velocity should be such as to cause automatic self-cleansing effect. 

Thegeneration ofsuch a minimumself cleansing velocity in the sewer, atleast once a day, 

isimportant, because if certain deposition takes place and is not removed, it will obstruct free 

flow,causingfurtherdepositionandfinally leadingtothecompleteblockingofthesewer. 

 
MaximumVelocity 

 

The smooth interior surface of a sewer pipe gets scoured due to continuous abrasion caused 

bythesuspendedsolidspresentinsewage.Itis,therefore,necessarytolimitthemaximumvelocity in 

the sewer pipe. This limiting or non-scouring velocity will mainly depend upon thematerialofthe 

sewer. 

 
EffectsofFlowVariationonVelocityinaSewer 

 

Due to variation in discharge, the depth of flow varies, and hence the hydraulic mean depth 

(r)varies. Due to the change in the hydraulic mean depth, the flow velocity (which depends 

directlyon r2/3) gets affected from time to time. It is necessary to check the sewer for maintaining 

aminimum velocity of about 0.45 m/s at the time of minimum flow (assumed to be 1/3rd of 

averageflow). The designer should also ensure that a velocity of 0.9 m/s is developed atleast at 

the timeof maximum flow and preferably during the average flow periods also. Moreover, care 

should betaken to see that at the time of maximum flow, the velocity generated does not exceed 

thescouringvalue. 



 
 

SewerAppurtenances 
 

Sewer appurtenances are the various accessories on the sewerage system and are 

necessaryfor the efficient operation of the system. They include man holes, lamp holes, street 

inlets, catchbasins,inverted siphons,andsoon. 

 
Man-holes:Manholesaretheopeningsofeithercircularorrectangularinshapeconstructedon the 

alignment of a sewer line to enable a person to enter the sewer for inspection, cleaningand 

flushing. They serve as ventilators for sewers, by the provisions of perforated man-

holecovers.Also theyfacilitatethe layingofsewerlinesinconvenientlength. 

 
Man-holes are provided at all junctions of two or more sewers, whenever diameter of 

sewerchanges, whenever direction of sewer line changes and when sewers of different 

elevations jointogether. 

 
SpecialMan-holes: 

 
Junction chambers: Man-holeconstructed at the intersectionoftwo largesewers. 

 
Dropman-hole:Whenthedifferenceinelevationoftheinvertlevelsoftheincomingandoutgoing sewers 

of the man-hole is more than 60 cm, the interception is made by dropping 

theincomingsewerverticallyoutsideandthenitisjointed totheman-holechamber. 

 
Flushing man-holes: They are located at the head of a sewer to flush out the deposits in 

thesewerwithwater. 

 
Lamp-holes: Lamp holes are the openings constructed on the straight sewer lines between 

twoman-holes which are far apart and permit the insertion of a lamp into the sewer to find 

outobstructionsifanyinsidethesewersfromthenextman-hole. 

 
Streetinlets:Streetinletsaretheopeningsthroughwhichstormwaterisadmittedandconveyedtothest

ormsewerorcombinedsewer.Theinletsarelocatedbythesidesofpavementwithmaximumspacingof3

0 m. 

 
Catch Basins: Catch basins are small settling chambers of diameter 60 - 90 cm and 60 - 75 

cmdeep, which are constructed below the street inlets. They interrupt the velocity of storm 

waterentering through the inlets and allow grit, sand, debris and so on to settle in the basin, 

instead ofallowingthem toenterintothe sewers. 

 
Inverted siphons: Thesearedepressedportionsofsewers,which flow fullunderpressuremore than 

the atmospheric pressure due to flow line being below the hydraulic grade line. Theyare 

constructed when a sewer crosses a stream or deep cut or road or railway line. To clean 

thesiphon pipe sluice valve is opened, thus increasing the head causing flow. Due to 

increasedvelocitydepositsofsiphonpipearewashedinto thesump,fromwherethey areremoved. 



 
 

Pumpingof Sewage 
 

Pumping of sewage is required when it is not possible to have a gravitational flow for the 

entiresewerageproject. 

 
Sufficientpumpingcapacityhastobe provided tomeet the peakflow,atleast50%asstand by. 

 
Typesofpumps: 

 
1. Centrifugalpumpseitheraxial,mixedandradialflow. 

2. Pneumatic ejectorpumps. 

 
The raw sewage must be treated before it is discharged into the river stream. The extent 

oftreatment required to be given depends not only upon the characteristics and quality of 

thesewage but also upon the source of disposal, its quality and capacity to tolerate the 

impuritiespresentinthesewageeffluentswithoutitselfgettingpotentiallypolluted.Thelayoutofconvent

ionalwastewatertreatmentplantisasfollows: 

 
 

 
 

 

Indian Standardsfordischarge ofsewagein surface watersaregiven in the table below. 
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IndianStandardsforDischargeofSewageinSurfaceWaters 
 
 

CharacteristicoftheEffluent 
TolerancelimitforDischargeofSewageinSufaceWate

rSources 

BOD5 20mg/L 

TSS 30mg/L 

 
Theunitoperationsandprocesses commonly employedin domestic wastewatertreatment,theirfunctions 

andunitsusedtoachievethesefunctionsaregiveninthefollowingtable: 

 
UnitOperations/Processes,TheirFunctionsandUnitsUsedforDomesticWastewaterTreatment 



 
 

UnitOperations/Proce

sses 
Functions TreatmentDevices 

Screening Removal of large

 floating,suspended 

andsettleablesolids 

Barracksandscreensofvariousdescrip

tion 

GritRemoval Removalofinorganicsuspendedsoli

ds 

Grit chamber 

PrimarySedimentation Removal of

 organic/inorganicsettle

ablesolids 

Primarysedimentationtank 

Aerobic

 Biological

Suspended 

 GrowthPr

ocess 

Conversion of colloidal, 

dissolvedandresidualsuspendedor

ganicmatterintosettleablebioflocan

dstableinorganics 

Activated sludge process units andits 

modifications, Waste 

stabilisationponds,Aeratedlagoons 

AerobicBiologicalAttached 

GrowthProcess 

sameasabove Trickling  filter,  Rotating  biological 

contactor 

Anaerobicbiologicalgrowthp

rocesses 

Conversion of organic matter 

intoCH4&CO2andrelativelystableor

ganicresidue 

Anaerobicfilter,Fluidbedsubmerged 

media anaerobic 

reactor,Upflowanaerobicsludgeblank

et 

reactor, Anaerobic rotating 

biologicalcontactor 

AnaerobicStabilizationofOrg

anic Sludges 

sameasabove Anaerobicdigestor 

 

 

Screening 
 

A screen is a device with openings for removing bigger suspended or floating matter in 

sewagewhich would otherwise damage equipment or interfere with satisfactory operation of 

treatmentunits. 

 
TypesofScreens 

 

Coarse Screens: Coarse screens also called racks, are usually bar screens, composed 

ofvertical or inclined bars spaced at equal intervals across a channel through which sewage 

flows.Bar screens with relatively large openings of 75 to 150 mm are provided ahead of pumps, 

whilethoseahead ofsedimentationtankshavesmalleropeningsof50 mm. 

 
Bar screens are usually hand cleaned and sometimes provided with mechanical devices. 

Thesecleaning devices are rakes which periodically sweep the entire screen removing the solids 

forfurther processing or disposal. Hand cleaned racks are set usually at an angle of 45° to 

thehorizontal to increase the effective cleaning surface and also facilitate the raking 



 
 

operations.Mechanicalcleanedracksaregenerallyerectedalmostvertically.Suchbarscreenshaveop

enings25%inexcessofthecross sectionofthesewagechannel. 



 
 

Medium Screens: Medium screens have clear openings of 20 to 50 mm.Bar are usually 10 

mmthick on the upstream side and taper slightly to the downstream side. The bars used for 

screensare rectangular in cross section usually about 10 x 50 mm, placed with larger dimension 

paralleltotheflow. 

 
Fine Screens: Fine screens are mechanically cleaned devices using perforated plates, 

wovenwire cloth or very closely spaced bars with clear openings of less than 20 mm. Fine 

screens arenotnormally suitableforsewagebecauseofcloggingpossibilities. 

 
Themostcommonlyusedbartypescreenisshown infigure: 

 
Velocity 

 

The velocity of flow ahead of and through the screen varies and affects its operation. The 

lowerthe velocity through the screen, the greater is the amount of screenings that would be 

removedfromsewage.However,thelowerthe velocity,the greaterwouldbe theamount 

ofsolidsdeposited in the channel. Hence, the design velocity should be such as to permit 100% 

removalof material of certain size without undue depositions. Velocities of 0.6 to 1.2 mps 

through theopen area for the peak flows have been used satisfactorily. Further, the velocity 

at low flows intheapproach channelshouldnot belessthan0.3mps toavoiddepositionofsolids. 

 
Head loss 

 

Head loss varies with the quantity and nature of screenings allowed to accumulate 

betweencleanings. The head loss created by a clean screen may be calculated by considering 

the flowand the effective areas of screen openings, the latter being the sum of the vertical 

projections ofthe openings. The head loss through clean flat bar screens is calculated from the 

followingformula: 

 
h =0.0729(V2-v2) 

 
where,h=headlossinm 

 
V=velocity throughthescreenin mpsv 

=velocity beforethescreeninmps 

AnotherformulaoftenusedtodeterminetheheadlossthroughabarrackisKirschmer'sequation: 

 
h=K(W/b)4/3hvsinθwher

eh=headloss,m 



 
 

K=barshapefactor(2.42forsharpedgerectangularbar,1.83forrectangularbarwithsemicircle 
upstream, 1.79 for circular bar and 1.67 for rectangular bar with both u/s and d/s 
faceassemicircular). 
W=maximumwidthofbaru/sofflow,m 
b= minimumclearspacingbetween bars, m 
hv=velocityheadofflowapproachingrack, m=v2/2gθ = 
angle ofinclinationofrackwith horizontal 
Theheadlossthrough finescreenis 
givenbyh=(1/2g)(Q/CA) 
where, h = head loss, 
mQ=discharge,m3/s 
C = coefficient of discharge (typical value 
0.6)A=effectivesubmerged openarea,m2 
Thequantityofscreenings depends onthenatureofthewastewaterand thescreenopenings. 

 
EqualizationTanks 

 

Theequalizationtanksareprovided(i)tobalancefluctuatingflowsorconcentrations,(ii)toassist self 

neutralization, or (iii) to even out the effect of a periodic "slug" discharge from a batchprocess. 

 
TypesofEqualizationTanks 

 

Equalizationtanksaregenerallyofthreetypes: 

 
1. Flowthrough type 

2. Intermittentflowtype 

3. Variableinflow/constantdischargetype 

 
The simple flow through type equalization tank is mainly useful in assisting self 

neutralizationor evening out of fluctuating concentrations, not for balancing of flows since a flow 

through typetankoncefilled, givesoutputequalto input. 

 
Flow balancing and self-neutralization are both achieved by using two tanks, intermittently 

oneafter another. One tank is allowed to fill up after which it is checked for pH (or any 

otherparameter) and then allowed to empty out. The second tank goes through a similar 

routine.Intermittentflowtypetanksare economicfor small flows fromindustries. 

 
When flows are large an equalization tank of such a size may have to be provided that 

inflowcan be variable while outflow is at a constant rate, 

generallybyapump.Thecapacityrequiredisdeterminedfromaplotofthecumulativeinflowandaplotofth

econstantrateoutflow and measuring the gaps between the two plots. A factor of safety may be 

applied ifdesired. 



 
 

Generally, detention time vary from 2 to 8 hours but may be even 12 hours or more in 

somecases. When larger detention times are required, the equalization unit is sometimes 

provided intheformoffacultativeaeratedlagoon. 
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GritChambers 
 

Gritchambersarebasintoremovetheinorganicparticlestopreventdamagetothepumps,andtoprevent

theiraccumulationinsludgedigestors. 

 
Typesof GritChambers 

 

Grit chambers are of two types: mechanically cleaned and manually cleaned. In 

mechanicallycleaned grit chamber, scraper blades collect the grit settled on the floor of the grit 

chamber. 

Thegritsocollectediselevatedtothegroundlevelbyseveralmechanismssuchasbucketelevators,jetp

umpandairlift.Thegritwashingmechanismsarealsoofseveraldesignsmostof which are agitation 

devices using either water or air to produce washing action. Manuallycleaned grit chambers 

should be cleaned atleast once a week. The simplest method of cleaningisby meansofshovel. 

 
AeratedGritChamber 

 

An aerated gritchamberconsistsofa standard spiral flow aeration tankprovidedwith 

airdiffusiontubesplacedononesideofthetank.Thegritparticlestendtosettledowntothebottom of the 

tank at rates dependant upon the particle size and the bottom velocity of roll of thespiral flow, 

which in turn depends on the rate of air diffusion through diffuser tubes and shape ofaeration 

tank. The heavier particles settle down whereas the lighter organic particles are 

carriedwithrollofthe spiral motion. 

 
PrincipleofWorkingofGrit Chamber 

 

Grit chambers are nothing but like sedimentation tanks, designed to separate the 

intendedheavier inorganic materials (specific gravity about 2.65) and to pass forward the lighter 

organicmaterials. Hence, the flow velocity should neither be too low as to cause the settling of 

lighterorganicmatter,norshoulditbetoohighasnottocausethesettlementofthesiltandgritpresent in 

the sewage. This velocity is called "differential sedimentation and differential scouringvelocity". 

The scouring velocity determines the optimum flow through velocity. This may beexplained by 

the fact that the critical velocity of flow 'vc' beyond which particles of a certain sizeand density 

once settled, may be again introduced into the stream of flow. It should always beless than the 

scouring velocity of grit particles. The critical velocity of scour is given by Schield'sformula: 

 
V=3to4.5 (g(Ss -1)d)1/2 



 
 

e 

A horizontal velocity of flow of 15 to 30 cm/sec is used at peak flows. This same velocity is to 

bemaintained at all fluctuation of flow to ensure that only organic solids and not the grit is 

scouredfromthebottom. 

 
Typesof VelocityControl Devices 

 

1. Asutroweirinachannelofrectangularcrosssection,withfreefalldownstreamofthechannel. 

2. Aparabolic shapedchannelwitharectangularweir. 

3. Arectangularshapedchannelwithaparshallflumeattheendwhichwouldalsohelpeasyflow 

measurement. 

 
DesignofGrit Chambers 

 

SettlingVelocity 

 
Thesettlingvelocityofdiscreteparticlescanbedeterminedusingappropriateequationdependingupon 

Reynoldsnumber. 

 
 Stoke'slaw:v=g(Ss-1)d2 

 18μ 

 
Stoke'slaw holdsgoodforReynoldsnumber,Rebelow 1. 

 
Re=ρvd 

μ 

 
Forgritparticlesofspecificgravity2.65andliquidtemperatureat10°C,μ=1.01x 10-6m2/s.Thiscorresponds 

toparticlesofsizeless than0.1mm. 

 
 Transition law: The design of grit chamber is based on removal of grit particles 

withminimum size of 0.15 mm and therefore Stoke's law is not applicable to determine 

thesettlingvelocityofgritparticles fordesignpurposes. 

 
v2=4g(ρp-

ρ)d3CD

ρ 

 
where,CD=dragcoefficientTransitionflowconditionsholdgoodforReynoldsnumber,Rebetween1and

1000.InthisrangeCDcanbe approximatedby 

 
CD=18.5=18.5 

R0.6(ρvd/μ)0.6 

 
PrimarySedimentation 



 
 

Primarysedimentationinamunicipalwastewatertreatmentplantisgenerallyplainsedimentation 

without the use ofchemicals. In treatingcertain industrial wastes chemicallyaided sedimentation 

may be involved. In either case, it constitutes flocculent settling, and theparticles do not 

remain discrete as in the case of grit, but tend to agglomerate or 

coagulateduringsettling.Thus,theirdiameterkeepsincreasingandsettlementproceedsatanoverincr

easingvelocity.Consequently,theytracea curvedprofile. 

 
Thesettlingtankdesigninsuch casesdependsonboth surfaceloadinganddetentiontime. 

 
Long tube settling tests can be performed in order to estimate specific value of surface 

loadingand detention time for desired efficiency of clarification for a given industrial wastewater 

usingrecommended methods of testing. Scale-up factors used in this case range from 1.25 to 

1.75 

fortheoverflowrate,andfrom1.5to2.0fordetentiontimewhenconvertinglaboratoryresultstotheprototy

pedesign. 

 
For primary settling tanks treating municipal or domestic sewage, laboratory tests are 

generallynotnecessary,andrecommendeddesignvaluesgivenintablemaybeused.Usinganappropri

ate value ofsurface loading fromtable, the required tankarea is computed.Knowingthe average 

depth, the detention time is then computed. Excessively high detention time (longerthan 2.5 h) 

must be avoided especially in warm climates where anaerobicity can be quicklyinduced. 

 
Designparametersforsettlingtank 

 
 

Typesofsettling 
Overflow

 rate

m3m2/day 

Solids

 loading

kg/m2/day 

Depth 
Detention

time 

 Average Peak Average Peak   

Primarysettling only 25-30 50-60 - - 
2.5- 

3.5 
2.0-2.5 

Primary settling followed by 

secondary treatment 
35-50 

60- 

120 
- - 

2.5- 

3.5 

 

Primary settling with activated 

sludge return 
25-35 50-60 - - 

3.5- 

4.5 
- 

Secondarysettlingfortricklingfilters 
15-25 40-50 70-120 190 

2.5- 

3.5 
1.5-2.0 

Secondarysettlingforactivatedslud

ge(excludingextendedaeration) 

 
15-35 

 
40-50 

 
70-140 

 
210 

3.5- 

4.5 

 
- 

Secondarysettlingforextended 

aeration 
8-15 25-35 25-120 170 

3.5- 

4.5 
- 
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ClassificationofMicroorganisms 
 

1. NutritionalRequirements:Onthebasisofchemicalformofcarbonrequired,microorganisms 

areclassified as 

a. Autotrophic:organismsthatuseCO2orHCO-astheirsole source ofcarbon. 

b. Heterotrophic:organisms thatusecarbonfromorganiccompounds. 

Energy Requirements: On the basis of energy source required, microorganisms 

areclassifiedas 

.Phototrophs: organismsthatuselightastheirenergysource. 

a. Chemotrophs: organisms that employ oxidation-reduction reactions to 

provideenergy. They are further classified on the basis of chemical compounds 

oxidized(i.e.,electron donor) 

i. Chemoorganotrophs: Organisms that use complex organic molecules 

astheirelectron donor. 

ii. Chemoautotrophs: Organisms that use simple inorganic molecules 

suchashydrogen sulfideorammoniaastheirelectrondonor. 

TemperatureRange:Onthebasisoftemperaturerangewithinwhichtheycanproliferate,micro

organismsareclassifiedas 

.Psychrophilic:organismswhosegrowthisoptimumwithin 15 to30°C. 

a. Mesophilic:organismswhosegrowthis optimum within30to45°C. 

b. Thermophilic: organismswhosegrowthisoptimumwithin45 to70°C. 

OxygenRequirements:Onthebasisofoxygenrequirementmicroorganismsareclassifiedas 

.Aerobes: organisms thatusemolecular oxygenas electronacceptor. 

a. Anaerobes: organisms that use some molecule other than molecular oxygen 

aselectronacceptor. 

b. Facultative organisms : organisms that can use either molecular oxygen or 

someotherchemicalcompoundaselectron acceptor. 

 
GrowthPatternofMicroorganisms 

 

When a small number of viable bacterial cells are placed in a close vessel containing 

excessivefood supply in a suitable environment, conditions are established in which unrestricted 

growthtakes place. However, growth of an organism do not go on indefinitely, and after a 

characteristicsize is reached, the cell divides due to hereditary and internal limitations. The 

growth rate mayfollowapatternsimilarto asshowninfigure 



 
 

 

 
 

 
Thecurveshown maybe dividedinto sixwell definedphases: 

 
1. LagPhase:adaptationtonewenvironment, longgenerationtimeand nullgrowthrate. 

2. Accelarationphase:decreasing generationtimeand increasinggrowthrate. 

3. Exponentialphase:minimalandconstantgenerationtime,maximalandconstantspecific 

growthrateandmaximumrateofsubstrateconversion. 

4. Declining growth phase: increasing generation time and decreasing specific growth 

ratedue to gradual decrease in substrate concentration and increased accumulation of 

toxicmetabolites. 

5. Stationary phase: exaustion of nutrients, high concentration of toxic metabolites, 

andcellsinastateofsuspendedanimation. 

6. Endogenousphase: endogenousmetabolism,highdeathrate andcell lysis. 

 
BiomassGrowth Rate 

 

Themostwidely used expressionforthegrowthrateof microorganismsisgivenbyMonod: 

 
Totalrateofmicrobialgrowth,dx=μmXS 

dt Ks+S 
where, 
μm= maximumspecificgrowthrateX = 
microorganismconcentration 
S =substrate concentration 
Ks=substrate concentrationat one halfthemaximum 
growthrateSimilarly,rateofsubstrateutilization, 

dS=kXSdt
 Ks+S 

where, 
k =maximumspecificsubstrateutilizationrate 



 
 

MaintenanceasEndogenousRespiration 
 

Net growth rate of micro organisms is computed by subtracting from the total growth rate, 

therate of micro organisms endogenously decayed to satisfy maintenance energy 

requirement.Therefore, 

 
Netrateofmicrobialgrowth=μmXS- kdX 

Ks+S 
where,kd=endogenousdecaycoefficient 

 
GrowthYield 

 

Growth yield is defined as the incremental increase in biomass which results from the 

utilizationoftheincrementalamountofsubstrate.Themaximumspecificgrowthrateisgivenby: m=Y.k 

 
where, Y is the maximum yield coefficient and is defined as the ratio of maximum mass of 

cellsformed to the mass of substrate utilized.The coefficientsY, kd, kand Ksaredesignated 

askinetic coefficients. The values of kinetic coefficients depend upon the nature of wastewater 

andoperational and environmental conditions in biological reactor. The biological reactors can 

becompletely mixed flow orplug flow reactorwithor withoutrecycle. 

 
ActivatedSludgeProcess 

 

Themostcommonsuspendedgrowthprocessusedformunicipalwastewatertreatmentistheactivatedsludge 

processasshownin figure: 
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Activatedsludgeplantinvolves: 

 
1. wastewateraerationinthepresenceofamicrobial suspension, 

2. solid-liquidseparationfollowingaeration, 

3. discharge ofclarifiedeffluent, 

4. wastingofexcessbiomass,and 

5. return of remainingbiomass tothe aerationtank. 

 
Inactivatedsludgeprocesswastewatercontainingorganicmatterisaeratedinanaerationbasin in 

which micro-organisms metabolize the suspended and soluble organic matter. Part oforganic 

matter is synthesized into new cells and part is oxidized to CO2 and water to deriveenergy. In 

activated sludge systems the new cells formed in the reaction are removed from theliquid stream 

in the form of a flocculent sludge in settling tanks. A part of this settled biomass,described as 

activated sludge is returned to the aeration tank and the remaining forms waste orexcesssludge. 

 
ActivatedSludgeProcessVariables 

 

Themain variables ofactivatedsludge processare themixingregime,loadingrate,andtheflowscheme. 



 
 

MixingRegime 
 

Generally two types of mixing regimes are of major interest in activated sludge process: 

plugflow and complete mixing. In the first one, the regime is characterized by orderly flow of 

mixedliquor through the aeration tank with no element of mixed liquor overtaking or mixing with 

anyother element. There may be lateral mixingof mixed liquor but there must be no mixing 

alongthepathofflow. 

 
In complete mixing, the contents of aeration tank are well stirred and uniform throughout. 

Thus,atsteadystate,theeffluentfromtheaerationtankhasthesamecompositionastheaerationtankco

ntents. 

 
The type of mixing regime is very important as it affects (1) oxygen transfer requirements in 

theaeration tank, (2) susceptibility of biomass to shock loads, (3) local environmental conditions 

intheaerationtank,and(4)the kineticsgoverningthetreatmentprocess. 

 
LoadingRate 

 

Aloadingparameterthathasbeendevelopedovertheyearsisthehydraulicretentiontime 
(HRT),θ,d 
θ=V 

Q 
V=volumeofaerationtank, m3,andQ=sewage inflow,m3/d 

 
Another empirical loading parameter is volumetric organic loading which is defined as 

theBODappliedperunitvolumeofaerationtank,perday. 

 
A rational loading parameter which has found wider acceptance and is preferred is 
specificsubstrateutilizationrate,q,perday. 
q= Q (SO - 

Se)VX 
A similar loading parameter is mean cell residence time or sludge retention time (SRT), θc, 

dθc=V X         

QwXr+(Q-QwXe) 

where SO and Se are influent and effluent organic matter concentration respectively, 

measuredas BOD5 (g/m3), X, Xe and Xr are MLSS concentration in aeration tank,effluentand 

returnsludge respectively,andQw=wasteactivatedsludgerate. 

Understeadystate operationthemassofwaste activatedsludgeis givenby 

 

QwXr=YQ(SO-Se)-kdXV 

 
where Y= maximum yield coefficient (microbial mass synthesized / mass of substrate 

utilized)and kd=endogenousdecay rate(d-1). 



 
 

Fromtheaboveequationitis seen that1/θc =Yq-kd 

 
IfthevalueofSeissmallascomparedSO,qmayalsobeexpressedasFoodtoMicroorganismratio,F/M 

 
F/M =Q(SO-Se)/XV =QSO/XV 

 
Theθcvalueadoptedfordesigncontrolstheeffluentquality,andsettleabilityanddrainabilityofbiomass,oxygenr

equirementandquantity ofwasteactivatedsludge. 

 
FlowScheme 

 

Theflow schemeinvolves: 

 
 the patternofsewageaddition 

 the pattern ofsludgereturntotheaerationtankand 

 the patternofaeration. 

 
Sewage addition may be at a single point at the inlet end or it may be at several points along 

theaeration tank. The sludge return may be directly from the settling tank to the aeration tank 

orthrough a sludge reaeration tank. Aeration may be at a uniform rate or it may be varied from 

theheadofthe aeration tankto itsend. 

 
ConventionalSystemanditsModifications 

 

Theconventionalsystemmaintainsaplugflowhydraulicregime.Overtheyears,severalmodificationst

otheconventionalsystemhavebeendevelopedtomeetspecifictreatmentobjectives. In step 

aeration settled sewage is introduced at several points along the tank 

lengthwhichproducesmoreuniformoxygendemandthroughout.Taperedaerationattemptstosupply 

air to match oxygen demand along the length of the tank. Contact stabilization providesfor 

reaeration of return activated sludge from from the final clarifier, which allows a 

smalleraerationorcontacttank.Completelymixed 

processaimsatinstantaneousmixingoftheinfluent waste and return sludge with the entire contents 

of the aeration tank. Extended 

aerationprocessoperatesataloworganicloadproducinglesserquantityofwellstabilizedsludge. 

 
DesignConsideration 

 

Theitemsforconsiderationinthedesignofactivatedsludgeplantareaerationtankcapacityand 

dimensions, aeration facilities, secondary sludge settling and recycle and excess sludgewasting. 

 
AerationTank 

 

Thevolumeofaerationtankiscalculatedfortheselectedvalueof cbyassumingasuitablevalueofMLS

Sconcentration,X. 

http://nptel.ac.in/courses/105104102/flow%20sheet%20Ex%20A.htm
http://nptel.ac.in/courses/105104102/flow%20sheet%20Ex%20A.htm


 
 

 
 

VX=YQθc(SO-S) 

1+ kdθc 

Alternately, the tank capacity may be designed 

fromF/M =QSO/XV 

Hence, the first step in designing is to choose a suitable value of θc (or F/M) which depends 

ontheexpectedwintertemperatureofmixedliquor,thetypeofreactor,expectedsettlingcharacteristics 

of the sludge and the nitrification required. The choice generally lies between 5days in warmer 

climates to 10 days in temperate ones where nitrification is desired alongwithgoodBOD 

removal,and completemixingsystemsareemployed. 

 
ThesecondstepistoselecttwointerrelatedparametersHRT,tandMLSSconcentration.Itis seen 

that economy in reactor volume can be achieved by assuming a large value of X.However, it is 

seldom taken to be more than 5000 g/m3. For typical domestic sewage, the MLSSvalue of 2000-

3000 mg/l if conventional plug flow type aeration system is provided, or 3000-5000 mg/l for 

completely mixed types. Considerations which govern the upper limit are: initialand running cost 

of sludge recirculation system to maintain a high value of MLSS, limitations ofoxygen transfer 

equipment to supply oxygen at required rate in small reactor volume, increasedsolids loading on 

secondary clarifier which may necessitate a larger surface area, design criteriafor the 

tankandminimumHRTforthe aeration tank. 

 
The length of the tank depends upon the type of activated sludge plant. Except in the case 

ofextended aeration plants and completely mixed plants, the aeration tanks are designed as 

longnarrow channels. The width and depth of the aeration tank depends on the type of 

aerationequipmentemployed.Thedepthcontroltheaerationefficiencyandusuallyrangesfrom3to4.5 

m. The width controls the mixing and is usually kept between 5 to 10 m. Width-depth 

ratioshould be adjusted to be between 1.2 to 2.2. The length should not be less than 30 or 

notordinarily longerthan100m. 

 
OxygenRequirements 

 

Oxygen is reqiured in the activated sludge process for the oxidation of a part of the 

influentorganic matter and also for the endogenous respiration of the micro-organisms in the 

system.Thetotaloxygenrequirementofthe process may be formulated asfollows: 

O2required (g/d)= Q(SO -S)-1.42QwXr 

f 



 
 

where, f=ratioofBOD5 toultimateBODand1.42 =oxygendemandofbiomass (g/g) 

 
Theformula doesnotallowfornitrification butallowsonlyfor carbonaceous BODremoval. 
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AerationFacilities 
 

The aeration facilitiesof the activated sludge plantare designed to provide the 

calculatedoxygendemandofthewastewateragainstaspecificlevelofdissolvedoxygeninthewastewat

er. 

 
SecondarySettling 

 

Secondarysettlingtanks,whichreceivethebiologicallytreatedflowundergozoneorcompression 

settling. Zone settling occurs beyond a certain concentration when the particlesare close 

enough together that interparticulate forces may hold the particles fixed relative to 

oneanothersothatthewholemasstendstosettleasasinglelayeror"blanket"ofsludge.Therateat which 

a sludge blanket settles can be determined by timing its position in a settling 

columntestwhoseresultscan beplotted as shownin figure. 

 
Compression settling may occur at the bottom of a tank if particles are in such a 

concentrationas to be in physical contact with one another. The weight of particles is partly 

supported by thelower layers of particles, leading to progressively greater compression with 

depth and thickeningof sludge. From the settling column test, the limiting solids flux required to 

reach any 

desiredunderflowconcentrationcanbeestimated,fromwhichtherquiredtankareacanbecomputed. 

 
The solidsloadon the clarifierisestimatedin termsof (Q+R)X, whiletheoverflow rateorsurface 

loading is estimated in terms of flow Q only (not Q+R) since the quantity R is withdrawnfrom the 

bottom and does not contribute to the overflow from the tank. The secondary settlingtank is 

particularly sensitive to fluctuations in flow rate and on this account it is recommendedthat the 

units be designed not only for average overflow rate but also for peak overflow rates.Beyond an 

MLSS concentration of 2000 mg/l the clarifier design is often controlled by the solidsloading rate 

rather than the overflow rate. Recommended design values for treating 

domesticsewageinfinalclarifiersandmechanicalthickeners(whichalsofallinthiscategoryofcompress

ionsettling)aregiveninlecture22. 

 
SludgeRecycle 

 

TheMLSSconcentrationintheaerationtankiscontrolledbythesludgerecirculationrateandthesludge 

settleability andthickeningin thesecondary sedimentationtank. 

Qr= XQ

 Xr-X 

http://nptel.ac.in/courses/105104102/Lecture%2027.htm
http://nptel.ac.in/courses/105104102/Lecture%2022.htm


 
 

whereQr=Sludgerecirculationrate,m3/d 

 
The sludge settleability is determined by sludge volume index (SVI) defined as volume 

occupiedin mL by one gram of solids in the mixed liquor after settling for 30 min. If it is assumed 

thatsedimentation of suspended solids in the laboratory is similar to that in sedimentation tank, 

thenXr = 106/SVI. Values of SVI between 100 and 150 ml/g indicate good settling of 

suspendedsolids. The Xr value may not be taken more than 10,000 g/m3 unless separate 

thickeners areprovided to concentrate the settled solids or secondary sedimentation tank is 

designed to yield ahighervalue. 

 
ExcessSludgeWasting 

 

The sludge in the aeration tank has to be wasted to maintain a steady level of MLSS in 

thesystem.TheexcesssludgequantitywillincreasewithincreasingF/Manddecreasewithincreasing 

temperature. Excess sludge may be wasted either from the sludge return line 

ordirectlyfromtheaerationtankasmixedliquor.Thelatterispreferredasthesludgeconcentration is 

fairly steady in that case. The excess sludge generated under steady stateoperationmay 

beestimatedby 

θc=VX  

QwXr 

 
orQwXr=YQ(SO-S)- kdXV 

 
DesignofCompletelyMixedActivatedSludgeSystem 

 

Design a completely mixed activated sludge system to serve 60000 people that will give a 

finaleffluent that is nitrified and has 5-day BOD not exceeding 25 mg/l. The following design data 

isavailable. 

 
Sewageflow=150l/person-day=9000m3/dayBOD5=54g/person-day=360mg/l;BODu= 

1.47  BOD5Total   kjeldahl   nitrogen   (TKN)   =   8   g/person-day   =   53   mg/lPhosphorus = 2 

g/person-day = 13.3 mg/l Winter temperature in aeration tank = 18°C Yieldcoefficient Y = 0.6 ; 

Decay constant Kd = 0.07 per day ; Specific substrate utilization rate = 0.038mg/l)-1 (h)-1 at 18°C 

Assume 30% raw BOD5 is removed in primary sedimentation, and BOD5goingtoaeration 

is,therefore,252 mg/l(0.7x 360mg/l). 

 
Design: 

 
 

 

(a) Selectionof θc,tandMLSSconcentration: 



 
 

Considering the operating temperature and the desire to have nitrification and good 

sludgesettling characteristics, adopt θc = 5d. As there is no special fear of toxic inflows, the HRT, 

t maybekeptbetween3-4 h,andMLSS=4000 mg/l. 

 
(b) EffluentBOD5: 

Substrateconcentration,S=1(1/θc+kd)=1   (1/5 +0.07) 

qY (0.038)(0.6) 

S=12mg/l. 

 
Assume suspended solids(SS)ineffluent=20 mg/landVSS/SS=0.8. 
If degradable fraction of volatile suspended solids (VSS) =0.7 (check later), BOD5 of VSS 
ineffluent=0.7(0.8x20)=11mg/l. 
Thus,totaleffluentBOD5=12+11=23mg/l (acceptable). 

 
(c) AerationTank: 

VX=YQθc(SO -
S)whereX=0.8(4000)=3200mg/l1+kdθc 

 
or3200V=(0.6)(5)(9000)(252-12) 

 

[1 +(0.07)(5)] 
 

V =1500m3 
Detentiontime,t=1500x24=4h 

9000 
F/M=(252-12)(9000)=0.45 

kgBOD5perkgMLSSperday(3200)(1500) 
Lettheaerationtankbeintheformoffoursquareshapedcompartmentsoperatedintwoparallelrows,eac
hwithtwocellsmeasuring11mx 11mx3.1m 

 
(d) ReturnSludgePumping: 
Ifsuspendedsolids concentrationofreturnflowis1% = 10,000mg/lR=
 MLSS =0.67 

(10000)-MLSS 

 
Qr=0.67x9000 =6000m3/d 

 
(e) SurplusSludgeProduction: 
NetVSSproducedQwXr=VX=(3200)(1500)(103/106)=960 kg/dθc (5) 
orSSproduced =960/0.8=1200 kg/d 
If SS are removed as underflow with solids concentration 1% and assuming specific gravity 
ofsludgeas1.0, 
Liquidsludgetoberemoved=1200x 100/1=120,000kg/d=120 m3/d 

 

(f) OxygenRequirement: 



 
 

Forcarbonaceousdemand, 
 

oxygenrequired= (BODuremoved) - (BODuof solids leaving) 
=1.47(2160 kg/d)-1.42 (960 kg/d) 
=72.5 kg/h 

Fornitrification, oxygenrequired=4.33(TKN oxidized,kg/d) 
 

Incoming TKN at 8.0 g/ person-day = 480 kg/day. Assume 30% is removed in 
primarysedimentationandthebalance336kg/dayisoxidizedtonitrates.Thus,oxygenrequired 

=4.33x336=1455kg/day=60.6kg/h 
 

Totaloxygenrequired=72.5 +60.6 =133kg/h= 1.0 

kg/kgofBODuremoved.Oxygenuptakerate per unittankvolume=133/1500 = 

90.6mg/h/ltankvolume 

(g) PowerRequirement: 
Assume oxygenation capacity of aerators at field conditions is only 70% of the capacity 
atstandard conditions and mechanical aerators are capable of giving 2 kg oxygen per kWh 
atstandardconditions. 
Powerrequired =136  =97kW(130hp) 

0.7x2 
=(97 x24 x365)/60,000 =14.2kWh/year/person 

 
TheoryofAeration 

 

Aerationisagas-liquidmass transferprocess inwhichthedrivingforce in theliquid phase 

istheconcentrationgradient(Cs-C)forslightly solublegases. 

Mass transferperunittime=KL.a (Cs-

C)where,KL=Liquid filmcoefficient 

=Diffusion coefficient of liquid 

(D)Thickness offilm(Y) 

a=Interficialareaperunit volume 

Cs=saturationconcentration atthegas-liquidinterface and C= some lower 

valueinthebody oftheliquid. 

The value of a increases as finer and finer droplets are formed, thus increasing the gas 

transfer.However, in practice, it is not possible to measure this area and hence the overall 

coefficient(KL.a)perunittime,isdeterminedby experimentation. 

 
AdjustmentforFieldConditions 

 

Theoxygentransfercapacityunderfieldconditionscanbecalculatedfromthestandardoxygentransferc
apacityby theformula: 
N=[Ns(Cs-CL)x1.024T-20α ]/9.2 



 
 

where, 
N =oxygentransferredunderfield conditions,kgO2/h. 
Ns=oxygentransfercapacityunderstandardconditions, kg 
O2/h.Cs=DO saturationvaluefor sewage atoperatingtemperature. 
CL=operating DOlevel in aerationtankusually1 to 2 mg/L.T= 
Temperature,degree C. 
α=Correctionfactorforoxygentransferforsewage,usually0.8to0.85. 

 
AerationFacilities 

 

 Oxygenmaybesuppliedeitherbysurfaceaeratorsordiffusedaeratorsemployingfineorcoarse

diffusers. 

 Theaerationdevicesapartfromsupplyingtherequiredoxygenshallalsoprovideadequate 

mixingin order thatthe entire MLSS present in the aeration tankwill 

beavailableforbiologicalactivity. 

 Aerators are rated based on the amount of oxygen they can transfer to tap water 

understandardconditions of20°C,760mmHgbarometricpressureand zeroDO. 
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TricklingFilters 
 

 Trickling filter is an attached growth process i.e. process in which 

microorganismsresponsible fortreatmentareattached to an 

inertpackingmaterial.Packingmaterialused in attached growth processes include rock, 

gravel, slag, sand, redwood, and a widerangeofplastic andothersyntheticmaterials. 

 
ProcessDescription 

 

 The wastewater in trickling filter is distributed over the top area of a vessel 

containingnon-submergedpacking material. 

 Air circulation in the void space, by either natural draft or blowers,provides oxygen 

forthemicroorganismsgrowingasanattachedbiofilm. 

 During operation, the organic material present in the wastewater is metabolised by 

thebiomass attached to the medium. The biological slime grows in thickness as the 

organicmatterabstractedfromtheflowingwastewaterissynthesized intonewcellularmaterial. 

 The thickness of the aerobic layer is limited by the depthof penetration of oxygen 

intothemicrobiallayer. 

 Themicro-organismsnearthemediumfaceentertheendogenousphaseasthesubstrate is 

metabolised before it can reach the micro-organisms near the medium faceas a result of 

increased thickness of the slime layer and loose their ability to cling to themedia surface. 

The liquid then washes the slime off the medium and a new slime layerstartsto 

grow.Thisphenomenonoflosingtheslimelayeriscalledsloughing. 



 
 

 The sloughed off film and treated wastewater are collected by an underdrainage 

whichalso allows circulation of air through filter. The collected liquid is passed to a 

settling tankused forsolid-liquidseparation. 
 
 
 
 

 

TypesofFilters 
 

Tricklingfiltersareclassifiedashighrateorlowrate,basedontheorganicandhydraulicloadingappliedto 

the unit. 

 

S.No. Design Feature 
Low

 Rate

Filter 

HighRateFilter 

1. 
Hydraulic

 loading,

m3/m2.d 

1-4 10-40 

2. 
Organic

 loading,kg

BOD/ m3.d 

0.08-0.32 0.32 -1.0 

3. Depth,m. 1.8-3.0 0.9 -2.5 

4. Recirculationratio 0 
0.5-3.0(domesticwastewater)upto8 

forstrongindustrialwastewater. 



 
 

 The hydraulic loading rate is the total flow including recirculation appied on unit area 

ofthe filter in a day, while the organic loading rate is the 5 day 20°C BOD, excluding 

theBODofthe recirculant,appliedperunitvolumein aday. 

 Recirculationisgenerallynotadoptedin lowratefilters. 

 A well operated low rate trickling filter in combination with secondary settling tank 

mayremove 75 to 90% BOD and produce highly nitrified effluent. It is suitable for 

treatment oflowtomediumstrengthdomestic wastewaters. 

 The high rate trickling filter, single stage or two stage are recommended for medium 

torelatively high strength domestic and industrial wastewater. The BOD removal 

efficiencyisaround75 to90%buttheeffluentisonly partially nitrified. 

 Single stage unit consists of a primary settling tank, filter, secondary settling tank 

andfacilities for recirculation of the effluent. Two stage filters consist of two filters in 

serieswith a primary settling tank, an intermediate settling tank which may be omitted in 

certaincasesand afinal settlingtank. 

 
Process Design 

 

 
Generallytricklingfilterdesignisbasedonempiricalrelationshipstofindtherequiredfiltervolume for 

adesigneddegreeofwastewatertreatment.Typesofequations: 

 
1. NRCequations (NationalResearchCouncilofUSA) 

2. Rankinsequation 

3. Eckenfilderequation 



 
 

4. GallerandGotaasequation 

 
NRC and Rankin's equations are commonly used. NRC equations give satisfactory values 

whenthere is no re-circulation, the seasonal variations in temperature are not large and 

fluctuationswithhighorganicloading.Rankin'sequationisusedforhighratefilters. 

 
NRCequations:Theseequationsareapplicabletobothlowrateandhighratefilters.Theefficiency ofsingle 

stage orfirststage oftwostage filters,E2is givenby 

E2=  100

 1+0.44(F1.BOD/

V1.Rf1)1/2 

For thesecondstage filter,theefficiency E3isgivenby 

 
E3=  100  

[(1+0.44)/(1-E2)](F2.BOD/V2.Rf2)1/2 

where E2= % efficiency in BOD removal of single stage or first stage of two-stage filter, 

E3=%efficiencyofsecondstagefilter,F1.BOD=BODloadingofsettledrawsewageinsinglestageofthe 

two-stage filter in kg/d, F2.BOD= F1.BOD(1- E2)= BOD loading on second-stage filter in kg/d, 

V1=volume of first stage filter, m3; V2= volume of second stage filter, m3; Rf1= Recirculation 

factor forfirst stage, R1= Recirculation ratio for first stage filter, Rf2= Recirculation factor for 

second stage,R2=Recirculationratioforsecond stagefilter. 

 
Rankins equation: This equation also known as Tentative Method of Ten States USA has 

beensuccessfullyusedoverwiderangeoftemperature.Itrequiresfollowingconditionstobeobservedfo

rsinglestage filters: 

 
1. RawsettleddomesticsewageBODappliedtofiltersshouldnotexceed1.2kgBOD5/day/m3filter

volume. 

2. Hydraulicload(includingrecirculation)shouldnotexceed30m3/m2filtersurface-day. 

 
Recirculation ratio (R/Q) should be such that BOD entering filter (including recirculation) is 

notmore than three times the BOD expected in effluent. This implies that as long as the 

aboveconditionsare satisfiedefficiency isonlya functionofrecirculationandis givenby: 

E =(R/Q) + 

1(R/Q)+1.5 
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Other AerobicTreatmentUnits 



 
 

1. Stabilization ponds: The stabilization ponds are open flow through basins 

specificallydesigned and constructed to treat sewage and biodegradable industrial 

wastes. Theyprovidelongdetentionperiodsextendingfromafew toseveraldays. 

2. Aeratedlagoons:Pondsystems,inwhichoxygenisprovidedthroughmechanicalaeration 

ratherthanalgal photosynthesis arecalledaeratedlagoons. 

3. Oxidationditch:Theoxidationditchisamodifiedformof"extendedaeration"ofactivated 

sludge process. The ditch consists of a long continuous channel oval in 

shapewithtwosurface rotorsplacedacrossthechannel. 

 
AnaerobicTreatment 

 

Theanaerobicwastetreatmentprocessisaneffectivemethodforthetreatmentofmanyorganic wastes. 

The treatment has a number of advantages over aerobic treatment process,namely, 

 
 theenergy inputofthesystemislowas no energyisrequredforoxygenation, 

 lowerproductionofexcesssludge(biologicalsynthesis)perunitmassofsubstrateutilized, 

 lower nutrientrequirement duetolower biologicalsynthesis,and 

 degradationleadstoproductionofbiogas which is avaluable sourceofenergy. 

 
FundamentalMicrobiology 

 

The anaerobic treatment of organic wastes resulting in the production of carbon dioxide 

andmethane, involves two distinct stages. In the first stage, complex waste components, 

includingfats, proteins, and polysaccharides are first hydrolyzed by a heterogeneous group of 

facultativeandanaerobicbacteria.Thesebacteriathensubjecttheproductsofhydrolysistofermentatio

ns, 

-

oxidations,andothermetabolicprocessesleadingtotheformationofsimpleorganiccompounds,mainl

yshort-chain(volatile)acidsandalcohols.Thefirststageiscommonlyreferred to as "acid 

fermentation". However in the second stage the end products of the firststage are converted to 

gases (mainly methane and carbon dioxide) by several different 

speciesofstrictlyanaerobicbacteria. This stageis generallyreferredtoas "methanefermentation". 

http://nptel.ac.in/courses/105104102/Lecture%2040.htm
http://nptel.ac.in/courses/105104102/flow%20sheet%20AL.htm
http://nptel.ac.in/courses/105104102/flow%20sheet%20Ex%20A.htm


 
 

 
 

 

The primary acids produced during acid fermentation are propionic and acetic acid. It is 

reportedthat only one group of methane bacteria is necessary for methane fermentation of acetic 

acid,whereas propionic acid, which is fermented through acetic acid requires two different 

groups ofmethanebacteria. The methane fermentation reactionsforthese twoacidsare: 

 

 

 

The bacteria responsible for acid fermentation are relatively tolerant to changes in pH 

andtemperature and have a much higher rate of growth than the bacteria responsible for 

methanefermentation. As a result, methane fermentation is generally assumed to be the rate 

limiting stepinanaerobicwastewatertreatment. 

 
.AnaerobicReactor 

 

Varioustypesofanaerobicunitsthat have beendevelopedareasfollows: 

 
 Upflowanaerobic filterspackedwitheitherpebbles,stones,PVCsheets,etc.asmedia to 

support submerged biological growths (fixed film). The units are reported 

toworkwellbutalikely problemisaccumulationofsolidsintheinterstices. 



 
 

 Downflow anaerobic filters packed with similar media as above but not to be 

confusedwith usual trickling filters which are aerobic. In the anaerobic units, theinlet and 

outletareso placedthatthe mediaand fixed filmstay submerged. 

 UASB type units in which no special media have to be used since the sludge 

granulesthemselves actasthe'media'andstayinsuspension.Theseare commonlypreffered. 

 Fluidized bed units filled with sand or plastic granules are used with recirculation 

underrequired pressure to keep the entire mass fluidized and the sludge distributed over 

theentire reactorvolume.Theirpowerconsumptionis higher. 
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UASBUnits 
 

UASB type units are one in which no special media have to be used since the sludge 

granulesthemselves act as the 'media' and stay in suspension. UASB system is not patented. A 

typicalarrangementofaUASBtypetreatmentplantformunicipalsewagewouldbeas follows: 

 
1. Initialpumping 

2. Screening anddegritting 

3. Main UASBreactor 

4. Gascollection and conversion orconveyance 

5. Sludgedryingbed 

6. Posttreatmentfacility 

 
In the UASB process, the whole waste is passed through the anaerobic reactor in an 

upflowmode, with a hydraulic retention time (HRT) of only about 8-10 hours at average flow. No 

priorsedimentation is required. The anaerobic unit does not need to be filled with stones or any 

othermedia; the upflowing sewage itself forms millions of small "granules" or particles of sludge 

whichare held in suspension and provide a large surface area on which organic matter can 

attach andundergo biodegradation. A high solid retention time (SRT) of 30-50 or more days 

occurs withinthe unit. No mixers or aerators are required. The gas produced can be collected 

and used ifdesired. Anaerobic systems function satisfactorily when temperatures inside the 

reactor areabove18-

20°C.Excesssludgeisremovedfromtimetotimethroughaseparatepipeandsenttoasimplesandbedfor

drying. 

 
DesignApproach 

 

Size of Reactor: Generally, UASBs are considered where temperature in the reactors will 

beabove 20°C. Atequilibriumcondition,sludge withdrawn has to be equal to sludge 

produceddaily.Thesludgeproduceddailydependsonthecharacteristicsoftherawwastewatersinceiti

s the sum total of (i) the new VSS produced as a result of BOD removal, the yield 

coefficientbeing assumed as 0.1 g VSS/ g BOD removed, (ii) the non-degradable residue of the 

VSScoming in the inflow assuming 40% of the VSS are degraded and residue is 60%, and (iii) 

Ashreceivedintheinflow,namely TSS-VSSmg/l.Thus,atsteadystateconditions, 



 
 

SRT= Total sludge present in reactor, 

kgSludge withdrawn per day, 

kg/d 

=30 to 50days. 

Anotherparameteris HRTwhichisgiven by: 

HRT= Reactorvolume,m3 

Flow rate, m3/h 

=8 to 10h ormoreataverageflow. 

The reactor volume has to be so chosen that the desired SRT value is achieved. This is done 

bysolving for HRT from SRT equation assuming (i) depth of reactor (ii) the effective depth of 

thesludge blanket, and (iii) the average concentration of sludge in the blanket (70 kg/m3). The 

fulldepth of the reactor for treating low BOD municipal sewage is often 4.5 to 5.0 m of which 

thesludge blanket itself may be 2.0 to 2.5 m depth. For high BOD wastes, the depth of both 

thesludge blanket and the reactor may have to be increased so that the organic loading on 

solidsmaybe keptwithintheprescribedrange. 

Once the size of the reactor is fixed, the upflow velocity can be determined 

fromUpflowvelocitym/h=Reactorheight 

HRT, h 

Using average flow rate one gets the average HRT while the peak flow rate gives the 

minimumHRT at which minimum exposure to treatment occurs. In order to retain any flocculent 

sludge inreactor at all times, experience has shown that the upflow velocity should not be more 

than 0.5m/h at average flow and not more than 1.2 m/h at peak flow. At higher velocities, carry 

over ofsolids mightoccurand effluent quality may be deteriorated. The feed 

inletsystemisnextdesigned so thattherequiredlengthandwidthofthe UASBreactor aredetermined. 

 
The settling compartment is formed by the sloping hoods for gas collection. The depth of 

thecompartment is 2.0 to 2.5 m and the surface overflow rate kept at 20 to 28 m3/m2-day (1 to 

1.2m/h) at peak flow. The flow velocity through the aperture connecting the reaction zone with 

thesettling compartment is limited to not more than 5 m/h at peak flow. Due attention has to be 

paidto the geometry of the unit and to its hydraulics to ensure proper working of the "Gas-Liquid-

Solid-Separator (GLSS)" the gas collection hood, the incoming flow distribution to get 

spatialuniformity and the outflowingeffluent. 

 
PhysicalParameters 

 

Asinglemodulecanhandle10to15MLDofsewage.Forlargeflowsanumberofmodulescould 

beprovided.Somephysical detailsofatypical UASB reactor module aregivenbelow: 



 
 

Reactorconfi

guration 
Rectangular orcircular.Rectangularshapeis preferred 

Depth 4.5 to5.0mforsewage. 

Widthordiameter 
Tolimitlengthsofinletlateralstoaround10-

12mforfacilitatinguniformflowdistributionandsludge withdrawal. 

Length Asnecessary. 

 
Inletfeed 

gravityfeedfromtop(preferredformunicipalsewage)orpumpedfeedfrombotto

mthroughmanifoldandlaterals(preferredincaseofsoluble 

industrialwastewaters). 

Sludge

 blanket

depth 

2to 2.5m forsewage.Moredepthisneededfor strongerwastes. 

 
 

 
Deflector/GLSS 

Thisisadeflectorbeamwhichtogetherwiththegashood(slope60)forms a 

"gas-liquid-solid-separator" (GLSS) letting the gas go to the 

gascollectionchannelattop,whiletheliquidrisesintothesettlercompartmentan

dthesludgesolidsfallbackintothesludgecompartment.Theflowvelocitythroug

htheapertureconnectingthereactionzonewiththesettlingcompartmenttisgen

erallylimitedtoabout 

5m/hatpeak flow. 

Settlercompartment 
2.0-2.5mindepth.Surfaceoverflowrateequals20-28m3/m2/datpeak 

flow. 

 
 

 

Process DesignParameters 
 

AfewprocessdesignparametersforUASBsarelistedbelowformunicipalsewageswithBODabout200-

300mg/l andtemperaturesabove20°C. 

 

HRT 
8-10hoursataverageflow(minimum4hoursatpeak flow) 

SRT 30-50daysormore 

Sludgeblanket concentration (average) 15-30 kgVSSper m3.About70kgTSS perm3. 

Organicloadingonsludge blanket 
0.3-

1.0kgCOD/kgVSSday(evenupto10kgCOD/kgVSSdayf

oragro-industrialwastes). 

Volumetricorganicloading 
1-3kgCOD/m3dayfordomesticsewage(10-

15kgCOD/m3dayforagro-industrialwastes) 

BOD/CODremovalefficiency Sewage 75-85%forBOD.74-78%for COD. 

Inletpoints Minimum1 pointper3.7-4.0 m2floorarea. 

Flowregime Eitherconstantrateforpumpedinflowsortypically 



 
 

 fluctuatingflowsforgravitysystems. 

Upflowvelocity 
About0.5m/hataverageflow,or1.2m/hatpeakflow,which

everislow. 

Sludgeproduction 0.15-0.25kg TSperm3sewagetreated. 

Sludgedrying time Sevendays(in India) 

Gasproduction 
Theoretical0.38m3/kgCODremoved.Actual0.1-

0.3m3per kgCOD removed. 

Gasutilization 
Methodofuseisoptional.1m3biogaswith75%methaneco

ntent isequivalentto1.4kWhelectricity. 

Nutrients nitrogen and

 phosphorusremoval 
5to10% only. 
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Nitrification-DenitrificationSystems 
 

Acertainamountofnitrogenremoval(20-30%)occursinconventionalactivatedsludgesystems. 

Nitrogen removal ranging from 70 to 90 % can be obtained by use of nitrification-

denitrificationmethodinplantsbasedonactivatedsludgeandothersuspendedgrowthsystems. 

Biological denitrification requires prior nitrification of all ammonia and organic 

nitrogenintheincomingwaste. 

 
Nitrification 

 

There are two groups of chemoautotrophic bacteria that can be associated with the process 

ofnitrification. One group (Nitrosomonas) derives its energy through the oxidation of ammonium 

tonitrite, whereas the other group (Nitrobacter) obtains energy through the oxidation of nitrite 

tonitrate. Both the groups, collectively called Nitrifiers, obtain carbon required, from 

inorganiccarbonforms.Nitrificationofammoniatonitrateisa twostepprocess: 

 
Nitrosomonas Nitrobacter 

NH3 NH4 NO2 NO3 

 
Stoichiometrically, 4.6 kg of oxygen is required for nitrifying 1 kg of nitrogen. Under steady 

stateconditions,experimentalevidencehasshownnitriteaccumulationtobeinsignificant.Thissuggest

s that the rate-limiting step for the conversion of ammonium to nitrate is the oxidation 

ofammoniumtonitrite by the genusNitrosomonas. 

 
CombinedandSeparateSystemsofBiologicalOxidation&Nitrification 



 
 

Following figure shows flow sheets for combined and separate systems for biological 

oxidationandnitrification. 

 

 
Combined system is favoured method of operation as it is less sensitive to load variations -

owing to larger sized aeration tank - generally produces a smaller volume of surplus 

sludgeowingto higher valuesof cadopted,and bettersludgesettleability. 

 
Care should be taken to ensure that the oxygenation capacity of aeration tank is sufficient 

tomeetoxygenuptakeduetocarbonaceousdemandandnitrification.Recyclingofsludgemustbe rapid 

enough to prevent denitrification (and rising sludge) owing to anoxic conditions in 

thesettlingtank. 

 
In separate system, the first tank can be smaller in size since a higher F/M ratio can be 

used,butthismakesthesystemsomewhatmoresensitivetoloadvariationsandalsotendstoproduce 

more sludge for disposal. An additional settling tank is also necessary between the twoaeration 

tanks to keep the two sludges separate. A principal advantage of this system is itshigher 

efficiency of nitrification and its better performance when toxic substances are feared tobeinthe 

inflow. 

 
.BiologicalDenitrification 

 

Whenatreatmentplantdischargesintoreceivingstreamwithlowavailablenitrogenconcentration and 

with a flow much larger than the effluent,the presence ofnitratein 

theeffluentgenerallydoesnotadverselyaffectstreamquality.However,ifthenitrateconcentrationin 

the stream is significant, it may be desirable to control the nitrogen contentof the effluent, 

ashighly nitrified effluents can stillaccelarate algal blooms. Even more critical is the case 

wheretreatment plant effluent is dischargeddirectly into relatively still bodies of water such as 

lakes 

orreservoirs.Anotherargumentforthecontrolofnitrogenintheaquaticenvironmentistheoccurence of 

infantile methemoglobinemia,which results from high concentration of nitratesindrinkingwater. 

 
Thefourbasicprocessesthatareusedare:(1)ammoniastripping,(2)selectiveionexchange, 

(3) breakpointchlorination,and(4)biologicalnitrification/denitrification. 

 
Biological nitrification/denitrification is a two step process. The first step is nitrification, 

whichisconversionofammoniatonitratethroughtheactionofnitrifyingbacteria.Thesecondstepis 



 
 

nitrateconversion(denitrification),whichiscarriedoutbyfacultativeheterotrophicbacteriaunderanoxi

cconditions. 

 
MicrobiologicalAspectsofDenitrification 

 

 Nitrateconversiontakesplacethroughbothassimilatoryanddissimilatorycellularfunctions. In 

assimilatory denitrification, nitrate is reduced to ammonia, which thenserves as a 

nitrogen source for cell synthesis. Thus, nitrogen is removed from the liquidstreamby 

incorporatingitintocytoplasmicmaterial. 

 Indissimilatorydenitrification,nitrateservesastheelectronacceptorinenergymetabolism 

and is converted to various gaseous end products but principally 

molecularnitrogen,N2,whichisthenstripped fromtheliquidstream. 

 Because the microbial yield under anoxic conditions is considerably lower than 

underaerobicconditions,arelativelysmallfractionofthenitrogenisremovedthroughassimilati

on.Dissimilatorydenitrificationis,therfore,theprimarymeansbywhichnitrogenremovalisachi

eved. 

 A carbon source is also essential as electron donor for denitrification to take place. 

Thissource may be in the form of carbon internally available in sewage or artificially 

added(eg.as methanol).Since mostcommunity wastewatershave a higherratio 

ofBOD:N,the internallyavailable carbon becomesattractive 

andeconomicalfordenitrification. 

 
Denitrification releases nitrogen which escapes as an inert gas to the atmosphere 

whileoxygen released stays dissolved in the liquid and thus reduces the oxygen input 

neededintothesystem.Eachmoleculeofnitrogenneeds4moleculesofoxygenduringnitrificati

on but releases back 2.5 molecules in denitrification. Thus, theoretically, 

62.5%oftheoxygenused isreleasedbackindenitrification. 

 
TypicalFlowsheetsforDenitrification 

 

Denitrificationinsuspendedgrowthsystemscanbeachievedusinganyoneofthetypicalflowsheetssho

wninthe figure. 

 
 The use of methanol or any other artificial carbon source should be avoided as far 

aspossible since it adds to the cost of treatment and also some operating difficulties 

mayarise fro dosing rate of methanol. Too much would introduce an unnecessary BOD in 

theeffluentwhiletoolittlewouldleavesomenitratesundernitrified. 

 A moresatisfactory arrangementwould be to use the carbon contained in thewasteitself. 

However, the anoxic tank has to be of sufficient detention time for denitrification tooccur 

which, has a slower rate; since the corresponding oxygen uptake rate of the mixedliquor 

is mainly due to endogenous respiration and is thus low. The denitrification 

rate,therefore,ina way alsodependsontheF/Mratio inthe prioraeration tank. 

 Consequently, if desired, a portion of the raw waste may be bypassed to enter 

directlyintotheanoxictankandthuscontributetoanincreasedrespirationrate.Thisreduces 



 
 

thesizesofboththeanoxicandaerationtanks,butthedenitrificationefficiencyisreducedas 

thebypassedunnitrified ammoniacannotbedenitrified. 

 Byreversingtherelativepositionsofanoxicandaerobictanks,theoxygenrequirementof the 

waste in its anoxic state is met by the release of oxygen from nitrates in therecycled flow 

taken from the end of nitrification tank. Primary settling of the raw wastemaybeomitted so 

astobringmorecarbonintotheanoxictank. 

 More complete nitrification-denitrification can be achieved by Bardenpho 

arrangement.The first anoxic tank has the advantage of higher denitrification rate while 

the nitratesremaining in the liquor passing out of the tank can be denitrified further in a 

secondanoxictankthroughendogenousrespiration. 

 The flow from anoxic tank is desirable to reaerate for 10-15 minutes to drive off 

nitrogengasbubblesand addoxygen priortosedimentation. 
 
 
 
 

 



 
 

 

 
 
 

 

Removal 
 

Phosphorus precipitation is ususally achieved by addition of chemicals like calcium 

hydroxide,ferrousorferricchloride,oralum,eitherintheprimary orthefinalsettlingtank. 

 
Alum is more expensive and generates more hydroxide, which creates extra sludge, that 

isdifficult to dewater. Use of lime results in an increase of approximately 50% in surplus 

sludge,but the sludge is reported to have good dewatering properties. When using iron salts, a 

molarratio of 1.0:1.4 of iron to phosphorus is reported to give 91-96% removal of total 

phosphorususingferrouschloridedoseddirectlybeneath the aerator. 

 
Chemical addition prior to biological treatment is feasible ifa primary settling tankexists as 

inthecaseoftheconventionalactivatedsludgeprocess.Thedoserequirementthenincreases,butchem

icalprecipitationalsoimprovesorganicremoval,thusreducingBODloadonthebiological treatment. 

For extended aeration plants there is no primary settling; chemical additionhasto bedone inthe 

finalsettlingtank. 
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ResidualManagement 
 

In all biological waste treatment processes some surplus sludge is produced. The objective 

ofresidualmanagement is: 

 
 Reductionofwatercontent. 

 Stabilizationof sludgesolids. 

 Reductionin sludgesolidsvolume. 

 
In facultative type aerated lagoons and algal waste stabilization ponds, the surplus 

sludgesettles out in the unit itself and is removed only once in a few years after emptying the 

unit,exposing the wet sludge to natural drying, and carting away the dried sludge for agricultural 

useorlandfilling. 



 
 

Inextendedaerationprocesswhereaerobicdigestionofsurplussludgeisdone,thesludgecanbe 

taken directlyfordewateringand disposal. 

 
Incaseofactivatedsludgeandtricklingfilterplants,thesludgeistaken(alongwiththeprimarysludge)t

oasludgedigester for furtherdemineralization and thereafteritisdewatered. 

 
SludgeDewateringMethods 

 

 Natural:sludgedryingbeds,sludgelagoons 

 Mechanical: sludgethickeners,centrifuges, vacuumfilters,filterpress 

 Physical:heatdrying,incineration 

 
DisposalofSludge 

 

Finaldisposal ofsludgeistoland andsometimestothesea,inone of thefollowingways: 

 
 Agriculturaluseofdriedorwetsludge. 

 Useofdried sludgeas landfillin absenceofagriculturaldemand. 

 Spreadingwetsludgeonerodedorwasteland,contouringthefield,soastograduallybuildupato

psoilofagriculturalvalue. 

 Disposingoffwetsludgealongwithsolidwastesfor(i)composting,or(ii)sanitarylandfill. 

 Transportinganddumping into thesea. 

 
SludgeCharacteristics 

 

For the rational design of sludge drying systems, it is esstential to know a few characteristics 

ofsludges, such as moisture content as affected by the nature and extent of organic and 

othermattercontainedinthem,theirspecificgravity,weightandvolumerelationships,theirdewateringc

haracteristics,etc.Thespecificgravityofsludgeisveryclosetothatofwateritself, 

1.01 forbiologicalsludgeand1.02fromalumsludge. 

 
Stepwisereductioninmoisturecontentindewateringextendedaerationsludge 

 
 

Sludgesource Moisture content Weight,g/person-day 

 %byweight Solids Water Total 

Initialmoisturecontent 99 30 2970 3000 

Afterthickening 96 30 720 750 

Afterother mechanicalprocess 90 30 270 300 

Afternatural orphysicaldrying 60 30 45 75 

 
It is evident that the bulk of the water is removed in the thickener. Thereafter, the bulk of 

theremainingmoistureisremovedinfreedrainage.Evaporationremovestheleastbut,infact, 



 
 

takesthelongesttime.Thefinal"dried"sludgestillhasconsiderablemoistureinit,butthesludgeis now 

"handleable". 

 
SandBedsforSludgeDrying 

 

Sandbeds aregenerallyconstructedas showninthetypical cross-sectionalview. 

 

 
Sludge is generally spread over the sand which is supported on a gravel bed, through which 

islaid an open-joint earthen pipe 15 cm in diameter spaced about 3 m apart and sloping at 

agradient of 1 in 150 towards the filtrate sump. The drying beds are often subdivided into 

smallerunits, each bed 5-8 m wide and 15-50 m long. The drying time averages about 1-2 weeks 

inwarmerclimates,and3-6orevenmoreinunfavourableones. 

 

LECTURE-26 
 

SludgeDigestion 
 

Sludge digestion involves the treatment of highly concentrated organic wastes in the absence 

ofoxygenbyanaerobicbacteria.Theanaerobictreatmentoforganicwastesresultingintheproductionof

carbondioxideandmethane,involvestwodistinctstages.In the firststage,referred to as "acid 

fermentation", complex waste components, including fats, proteins, andpolysaccharides are 

first hydrolyzed by a heterogeneous group of facultative and anaerobicbacteria. These bacteria 

then subject the products of hydrolysis to fermentations, b-oxidations,and other metabolic 

processes leading to the formation of simple organic compounds, mainlyshort-chain (volatile) 

acids and alcohols. However in the second stage, referred to as "methanefermentation", the 

end products of the first stage are converted to gases (mainly methane andcarbondioxide)by 

severaldifferentspeciesofstrictlyanaerobicbacteria. 

 
The bacteria responsible for acid fermentation are relatively tolerant to changes in pH 

andtemperature and have a much higher rate of growth than the bacteria responsible for 

methanefermentation. If the pH drops below 6.0, methane formation essentially ceases, and 

more 

acidaccumulates,thusbringingthedigestionprocesstoastandstill.Asaresult,methanefermentationis

generallyassumedtobetheratelimitingstepinanaerobicwastewater 



 
 

treatment. The methane bacteria are highly active in mesophilic (27-43°C) with digestion 

periodoffourweeksandthermophilicrange(35-40°C)withdigestionperiodof15-

18days.Butthermophilicrangeisnotpractisedbecauseofodourandoperationaldifficulties. 

 
DigestionTanksor Digesters 

 

AsludgedigestiontankisaRCCorsteeltankofcylindricalshapewithhopperbottomandiscoveredwithfixedorflo

atingtypeofroofs. 

 

 

TypesofAnaerobicDigesters 
 

The anaerobic digesters are of two types: standard rate and high rate. In the standard 

ratedigestionprocess,the digestercontentsareusually unheatedandunmixed.Thedigestionperiod 

may vary from 30 to 60 d. In a high rate digestion process, the digester contents areheatedand 

completely mixed.The requireddetentionperiodis10 to20d. 



 
 

 
 
 
 

 
 

Often a combination of standard and high rate digestion is achieved in two-stage digestion. 

Thesecondstagedigestermainlyseparatesthedigestedsolidsfromthesupernatantliquor:althoughad

ditionaldigestionandgasrecoverymay alsobeachieved. 

 
 
 

 

 
 

 

DesignDetails 
 

Generallydigesters aredesigned to treatforacapacity upto4 MLD. 

 
1. Tanksizesarenotless than6 mdiameterandnotmore than55mdiameter. 

2. Liquiddepthmay be4.5to6mandnotgreaterthan9m. 

3. Thedigestercapacitymaybedeterminedfromtherelationship 



 
 

V=[Vf-2/3 (Vf -Vd)]t1+Vdt2 

 
where V = capacity of digester in m3, Vf = volume of fresh sludge m3/d, Vd = volume 

ofdaily digested sludge accumulation in tank m3/d, t1= digestion time in days required 

fordigestion,d,and t2=periodofdigested sludge storage. 

 
GasCollection 

 

The amount of sludge gas produced varies from 0.014 to 0.028 m3 per capita. The sludge gas 

isnormally composed of 65% methane and 30% carbondioxide and remaining 5% of nitrogen 

andotherinert gases,witha calorificvalueof5400to5850 kcal/m3. 

 
TreatmentPlantLayoutandSiting 

 

Plantlayoutisthearrangementofdesignedtreatmentunitsontheselectedsite.Thecomponents that 

need to be included in a treatment plant, should be so laid out as to optimizeland requirement, 

minimize lengths of interconnecting pipes and pumping heads. Access forsludge 

andchemicalstransporting, andforpossible repairs, should be provided inthelayout. 

 
Sitingistheselectionofsitefortreatmentplantbasedonfeaturesascharacter,topography,and 

shoreline. Site development should take the advantage of the existing site topography. 

Thefollowingprinciplesareimportantto consider: 

 
1. A site on a side-hill can facilitate gravity flow that will reduce pumping requirements 

andlocatenormalsequence ofunitswithoutexcessiveexcavationorfill. 

2. When landscaping is utilized it should reflect the character of the surrounding area. 

Sitedevelopment should alter existing naturally stabilized site contours and drainage as 

littleaspossible. 

3. Thedevelopedsiteshouldbecompatiblewiththeexistinglandusesandthecomprehensivedev

elopmentplan. 

 

LECTURE-27 
 

TreatmentPlantHydraulics 
 

Hydraulicprofileisthegraphicalrepresentationofthehydraulicgradelinethroughthetreatment plant. 

If the high water level in the receiving water is known, this level is used as acontrol point, and 

the head loss computations are started backward through the plant. The 

totalavailableheadatthetreatmentplantisthedifferenceinwatersurfaceelevationsintheinterceptor 

and the water surface elevation in the receiving water at high flood level. If the 

totalavailableheadislessthantheheadlossthroughtheplant,flowbygravitycannotbeachieved.Insuch

casespumpingisneeded to raisetheheadso that flow bygravitycanoccur. 



 
 

Therearemanybasicprinciplesthatmustbeconsideredwhenpreparingthehydraulicprofilethroughthe 

plant.Somearelisted below: 

 
1. Thehydraulicprofilesarepreparedatpeakandaveragedesignflowsandatminimuminitialflow. 

2. Thehydraulicprofileisgenerally preparedfor all main pathsof flowthroughtheplant. 

3. Theheadlossthroughthetreatmentplantisthesumofheadlossesinthetreatmentunitsandthe 

connectingpipingandappurtenances. 

4. Theheadlossesthroughthetreatment unitinclude thefollowing: 

a. Headlossesattheinfluentstructure. 

b. Headlossesatthe effluentstructure. 

c. Headlossesthroughtheunit. 

d. Miscellaneous andfreefall surfaceallowance. 

5. Thetotallossthroughtheconnectingpipings,channelsandappurtenancesisthesumoffollowin

g: 

a. Headlossdue toentrance. 

b. Head lossdue toexit. 

c. Head lossduetocontractionand enlargement. 

d. Head lossdue tofriction. 

e. Head lossdue tobends,fittings,gates, valves,andmeters. 

f. Headrequiredoverweirandotherhydraulic controls. 

g. Free-fallsurface allowance. 
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TreatedEffluentDisposal 
 

The proper disposal of treatment plant effluent or reuse requirements is an essential part 

ofplanning and designing wastewater treatment facilities. Different methods of ultimate disposal 

ofsecondary effluentsarediscussedasfollows. 

 
NaturalEvaporation 

 

Theprocessinvolveslargeimpoundmentswithnodischarge.Dependingontheclimaticconditionslarg

eimpoundmentsmaybenecessaryifprecipitationexceedsevaporation.Therefore, considerations 

must be given to net evaporation, storage requirements, and possiblepercolation and 

groundwater pollution. This method is particularly beneficial where recovery 

ofresiduesisdesirablesuchasfordisposalofbrines. 

 
GroundwaterRecharge 

 

Methodsforgroundwaterrechargeincluderapidinfiltrationbyeffluentapplicationorimpoundment,inter

mittentpercolation,anddirectinjection.Inallcasesrisksforgroundwater 



 
 

pollutionexists.Furthermore,directinjectionimplieshighcostsoftreatingeffluentandinjectionfacilities. 

 
Irrigation 

 

Irrigation has been practiced primarily as a substitute for scarce natural waters or sparse 

rainfallin arid areas. In most cases foodchain crops (i.e.cropsconsumed by humansand 

thoseanimals whose products are consumed by humans) may not be irrigated by effluent. 

However,fieldcropssuchascotton,sugarbeets,andcropsforseedproductionaregrownwithwastewat

ereffluent. 

 
Wastewater effluenthasbeenusedforwateringparks,golfcoursesandhighwaymedians. 

 
Recreational Lakes 

 

Theeffluentfromthesecondarytreatmentfacilityisstoredinalagoonforapproximately30days. The 

effluent from the lagoon is chlorinated and then percolated through an area of sandand gravel, 

through which it travels for approximately 0.5 km and is collected in an interceptortrench. 

Itisdischargedintoa series oflakesusedfor swimming,boatingand fishing. 

 
Aquaculture 

 

Aquaculture, or the production of aquatic organisms (both flora and fauna), has been 

practicedforcenturiesprimarilyforproductionoffood,fiberandfertilizer.Lagoonsareusedforaquacultu

re, although artificial and natural wetlands are also being considered. However, theuncontrolled 

spread of water hyacinths is itself a great concern because the flora can 

clogwaterwaysandruinwaterbodies. 

 
MunicipalUses 

 

Technology is now available to treat wastewater to the extent that it will meet drinking 

waterqualitystandards.However,directreuseoftreatedwastewaterispracticableonlyonanemergenc

ybasis.Manynaturalbodiesofwaterthatareusedformunicipalwatersupplyarealso used for effluent 

disposal which is done to supplement the natural water resources byreusingthe 

effluentmanytimesbefore itfinallyflowstothe sea. 

 
IndustrialUses 

 

Effluent has been successfully used as a cooling water or boiler feed water. Deciding factors 

foreffluent reuse by the industry include (1) availability of natural water, (2) quality and quantity 

ofeffluent, and cost of processing, (3) pumping and transport cost of effluent, and (4) 

industrialprocess waterthatdoesnotinvolvepublichealthconsiderations. 

 
DischargeintoNaturalWaters 



 
 

Dischargeintonaturalwatersisthemostcommondisposalpractice.Theself-purificationorassimilative 

capacityofnatural watersisthusutilizedto providetheremainingtreatment. 

 
StabilizationPonds 

 

 Thestabilizationpondsareopenflowthroughbasinsspecificallydesignedandconstructed to 

treat sewage and biodegradable industrial wastes. They provide 

longdetentionperiodsextendingfromafew to severaldays. 

 Pondsystems,inwhichoxygenisprovidedthroughmechanicalaerationratherthanalgalphotos

ynthesisarecalledaeratedlagoons. 

 Lightly loaded ponds used as tertiary step in waste treatment for polishing of 

secondaryeffluentsand removalofbacteriaarecalledmaturationponds. 

 
ClassificationofStabilizationPonds 

 

Stabilizationpondsmaybeaerobic,anaerobicorfacultative. 

 
 Aerobic ponds are shallow ponds with depth less than 0.5 m and BOD loading of 40-

120 kg/ha.d so as to maximize penetration of light throughout the liquid depth. 

Suchpondsdevelopintensealgal growth. 

 Anaerobic ponds are used as pretreatment of high strength wastes with BOD load 

of400-3000kg/ha.dSuchpondsareconstructedwithadepthof2.5-

5maslightpenetrationisunimportant. 

 Facultative pond functions aerobically at the surface while anaerobic conditions 

prevailat the bottom.They are often about 1 to 2 m in depth. The aerobic layer acts as a 

goodcheckagainstodourevolutionfromthepond. 

 
MechanismofPurification 

 

The functioning of a facultative stabilization pond and symbiotic relationship in the pond 

areshown below. Sewage organics are stabilized by both aerobic and anaerobic reactions. In 

thetopaerobiclayer,whereoxygenissuppliedthroughalgalphotosynthesis,thenon-

settleableanddissolvedorganicmatterisoxidizedtoCO2andwater.Inaddition,someoftheendproducts 

of partial anaerobic decomposition such as volatile acids and alcohols, which maypermeate to 

upperlayers are also oxidized periodically.The settled sludge mass originatingfrom raw waste 

and microbial synthesis in the aerobic layer and dissolved and suspendedorganics in the lower 

layers undergo stabilization through conversion to methane which escapesthepond 

informofbubbles. 

http://nptel.ac.in/courses/105104102/Lecture%2029.htm
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FactorsAffectingPondReactions 
 

Variousfactorsaffectponddesign: 

 
 wastewatercharacteristicsandfluctuations. 

 environmentalfactors(solar radiation,light,temperature) 

 algalgrowth patternsand theirdiurnal andseasonalvariation) 

 bacterialgrowthpatterns anddecayrates. 

 solidssettlement,gasification, upwarddiffusion,sludgeaccumulation. 

 
Thedepthofaerobiclayerinafacultativepondisafunctionofsolarradiation,wastecharacteristics,loadin

gandtemperature.Astheorganicloadingisincreased,oxygenproductionbyalgaefallsshortoftheoxyg

enrequirementandthedepthofaerobiclayerdecreases.Further,thereisadecreasein the 

photosyntheticactivityofalgae because ofgreaterturbidity andinhibitory 

effectofhigherconcentrationoforganic matter. 

 
Gasification of organic matter to methane is carried out in distinct steps of acid production 

byacid forming bacteria and acid utilization by methane bacteria. If the second step does 

notproceed satisfactorily, there is an accumulation of organic acids resulting in decrease of 

pHwhichwouldresultincompleteinhibitionofmethanebacteria.Twopossiblereasonsforimbalance 

between activities of methane bacteria are: (1) the waste may contain inhibitorysubstances 

which would retard the activity of methane bacteria and not affect the activity of acidproducers 

tothe same extent.(2) Theactivityofmethanebacteriadecreases much 

morerapidlywithfallintemperature ascomparedtothe acid formers. 



 
 

Thus,yearroundwarmtemperatureandsunshineprovideanidealenvironmentforoperationoffacultativepond

s. 

 
AlgalGrowthandOxygenProduction 

 

Algalgrowthconvertssolarenergytochemicalenergyintheorganicform.Empiricalstudieshave 

shownthat generally about6% ofvisible lightenergycanbeconvertedtoalgalenergy. 

 
Thechemicalenergy containedinanalgalcellaverages6000caloriespergramofalgae. 

 
Dependingontheskyclearance factor for anarea,theaverage visibleradiation 

receivedcanbeestimatedasfollows: 

 
Avg.radiation=Min.radiation+[(Max.radiation-Min.radiation)x

 skyclearancef

actor] 

 
Oxygenproductionoccursconcurrentlywithalgalproductioninaccordancewithfollowingequation: 

 
106C02+16NO3+HPO4+122H2O+18H+ C106H263O110N16P1+ 138O2 

 
On weight basis,theoxygenproductionis1.3 times thealgalproduction. 

 
Areal OrganicLoading 

 

ThepermissiblearealorganicloadingforthepondexpressedaskgBOD/ha.dwilldependontheminimu

mincidenceofsunlightthatcanbeexpectedatalocationandalsoonthepercentage of influent BOD 

that would have to be satisfied aerobically. The Bureau of IndianStandards has related the 

permissible loading to the latitude of the pond location to aerobicallystabilize the organic matter 

and keep the pond odour free. The values are applicable to towns atsea levels and where sky is 

clear for nearly 75% of the days in a year. The values may bemodified for elevations above sea 

level by dividing by a factor (1 + 0.003 EL) where EL is theelevationofthe pondsite 

aboveMSLinhundred meters. 

 
DetentionTime 

 

Theflowofsewagecanapproximateeitherplugfloworcompletemixingordispersedflow.IfBODexertion

is describedbyfirstorderreaction,thepondefficiency is givenby: 

forplugflow:Le/Li=e-k1t 

forcomplete mixing:Le/Li =1 

1+k1t 



 
 

For dispersed flow the efficiency of treatment for different dgrees of intermixing is 

characterizedbydispersionnumbers.Choiceofalargervaluefordispersionnumberorassumptionofco

mplete mixingwouldgiveaconservativedesignandisrecommended. 

 
Depth 

 

Having determined the surface area and detention capacity, it becomes necessary to 

considerthe depth of the pond only in regard to its limiting value. The optimum range of depth 

forfacultativepondsis1.0- 1.5m. 

 
AquaticPlantSystems 

 

Aquatic systems in waste treatment are either free floating growths harnessed in the form 

ofbuilt-

uppondsforwastetreatmentsuchasduckweedandhyacinthpondsorrootedvegetations(reeds) 

whichemerge outof shallow waterscultivatedinconstructedwetlands. 

 
 Natural wetlands exists all over the world. They generally have saturated soil 

conditionsand abound in rooted vegetation which emerges out of shallow waters in the 

euphoticzone.Theymayalsohavephytoplankton.Naturalwetlandscanbeintegratedwithwast

ewatertreatmentsystems. 

 Constructed wetlandsareman-

madefortreatmentofwastewater,minedrainage,stormdrainage,etc.Theyhaverootedvegetat

ion. 

 
LongitudinalSection Through a TypicalReed Bed With Gravel,Sand or Selected 

SoilWithHorizontalFlowofWastewater 

 
 
 

 

 

 Aquatic plant ponds consisting of free floating macrophytes, such as water 

hyacinths,duckweeds, etc. have been cultured in ponds either for their ability to remove 

heavymetals,phenols,nutrients,etc.fromwastewatersortoassistingivingfurthertreatmentto 

pretreated wastewaters to meet stringent discharge standards while at the same 



 
 

timeproducingnew plantgrowthsfortheir gas productionorfood value. 



 
 

Conceptualflowsheetshowingwastetreatment usinganaquaticplant pond 
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SepticTank 
 

Septic tanks are horizontal continuous flow, small sedimentation tanks through which sewage 

isallowed to flow slowly to enable the sewage solids to settle to the bottom of the tank, where 

theyare digested anaerobically. The tank is de-sludged at regular intervals usually once every 1-

5years. 

 
Cesspool 

 

It is a pit excavated in soil with water tight lining and loose lining by stone or brick to provide 

forleaching of wastewater by sides and the pit is covered. The leaching type is suitable for 

poroussoils. The capacity should not be less than one day's flow into the pit. If all the water in a 

test pitof one meter diameter and 2 m deep, disappears in 24 hours, such soil is best suitable 

forcesspools.Thebottomofthecesspoolmustbewellabovethegroundwaterlevel.Aftersometime the 

sides of pit get clogged by the sewage solids, reducing the leaching capacity. Atoverflow level, 

an outlet is provided to take-off unleached liquid into a seepage pit. The settledmatter is 

removed at intervals. Water tight cesspools are cleaned every 6 months and theircapacity 

mustnotbe lessthan 70l/person/month. 

 
Seepage Pit 

 

The seepage pit is needed to discharge the effluent of cesspool, aquaprivy, septic tankorsullage 

from bathrooms and kitchens. The difference between seepage pit and cesspool is 

thattheseepagepitiscompletelyfilledupwithstones.Thefinesuspendedsolidsadheretothe 



 
 

surfaceofstonesandgetdecomposedbythezooglealfilm,whichareonthestonesandtheeffluentisleac

hed intothesidewalls. 



 
 

LECTURE-31 
 

Module-IV 
 

Airpollution 
 

Unitof measurement 
 

Concentrationsofairpollutantsarecommonly expressed asthe mass 

ofpollutantperUnitvolumeofairmixture,as mg/m3,μg/m3,ng/m3 

 
Concentration of gaseous pollutants may also be expressed as volume of pollutant per 

millionvolumesoftheairpluspollutantmixture(ppm)where1ppm=0.0001%byvolume.Itissometimes 

necessarytoconvert fromvolumetricunitstomassper unitvolumeandvice versa. 

 
The relation ship between ppm and mg/m3 depends on the gas density, which in turn 

dependson:™Temperature,Pressure,Molecularweightofthe pollutant 

 
The following expression can be uses to convert of between ppm and mg/m3 at any 

temperatureorpressure. 
 

 

 

Simply multiply the calculated value of mg/m3by 1000 to obtain μg/m3. The constant 22.4 is 

thevolume in liter occupied by 1 mole of an ideal gas at standard concentration (0c and 1 

atm.).One 14 mole of any substance is a quantity of that substance whose mass in grams 

numericallyequalsitsmolecularweight 

 
SourcesandClassification ofpollutants 

 

Air pollution may be defined as any atmospheric condition in which certain substances 
arepresentinsuchconcentrationsthattheycanproduceundesirableeffectsonmanandhisenvironmen
t. These substances include gases (SOx, NOx, CO, HCs, etc) particulate 
matter(smoke,dust,fumes,aerosols)radioactivematerialsandmanyothers.Mostofthesesubstances 
are naturally present in the atmosphere in low (background) concentrations and areusually 
considered to be harmless. A particular substance can be considered as an air pollutantonly 
when its concentration is relatively high compared with the back ground value and 
causesadverseeffects. 

 
Air pollution is a problem of obvious importance in most of the world that affects human, 
plantand animal health. For example, there is good evidence that the health of 900 million 
urbanpeople suffers daily because of high levels of ambient air sulfur dioxide concentrations. 
Airpollutionisoneofthe6mostseriousenvironmentalproblemsinsocietiesatalllevelof 



 
 

economic development. Air pollution can also affect the properties of materials (such as 
rubber),visibility, and the quality of life in general. Industrial development has been associated 
withemission to air of large quantities of gaseous and particulate emissions from both 
industrialproductionandfromburningfossil fuelsforenergyandtransportation. 

 
When technology was introduced to control air pollution by reducing emissions ofparticles, itwas 
found that the gaseous emissions continued and caused problems of their own. Currentlyefforts 
to control both particulate and gaseous emissions have been partially successful in muchof the 
developed world, but there is recent evidence that air pollution is a health risk even underthese 
relativelyfavorableconditions. 

 
In societies that are rapidly developing sufficient resources may not be invested in air 
pollutioncontrol because of other economic and social priorities. The rapid expansion of the 
industry inthese countries has occurred at the same time as increasing traffic from automobiles 
and trucks,increasing demands for power for the home, and concentration of the population in 
large urbanareas called mega cities. The result has been some of the worst air pollution problem 
in theworld. 

 
In many traditional societies, and societies where crude household energy sources are 
widelyavailable, air pollution is a serious problem because of inefficient and smoky fuels used to 
heatbuildings and cook. This causes air pollution both out door and indoors. The result can be 
lungdisease,eyeproblems,andincreasedriskofcancer. 

 
The quality of air indoors is a problem also in many developed countries because buildings 
werebuilt to be airtight and energy efficient. Chemicals produced by heating and cooling 
systems,smoking and evaporation from buildings materials accumulate indoors and create a 
pollutionproblem. 

 
The health effects of ambient air pollution have been difficult to document with certainty 

untilrecent years. This is because of methodological problems in assessing exposure, other 

factorsthatcauserespiratorydisease(suchas 

cigarettesmoking,respiratorytractinfections,andallergies),andthedifficultyofstudyingsucheffectsinl

argepopulations. 

 
Recently, however, a series of highly sophisticated and convincing studies from virtually 

everycontinent have demonstrated that air pollution has a major effect on human health. 

Respiratorysymptoms are the most common adverse health effects from air pollution of all types. 

FollowingTable presents a summary of major health effects thought to be caused by community 

airpollution. Respiratory effects of air pollution, particularly complicating chronic bronchitis, 

mayplaceanadditionalstrain ontheheartaswell. 



 
 

 
 

 

Airpollutionisassociatedwithincreasedriskofdeathfromheartdiseaseandlungdisease,evenatlevels

belowthoseknowntobeacutelytoxictotheheart.Mucosalirritationintheformof acute or chronic 

bronchitis, nasal tickle, or conjunctivitis is characteristic of high levels of airpollution,although 

individualsvaryconsiderably in theirsusceptibilitytosucheffects. 

 
The eye irritation is particularly severe, in the setting of high levels of particulates (which need 

tobeintherespirablerangedescribedandmaybequitelargesootparticles)orofhighconcentrationsofph

otochemicaloxidantsandespeciallyaldehydes. 

 
There is little evidence to suggest that community air pollution is a significant cause of 

cancerexcept in unusual and extreme cases. However, emissions from particular sources may 

becancer-causing. Examples of cancer associated with community air pollution may include 

point-source emissions from some smelters with poor controls that release arsenic, which can 

causelung cancer. Central nervous system effects, and possibly learning disabilities in children, 

mayresult from accumulated body burdens of lead, where air pollution contributes a large 

fraction ofexposurebecauseofleadadditivesingasoline. 

 
Thesehealtheffectsarebettercharacterizedforpopulationsthanforindividualpatients.Establishing a 

relationship between the symptoms of a particular patient and exposure to airpollution is more 

difficult than interpreting the likely health effects on an entire community. It isimportant to 

understand that these pollutants are seasonal in their pattern. Both ozone andsulfates, together 

with ultra fine particulates, tendto occur together during the summer 

monthsinmostdevelopedareas.Ozone,oxidesofnitrogen,aldehydes,andcarbonmonoxidetendto 



 
 

occur together in association with traffic, especially in sunny regions. Some pollutants, such 

asradon, are only hazards indoors or in a confined area. Others are present both indoors 

andoutdoors,withvaryingrelativeconcentrations. 

 
Classifications of Air 

PollutantsAir pollutants can be 

classified asa.CriteriaPollutants 

There are 6 principal, or “criteria” pollutants regulated by the US-EPA and most countries in 

theworld: 

• Total suspended particulate matter (TSP), with additional subcategories of particles 

smallerthen 10 µm in diameter (PM10), and particles smaller than 2.5 µm in diameter (PM2.5). 

PM canexist in solid or liquid form, and includes smoke, dust, aerosols, metallic oxides, and 

pollen.Sources of PM include combustion, factories, construction, demolition, agricultural 

activities,motor vehicles, and wood burning. Inhalation of enough PM over time increases the 

risk ofchronicrespiratorydisease. 

• Sulfur dioxide (SO2). This compound is colorless, but has a suffocating, pungent odor. 

Theprimary source of SO2 is the combustion of sulfur-containing fuels (e.g., oil and coal). 

ExposuretoSO2can cause theirritationoflungtissues and candamage healthandmaterials. 

• Nitrogen oxides (NO and NO2). NO2 is a reddish-brown gas with a sharp odor. The 

primarysource of this gas is vehicle traffic, and it plays a role in the formation of tropospheric 

ozone.Large concentrations can reduce visibility and increase the risk of acute and chronic 

respiratorydisease. 

• Carbonmonoxide(CO).Thisodorless,colorlessgasisformedfromtheincompletecombustion of 

fuels. Thus, the largest source of CO today is motor vehicles. Inhalation of 

COreducestheamountofoxygeninthebloodstream,andhighconcentrationscanleadtoheadaches,di

zziness,unconsciousness,anddeath. 

• Ozone (O3). Tropospheric (“low-level”) ozone is a secondary pollutant formed when 

sunlightcausesphotochemicalreactionsinvolvingNOXandVOCs.Automobilesarethelargestsource

ofVOCsnecessaryforthesereactions.Ozoneconcentrationstendtopeakintheafternoon,and can 

cause eye irritation, aggravation of respiratory diseases, and damage to plants andanimals. 

• Lead(Pb).ThelargestsourceofPbinthe atmospherehas been fromleaded gasolinecombustion, 

but with the gradual elimination worldwide of lead in gasoline, air Pb levels havedecreased 

considerably. Other airborne sources include combustion of solid waste, coal, andoils, 

emissions from iron and steel production and lead smelters, and tobacco smoke. Exposureto Pb 

can affect the blood, kidneys, and nervous, immune, cardiovascular, and reproductivesystems. 



 
 

b. ToxicPollutants 

Hazardousairpollutants(HAPS),alsocalledtoxicairpollutantsorairtoxics,arethosepollutants that 

cause or may cause cancer or other serious health effects, such as 

reproductiveeffectsorbirthdefects.TheUS-EPAis required tocontrol188hazardous airpollutants 

Examples of toxic air pollutants include benzene, which is found in gasoline; 

perchlorethlyene,which is emitted from some dry cleaning facilities; and methylene chloride, 

which is used as asolventandpaintstripperbyanumberofindustries. 

c. RadioactivePollutants 

Radioactivity is an air pollutant that is both geogenic and anthropogenic. Geogenic 

radioactivityresults from the presence ofradionuclides,which originate either from radioactive 

minerals 

intheearth‟scrustorfromtheinteractionofcosmicradiationwithatmosphericgases.Anthropogenic 

radioactive emissions originate from nuclear reactors, the atomic energy industry(mining and 

processing of reactor fuel), nuclear weapon explosions, and plants that 

reprocessspentreactorfuel.Sincecoalcontainssmallquantitiesofuraniumandthorium,theseradioacti

ve elements can be emitted into the atmosphere from coal-fired power plants and othersources. 

d. Indoor Pollutants 

When a building is not properly ventilated, pollutants can accumulate and reach 

concentrationsgreater than those typically found outside. This problem has received media 

attention as “SickBuilding Syndrome”. Environmental tobacco smoke (ETS) is one of the main 

contributors toindoor pollution, as are CO, NO, and SO2, which can be emitted from furnaces 

and stoves.Cleaning or remodeling a house is an activity that can contribute to elevated 

concentrations ofharmful chemicals such as VOCs emitted from household cleaners, paint, and 

varnishes. 

Also,whenbacteriadie,theyreleaseendotoxinsintotheair,whichcancauseadversehealtheffects31. 

So ventilation is important when cooking, cleaning, and disinfecting in a building. Ageogenic 

source ofindoorairpollutionisradon32. 

Otherclassifications 

Airpollutants  come  in  the  form  ofgasesand  finely  dividedsolid andliquid aerosols. 

Aerosolsarelooselydefinedas“anysolidor liquidparticlessuspendedinthe air”(1). 

Airpollutants can also be of primary or secondary nature.Primary air pollutants are the onesthat 

are emitteddirectlyintotheatmosphere bythe sources (suchaspower-generatingplants). 

Secondary air pollutants are the ones that are formed as a result of reactions between 

primarypollutantsand otherelementsin theatmosphere,such as ozone. 

 
Typesof pollutants 

 

SulfurDioxide 



 
 

Sulfur dioxidewas aserious problem in air pollution in the earliest days ofindustrialization. Ithas 

been the major problem in reducing or acidifying air pollution during the period of 

rapideconomicgrowthinmanycountries.In1953,Amduretal.studiedtheeffectsofsulfurdioxideon 

humans and found that, at least in acute exposures, concentrations of up to 8 ppm 

causedrespiratorychangesthatweredosedependent.(Thisisoneofthefirststudiestousephysiologica

lmeasurementsasanindicationoftheeffectsofairpollution.)Laterstudiesrevealed that the main 

effect of sulfur dioxide is broncho constriction (closing of the airwayscausing increased 

resistance to breathing) which is dose dependent, rapid, and tended to peakat 10 minutes 

(Folinsbee, 1992). Persons with asthma are particularly susceptible and in factasthmatics suffer 

more from the effects of sulfur dioxide than does the general public. Personswith asthma who 

exercise will typically experience symptoms at 0.5 ppm, depending on theindividual. 

 
Sulfate, the sulfur-containing ion present in water, remains a major constituent of air 

pollutioncapable of forming acid. Sulfate itself appears to be capable of triggering broncho 

constriction inpersons with airways reactivity and it is a major constituent of ultrafine 

particulates. There areother acid ingredients in air pollution, such as nitric acid, but less is know 

about them. Theseacids, though, cause a phenomenon known as acid rain, with their emission 

into the air byindustry andmotorvehicles. 

 
Because of their small size and tendency to ride along on particulates, acid aerosols such 

assulfurdioxide,sulfatesandnitrogendioxidetendtodepositdeeplyinthedistallungandairspace. They 

appear to provoke airways responses in an additive or synergistic manner 

withozone.Theyhavealsobeenimplicatedincausingmortalityinassociationwithultrafineparticulates. 

 
SO2 and sulfates are the principal chemical species that cause acid precipitation. They may 

betransportedlongdistancesintheatmosphereawayfromtheirsourceandresultinacidificationofwater

and soils. 

 
NitrogenDioxide 

 

Nitric oxide (NO) is produced by combustion. Nitrogen dioxide (NO2), which has greater 

healtheffects, is a secondary pollutant created by the oxidation of NO under conditions of 

sunlight, ormay be formed directly by higher temperature combustion in power plants or indoors 

from gasstoves. Levels of exposure to nitrogen dioxide that should not be exceeded (WHO 

guidelinelevels)arerespectively400μg/m3(0.21partspermillion(ppm)foronehourand150μg/m3(0.08 

ppm)for24hours. 

 
The direct effects of nitrogen oxide include increased infectious lower respiratory disease 

inchildren (including longterm exposure as in houses with gas stoves) and increased 

asthmaticproblems.Extensivestudiesoftheoxidesofnitrogenhaveshownthattheyimpairhostdefens

esintherespiratorytract,increasingtheincidenceandseverityofbacterialinfections 



 
 

after exposure. They have a marked effect in reducing the capacity of the lung to clear 

particlesandbacteria. 

 
NO2 also provokes broncho-constriction and asthma in much the same way as ozone but it 

isless potent than ozone in causing asthmatic effects. Despite decades of research, however, 

thefull effects ofNO2are notknown.Knownhumanhealtheffectsaresummarizedbelow: 

 
 

 
 

LECTURE-32 
 

Particulatesmatter 
 

Particle matter in the air (aerosols) is associated with an elevated risk of mortality and 

morbidity(including cough and bronchitis), especially among populations such as asthmatics and 

theelderly. As indicated, they are released from fireplaces, wood and coal stoves, tobacco 

smoke,dieselandautomotiveexhaust,andothersourcesofcombustion.TheUSEnvironmentalprotect

ion Agency (EPA) sets a standard of 265 μg/m3in ambient air, but does not have astandard for 

indoor air levels. Usual concentrations range from 500 μg/m3 in bars and waitingrooms to about 

50 μg/m3in homes. In developed countries, tobacco smoke is the 

primarycontributortorespirableparticlesindoors. 

 
Particulatematter(PM10) 

 
Larger particulates, which are included in PM10 (particulates 10 μm and smaller) consist 

mostlyof carbon-containing material and are produced from combustion; some fraction of these 

areproduced by wind blowing soil into the air. These larger particulates do not seem to have 

asmucheffectonhumanhealthasthe smallerparticulates. 

 
Particulatematter(PM2.5) 

 
In recent years we have learned a great deal about the health effects of particles. As 

notedabove, particulates in urban air pollution that are extremely small, below 2.5 μm in 

diameter, 

aredifferentintheirchemicalcompositionthanlargerparticles.ParticulatesinthefractionPM2.5 



 
 

(2.5 μm and below) contain a proportionately larger amount of water and acid forming 

chemicalssuch as sulfate and nitrate, as well as trace metals. These smaller particulates 

penetrate easilyand completely into buildings and are relatively evenly dispersed throughout 

urban regionswhere they are produced. Unlike other air contaminants that vary in concentration 

from place toplacewithinanarea,PM2.5 tendstoberatheruniformlydistributed. 

 
PM2.5 sulfate and ozone cannot be easily separated because they tend to occur together 

inurban air pollution. Recent research strongly suggests that at least PM2.5 and sulfate, 

andprobably ozone as well,cause an increase in deaths in affected cities. The higher the 

airpollution levels for these specific contaminants, the more excess deaths seem to occur on 

anygiven day, above the levels that would be expected for the weather and the time of 

year.Likewise,accountingforthetimeoftheyearandtheweather,therearemorehospitaladmissions 

for various conditions when these contaminants are high. Ozone, particularly, islinked with 

episodes of asthma, but all three seem to be associated with higher rates of deathsfrom and 

complaints about lung disease and heart disease. It is not yet known which is thepredominant 

factor in the cause of these health effects, and some combination of each may 

beresponsibleforsomeeffects.Althoughtheeffectofairpollutionisclearlypresentinthestatistics, air 

pollution at levels common in developed countries is probably much less of a factorin deaths 

and hospital admissions than the weather, cigarette smoking,allergies, and viralinfections. 

However, the populations exposed to air pollution are very large, and even if only 5%of all 

excess deaths during a one-week period are related to air pollution in a major city, areasonable 

estimate, this means that thousands of deaths could be prevented. One unexpectedfinding of 

this research is that the effect of particulate air pollution on deaths and hospitaladmissions is 

continuous from high levels to low levels of exposure. In other words, there is noobvious level 

below which the public is clearly protected, and even at low levels of air pollution,some excess 

deaths still seem to occur. At first, it was thought that these deaths representedsick people who 

would soon die anyway. If this were true, one would expect there to be fewerdeaths than 

expected when air pollution levels returned to normal or below normal, but a carefulstudy of the 

death rate during and just after periods of high air pollution levels does not seem toshow this. At 

the much greater levels encountered in many developing countries, the effect islikely to be 

proportionately greater. There are many factors at work that complicate such 

studiesindevelopingcountries.Theveryhighratesofrespiratorydiseaseduringthewinteramongeven 

non smokers in somenorthern Chinese cities, for example, has been attributed to airpollution 

and this is likely to be true, however, cigarette smoking, indoor air pollution from coal-fired 

stoves,crowded conditionsandtheriskofviralinfectionsmayalso beimportantfactors. 

 
There remains much more work to do to understand this problem, but the essential 

messageseemsclear:atany level,particulateairpollution andpossibly 

ozoneareassociatedwithdeaths,andboth areclearly 

associatedwithhospitaladmissionsandhealthrisks. 

 
Hydrocarbons 

 

Mosthydrocarbonssuchasaliphaticandsalicylichydrocarbonsaregenerallybiochemicalinertatambi

entlevelsandthuspresentlittlehazards.Aromatichydrocarbonsuch,ontheotherhand 



 
 

arebiochemical and biologically active aremore irritatingto mucous membranes compoundslike 

benzo(a) Pyrene are known to be potent carcinogens. HCs are included among the 

criteriaairpollutants,chieflybecause oftheir roleascatalystsintheformationofphotochemicalsmog. 

 
Lead 

 

Lead is the best studied of these trace metals. It is known to be a highly toxic substance 

thatparticularlycausesnervedamage.Inchildren,thiscanresultinlearningdisabilitiesandneurobehavi

oral problems. An estimated 80 – 90% oflead in ambient air is thought to bederived from the 

combustion of leaded petrol. Due to its effects on the behavior and learningabilities of children 

even at low levels of exposure, efforts throughout the world are directed 

atremovingleadfromgasoline.TheWHOguidelinesvalueforlong-termexposuretoleadintheairis0.5–

1.0μg/m3/year). 

 
Influenceofmeteorologicalphenomenaonairquality 

 

Meteorologyspecifieswhathappentopufforplumeofpollutantsfromthetimeitisemittedtothe time it is 

detected at some other location. The motion of the air causes a dilution of airpollutant 

concentration and we would like to calculate how much dilution occurs as a function 

ofthemeteorologyoratmosphericcondition. 

 
Air pollutants emitted from anthropogenic sources must first be transported and diluted in 

theatmospherebefore theseunder go variousphysicalandphotochemicaltransformation 

andultimately reach their receptors. Otherwise, the pollutant concentrations reach dangerous 

levelnear the source of emission. Hence, it is important that weunderstand the natural 

processesthatare responsible for theirdispersion. The degree ofstability ofthe atmosphere in 

turndependson the rate ofchange ofambienttemperature withaltitude. 

 

 

LECTURE-33 
 

VERTICALDISPERSIONOFPOLLUTANTS 
 

Asaparcelofairintheatmosphererises,itexperiencesdecreasingpressureandthusexpands. This 

expansion lowers the temperature of the air parcel, and therefore the air cools asit rises. The 

rate at which dry air cools as it rises is called the dry adiabatic lapse rate and isindependent of 

the ambient air temperature. The term adiabatic means that there is no heatexchange between 

the rising parcel of air under consideration and the surrounding air. The dryadiabatic lapse rate 

can be calculated from the first law of thermodynamics (1°C per 100m). Asthe air parcel 

expands, it does work on the surroundings. Since the process is usually 

rapid,thereisnoheattransferbetweentheairparcelandthe surroundingair. 

 
Saturatedadiabaticlapse rate,(Γs) 



 
 

Unlike the dry adiabatic lapse rate, saturated adiabatic lapse rate is not a constant, since 

theamountofmoisturethattheaircanholdbeforecondensationbeginsisafunctionoftemperature. A 

reasonable average value of the moist adiabatic lapse rate in the troposphere isabout6°C/Km. 

 
Example 

An air craft flying at an altitude of 9 km draws in fresh air at - 40°C for cabin ventilation. If 

thatfresh air is compressed to the pressure at sea level, would the air need to be heated or 

cooled ifitistobedeliveredto the cabinat20°C. 

 
Solution 

As the air is compressed, it warms up it is even easier for the air to hold whatever moisture 

itmay have, had .so there is no condensation to worry about and the dry adiabatic lapse rate 

canbeused,At10°Cperkm,compressionwillraisetheairtemperatureby 

 
10x9=90°Cmakingit -40+90°c=50°C 

 
It needs to betheairconditionedTheair inmotionis calledwind, airwhichisrushingfrom 

anareaofhighpressuretowardsanareaoflowpressure. Whentheweather-

manreportsthewindtousheusesameasuringsystemworkedoutin1805byAdoniralBeaufort.Forexam

ple,a“moderatebreeze”isawindof13to18milesanhour.Obviouslyairqualityatagivensitevariestreme

ndouslyfromdaytoday,eventhoughtheemissionsremain 

relativelyconstant.Thedeterminingfactorshavetodotheweather:howstrongthewindsare,whatdirecti

ontheyareblowing,thetemperatureprofile,howmuchsunlightavailabletopowerphotochemicalreacti

ons,andhowlongithasbeensincethelaststrongwindsorprecipitationwereabletocleartheair.Airquality

isdependentonthedynamicsoftheatmosphere,thestudyofwhichiscalledmeteorology 

 
Temperaturelapserateand stability 

 

The ease with which pollutants can disperse vertically into the atmosphere is largely 

determinedby the rate of change of air temperature with altitude. For some temperature profiles 

the air isstable,thatis,airatagivenaltitudehasphysicalforcesactingonitthatmakeitwanttoremainat 

that elevation. Stable air discourages the dispersion and dilution of pollutants. For 

othertemperature profiles, the air is unstable. In this case rapid vertical mixing takes place 

thatencouragespollutantdispersalandincreaseairquality.Obviously,verticalstabilityoftheatmosphe

re is an important factor that helps determine the ability of the atmosphere to 

diluteemissions;hence,itiscrucialtoairquality.Letusinvestigatetherelationshipbetweenatmospheric 

stability and temperature. It is useful to imagine a “parcel” of air being made up of anumber of air 

molecules with an imaginary boundary around them. If this parcel of air movesupward inthe 

atmosphere, it will experienceless pressure, causingit to expandand cool. Onthe other hand, if it 

moves dawn ward, more pressure will compress the air and its temperaturewill increase. As a 

starting point, we need a relationship that expires an air parcel‟s change 

oftemperatureasitmovesupordownintheatmosphere.Asitmoves,wecanimagineits 



 
 

temperature, pressure and volume changing, and we might imagine its surrounding adding 

orsubtractingenergy from the parcel. Ifwe make small changes in these quantities, and 

applyboth the ideal gas law and the first law of thermodynamics, it is relatively straightforward to 

drivethefollowingexpression. 

 

 

 

Letusmakethequiteaccurateassumptionthatastheparcelmoves,thereisnoheattransferredacross 

its boundary,thatis,thatthisprocessisadiabatic 
 

 

Theaboveequationgivesusanindicationofhowatmosperictemperaturewouldchangewithair 

pressure, but what are really interested in is how it changes with altitude .To do that we needto 

know how pressure and altitude are related. Consider a static column of air with a 

crosssectionA,asshowninfigure.AhorizontalsliceofairinthatcolumnofthicknessdZanddensityρ will 

have mass ρAdZ. If the pressure at the top of the slice due to the weight of air above it 

isP(Z+dZ), then the pressure at the bottom of the slice ,P(Z) will be P(z+dz)plus the added 

weightperunitareaofthe sliceitself: 



 
 

 

 
 

The negative sign indicates that temperature decreases with increasing altitude. Substituting 

theconstant g =9.806m/s2, and the constant –volume specific heat of dry air at room 

temperature,Cp1005J/kg.0C in(2 

.6)yields 



 
 

LECTURE-34 
 

ATMOSPHERICSTABILITY 
 

The ability of the atmosphere to disperse the pollutants emitted in to it depends to a large 

extenton the degree of stability. A comparison of the adiabatic lapse rate with the environmental 

lapserate gives an idea of stability of the atmosphere. When the environmental lapse rate and 

the dryadiabaticlapserateareexactlythesame,araisingparcelofairwillhavethesamepressureand 

temperature and the density of the surroundings and would experience no buoyant force.Such 

atmosphere is said to be neutrally stable where a displaced mass of air neither tends toreturn 

toitsoriginalpositionnortendsto continue itsdisplacement 

 
When the environmental lapse rate (-dT/dz.)Env is greaterthan the dry adiabatic lapse rate,Γthe 

atmosphere is said to be super adiabatic. Hence a raising parcel of air, cooling at theadiabatic 

rate, will be warmer and less dense than the surrounding environment. As a result, itbecomes 

more buoyant and tends to continue it‟s up ward motion. Since vertical motion isenhanced by 

buoyancy, such an atmosphere is called unstable. In the unstable atmosphere theair from 

different altitudes mixes thoroughly. This is very desirable from the point of view 

ofpreventingpollution,sincetheeffluentswillberapidlydispersedthroughoutatmosphere.Onthe other 

hand, when the environmental lapse rate is less than the dry adiabatic lapse rate, arising air 

parcel becomes cooler and denser than its surroundings and tends to fall back to itsoriginal 

position. Such an atmospheric condition is called stable and the lapse rate is said to besub 

adiabatic. Under stable condition their is very little vertical mixing and pollutants can 

onlydisperse very slowly. As result, their levels can build up very rapidly in the environment. 

Whenthe ambient lapse rate and the dry adiabatic lapse rate are exactly the same, the 

atmospherehas neutral stability. Super adiabatic condition prevails when the air temperature 

drops morethan 1°C /100m; sub adiabatic condition prevail when the air temperature drops at 

the rate lessthan1°c/100m 

 
 

 

 

Inversion 
 

Atmosphericinversioninfluencesthedispersionofpollutantsbyrestrictingverticalmixing.Therearesev

eralwaysbywhichinversionlayerscanbeformed.Oneofthemostcommontypesis 



 
 

the elevated subsidence inversion, This is usually associated with the sub tropical anti 

cyclonewhere the air is warmed by compression as it descends in a high pressure system and 

achievestemperature higher than that of the air under neath. If the temperature increase is 

sufficient, aninversionwillresult 

• Itlasts for monthsonend 

• Occurathigher elevation 

• Morecommonin summer than winter 
 
 

 

 

Thesubsidenceiscausedbyairflowingdowntoreplaceair,whichhasflowedoutofthehigh-pressureregion 

 
RadiationInversion 

 

The surface of the earth cools down at night by radiating energy toward space. On cloudy 

night,the earth‟s radiation tends to be absorbed by water vapor, which in turn reradiates some of 

thatenergy back to the ground. On the clear night, however, the surface more readily radiate 

energytospace,andthusgroundcoolingoccursmuchmorerapidly.Asthegroundcools,thetemperatur

e of the air in contact with the ground also drops. As is often the case on clear winternights, the 

temperature of this air just above the ground becomes colder than the air above it,creating an 

inversion. Radiation inversions begins to form at dusk .As the evening progresses,the inversion 

extends to a higher and higher elevation, reaching perhaps a few hundred metersbefore the 

morningsunwarmstheground again,breakingup theinversion. 

 
Radiation inversion occurs close to the ground, mostly during the winter, and last for only 

amatter of hours. They often begin at about the time traffic builds up in the early evening, 

whichtrapsautoexhaustatgroundlevelandcauseselevatedconcentrationofpollutionforcommuters. 

With out sunlight, photochemical reactions can not takes place, so the biggestproblem is usually 

accumulation ofcarbon monoxide (CO). In the morning, as the sunwarmsthe ground and the 

inversion begins to the break up, pollutants that have been trapped in 

thestableairmassaresuddenlybroughtbacktoearthinaprocessknownasfumigation.Fumigationcan 

causeshortlivedhighconcentrationsofpollutionatgroundlevel. 



 
 

 

Radiation inversions are important in another context besides air pollution. Fruit growers 

inplaces like California have long known that their crops are in greatest danger of frost damage 

onwinter nights when the skies are clear and a radiation inversion sets in. Since the air even a 

fewmeters up is warmer than the air at crop level, one way to help protect sensitive crops on 

suchnights issimply tomixtheairwithlarge motordrivenfans. 

 

 

The third type of inversion, know as advective inversion is formed when warm air moves over 

acold surface or cold air. The inversion can be a ground based in the former case, or elevated 

inthe latter case. An example of an elevated advective inversion occurs when a hill range forces 

awarmlandbreezeto follow athigh levelsandcoolseabreathes flowsat low 

levelintheoppositedirection. 

 
TOPOGRAPHICALEFFECTS 

 

In large bodies of water the thermal inertia of the water causes a slower temperature 

changethan the near by land. For example, along an ocean coastline and during periods of high 

solarinput, the daytime air temperature over the ocean is lower than over the land. The relative 

warmair over the land rises and replaced by coolerocean air. The system is usually limited 

toaltitudesofseveralhundredmeters,whichofcourse, iswherepollutantsare emitted.Thebreeze 

develops during the day and strongest in mid after noon. At night theopposite mayoccur, 

although, usually not with such large velocities. At night the ocean is relatively warm andthe 

breeze is from the cooler land the warmer ocean. The on shore breeze is most likely in 

thesummer months, while the off-shore land breeze more likely occur in winter months. A 

secondcommon wind system caused by topographical effect is the mountain - valley wind. In 

this casethe airtends to flow down the valley atnightValleys are cooler at higher elevation and 

thedriving force for the airflow result from the differential cooling. Similarly, cool air drains off 

themountainatnightandflowsintothevalley.Duringthedaylighthoursanoppositeflowmay 



 
 

occur as the heated air adjacent to the sun warmed ground begins to rise and flow both up 

thevalley and up the mountain slopes. However, thermal turbulence may mask the daytime up-

slope flow so that it is not as strong as the nighttime down - slope flow. Both the sea breeze 

andthe mountain valley wind are important in meteorology of air pollution. Large power stations 

areoftenlocatedonoceancostsoradjacenttolargelakes.Inthiscasethestackeffluentwilltendtodriftove

rthelandduringthe dayand may besubjectedtofumigation. 

 
Windvelocityand turbulence 

 

The wind velocity profile is influenced by the surface roughness and time of the day. During 

theday, solar heating causes thermal turbulence or eddies set up convective currents so 

thatturbulent mixing is increased. This results in a more flat velocity profile in the day than that 

atnight.Thesecondtypeofturbulenceisthemechanicalturbulence,whichisproducedbyshearing 

stress generated by air movement over the earth‟s surface. The greater the surfaceroughness, 

the greater the turbulence. The mean wind speedvariation with altitude istheplanetary 

boundarylayercanberepresentedbya simpleempiricalpower. 

 

In practice, because of the appreciable change in wind speed with altitude, a wind speed 

valuemust be quoted with respect to the elevation at which it is measured. This reference height 

forsurfacewindmeasurementisusually10meters 
 



 
 

Atmospheric turbulence is characterized by different sizes of eddies. These eddies are 

primarilyresponsible for diluting and transporting the pollutants injected into the atmosphere. If 

the sizeof the eddies is larger then the size of the plume or a puff then the plume or the puff will 

betransported down wind by the eddy with little dilution. Molecular diffusion will ultimately 

dissipatethe plume or the puff. If the eddy is smaller than the plume or the puff, the plume or the 

puff willbedisperse uniformlyas theeddy entrainsfreshairatitsboundary. 

 

 

LECTURE-35 
 

Plumebehavior 
 

Thebehaviorofaplumeemittedfromanelevatedsourcesuchasatallstackdependsonthedegreeofinstabil

ityoftheatmosphere andtheprevailingwindturbulence. 

 
Classificationofplumebehavior 

 

1. Looping: it occurs under super adiabatic conditions with light to moderate wind speeds on 

ahot summer after noon when large scale thermal eddies are present. The eddies carry portion 

ofaplumetothegroundlevelforshorttimeperiods,causingmomentaryhighsurfaceconcentration of 

pollutants near the stack. Thus the plume moves about vertically in a spasticfashionandthe 

exhaustgasesdisperse rapidly 

 
2. Conning: It occurs under cloudy skies both during day and night, when the lapse rate 

isessentiallyneutral.The plumeshapeisverticallysymmetricalaboutthe plumelineand themajor part 

of the pollutant concentration is carried down -wind fairly far before reaching thegroundlevel. 

 
3. Fanning:occurswhentheplumeisdispersedinthepresenceofverylightwindsasaresultof strong 

atmospheric inversions. The stable lapse rate suppresses the vertical mixing, but 

notthehorizontalmixingentirely.Forhighstacks,fanningisconsideredafavourablemeteorologicalcon

ditionbecausetheplumedoesnotcontribute togroundpollution. 

 
4. Fumigation: here a stable layer of air lies a short distance above the release point of 

theplume and the unstable air layer lies below the plume .This unstable layer of air causes 

thepollutant to mix down -wind toward the ground in large lumps, but fortunately this condition 

isusually of short duration lasting for about 30 minutes Fumigation is favored by clear skies 

andlightwinds,anditismorecommon inthesummerseasons. 

 
5. Lofting : The condition for lofting plume are the inverse of those for fumigation , when 

thepollutants are emitted above the inverse layer , they are dispersed vigorously on the up 

warddirection since the top of the inversion layer acts as a barrier to the movement of the 

pollutantstowardstheground . 



 
 

6. Trapping: occurs when the plume effluent is caught between two inversion layers. 

Thediffusion of the effluent is severely restricted to the unstable layer between the two 

unstablelayers. 

 

 
PLUMEDISPERSION 

 

Dispersionistheprocessbywhichcontaminantsmovethroughtheairandaplumespreadsover a large 

area, thus reducing the concentration of pollutants it contains. The plume spreadsboth 

horizontally and vertically. If it is gaseous, the motion of the molecules follows the low 

ofgaseousdiffusionThemostcommonlyusedmodelforthedispersionofgaseousairpollutantsistheGa

ussian,developedbyPasquill,inwhichgasesdispersedintheatmosphereareassumedto 

exhibitideagas behavior 

 
TheGaussianplumemodel 

 

Thepresenttendency 

istointerpretdispersiondataintermsoftheGaussianmodel.Thestandarddeviationsare relatedto 

theeddy diffusivities 



 
 

 
 
 

⎦⎥ 

Estimationof δyandδz 

The values of δyandδz have been shown to be related to the diffusion coefficient in the y and 

zdirections .As might be expected, δy and δz are functions of down wind distance x from 

thesource as well as the atmospheric stability conditions. Based on the experimental 

observation ofthe dispersion of plumes, pasquill and Gifford have devised a method for 

calculating, δy and δzofthe spreadingplume fromknowledgeofthe 

atmosphericstability.Sixcategoriesoftheatmospheric stability; A through F, were suggested and 

these are shown in the table 2.1 as afunctionofwindandsolarradiation 



 
 

 

 



 
 

 

 
 

 



 
 

 

 
 

 



 
 

LECTURE-36 
 

Plumerise 
 

Generally,effluentplumesfromthechimneystacksarereleasedintotheatmosphereatelevated 

temperatures. The rise of the plume after release to the atmosphere is caused bybuoyancy and 

the vertical momentum of the effluent. Under windless conditions, the plume risesvertically but 

more often it is bent as a result of the wind that is usually present. This rises of theplume adds to 

the stack an additional height ΔH, such that the height H of the virtual origin isobtained by 

adding the term ΔH, the plume rise, the actual height of the stack, Hs. The plumecenter line 

height H = Hs +ΔH is known as the effective stack height and it is this height that 

isusedintheGaussianplumecalculations. 

 
Plumerise 

 

Estimationofplumerise 
 

1. Buoyantplumes 

In the case of buoyant plumes, the influence of buoyancy is much greater than the influence 

ofvertical momentum. Such plumes are usually obtained when the release temperatures are 

morethan50cgreaterthan ambientatmospherictemperatures. 

 

2. Plumeriseunderstable andcalm conditions 

When there is little or no wind, the bending of the plume is negligible small and it rises to 

someheight where the buoyancy force is completely dissipated. The recommended equation for 

suchasituation is 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 
 

3. Non-buoyantplumes 

Forsourcesattemperatureclosetotheambientorlessthan50°Caboveambientandhavingexitspeedof

atleast10m/sec,thefollowingequationcanbe used 
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AIRPOLLUTIONCONTROL 

 

 

Pollution control equipment can reduce emissions by cleaning exhaust and dirty air before 

itleaves the business. A wide variety of equipment can be used to clean dirty air. DNR 

engineerscarefully study and review how these controls may work and the methods and 

requirements areputintoapermit-a majordutyperformed by theDNR. 

 
ProcessControls 

 
There are other ways to reduce emissions besides using pollution control equipment--

preventemissions to begin with. Air quality permits help minimize, reduce or prevent emissions 

as muchaspossiblebyplacingrequirementson how thingsaredone. 

 
Permits can specify the quantity, type, or quality offuel or other substance used in a 

process.Forexample,apermitmightspecifythemaximumpercentofsulfurthatcanexistinthecoalto 



 
 

reduce sulfur dioxide emissions. A permit may specify the quantity of volatile chemicals in 

paint,solvent, adhesive or other product used in large quantity during manufacturing. Permits 

can alsohelp reduce the impact of emitted pollutants on local air by specifying smokestack 

height andother factors. 

 
Engineers can also set combustion specifications to minimize emissions. For example, to 

helpreduce nitrogen oxide formation, the combustion conditions in the furnace can be altered. 

Theflame temperature can be lowered or raised, the amount of time air remains in the 

combustionchamber can be altered, or the mixing rate of fuel and air can be changed. These 

options areoften reviewed, studied and best choices made depending upon cost, plant design 

and manyothervariables. 

 
GRAVITYSETTLINGCHAMBERS 

 

Thisisasimpleparticulatecollectiondeviceusingtheprincipleofgravitytosettletheparticulate matter in 

a gas stream passing through its long chamber. The primary requirement ofsuch a device would 

be a chamber in which the carrier gas velocity is reduced so as to allow theparticulate matterto 

settle outofthe moving gas stream under the action of gravity.Thisparticulate matter is then 

collected at the bottom of the chamber.The chamber is cleanedmanually todisposethe waste. 

 
Thegasvelocitiesinthesettlingchambermustbesufficientlylowfortheparticlestosettledue to 

gravitational force.Literature indicates that gas velocity less than about 3 m/s is neededto 

prevent re-entrainment of the settled particles. The gas velocity of less than 0.5 m/s willproduce 

good results. 

 
Curtains, rods, baffles and wire mesh screens may be suspended in the chamber to 

minimizeturbulence and to ensure uniform flow. The pressure drop through the chamber is 

usually lowandisdueto the entranceandexitlosses. 

 
The velocity of the particles in the settling chamber can be obtained by Stokes‟law asfollows: 

 
Vs= (g(rp–r  )D2)/18µ 

 
Where, 

 

 
D= Diameter oftheparticle. 

g = acceleration due to 

gravityrp=density oftheparticle 

r=densityofthegas 

µ=viscosity ofthegas 



 
 

 

Theadvantagesofsettlingchambersare: 

 
i) lowinitialcost, 

ii) simpleconstruction, 

iii) lowmaintenancecost, 

iv) low pressuredrop, 

v) dryandcontinuous disposalofsolidparticles, 

vi) useofanymaterialforconstruction,and 

vii) temperature and pressure limitations will only depend on the nature of the 

constructionmaterial. 

Thedisadvantagesofthisdevice are 
 

i) largespacerequirementsand 

ii) onlycomparativelylargeparticles (greaterthan10micron) canbecollected. 
 

Because of the above advantages and disadvantages, settling chambers are mostly used aspre-

cleaners. They are sometimes used in the process industries, particularly in the food 

andmetallurgical industries as the first step in dust control. Use of settling chambers as pre-

cleanerscan also reduce the maintenance cost ofhigh efficiency control equipment, which is 

moresubjecttoabrasivedeterioration. 

CYCLONES: 
 

Settling chambers discussed above are not effective inremoving small particles.   Therefore,one 

needs a device that can exert more force than gravity force on the particles so that they 

canberemovedfromthegasstream.Cyclonesusecentrifugalforcesforremovingthefineparticles.They 

arealso knownascentrifugalorinertialseparators. 

 
The cyclone consists of a vertically placed cylinder which has an inverted cone attached to 

itsbase. The particulate laden gas stream enters tangentially at the inlet point to the cylinder. 

Thevelocity of this inlet gas stream is then transformed into a confined vortex, from which 

centrifugalforces tend to drive the suspended particles to the walls of the cyclone. The vortex 

turns upwardafter reaching at the bottom of the cylinder in a narrower inner spiral. The clean gas 

is 

removedfromacentralcylindricalopeningatthetop,whilethedustparticlesarecollectedatthebottomin

astoragehopperby gravity. 

 
The efficiency of a cyclone chiefly depends upon the cyclone diameter.For a given 

pressuredrop, smaller the diameter, greater is the efficiency, because centrifugal action 

increases withdecreasing radius of rotation. Centrifugal forces employed in modern designs vary 

from 5 to2500 times gravity depending on the diameter of the cyclone. Cyclone efficiencies are 

greaterthan 90% for the particles with the diameter of the order of 10 µ. For particles with 

diameterhigherthan 20 µ,efficiencyisabout95%. 



 
 

Theefficiencyofacyclonecanbeincreasedbytheuseofcycloneseitherinparallelorinseries.Abriefexpl

anationofbotharrangementsis givenbelow: 

 
MultipleCyclones: 

A battery of smaller cyclones, operating in parallel, designed for a constant 

pressuredropineachchamber.The arrangementis compact,withconvenientinletand 

outletarrangements.They cantreatalargegasflow,capturingsmallerparticles. 

Cyclonesinseries: 

Two cyclones areusedinseries. Thesecond 

cycloneremovestheparticlesthatwerenotcollected inthefirst cyclone,because of thestatistical 

distributionacrosstheinlet,oraccidentalre-entrainmentduetoeddycurrents andre-entrainmentin 

thevortexcore,thus 

increasingtheefficiency. 

 
 

Theadvantagesofcyclonesare: 

 
i) lowinitialcost, 

ii) simplein constructionandoperation, 

iii) low pressuredrop, 

iv) lowmaintenancerequirements, 

v) continuous disposalof solidparticulatematter,and 

vi) useofanymaterial intheirconstructionthatcan withstand 

thetemperatureandpressurerequirements. 

Thedisadvantagesofcyclones include: 
 

i) lowcollectionefficiencyforparticlesbelow5–10µindiameter, 

ii) severe abrasionproblems can occurduring the striking ofparticlesonthe walls 

ofthecyclone,and 

iii) adecreaseinefficiencyatlowparticulateconcentration. 
 

Typicalapplicationsof cyclonesare: 
 

i) For the control of gas borne particulate matter in industrial operations such as 

cementmanufacture,foodandbeverage,mineralprocessingandtextileindustries. 

ii) To separate dust in the disintegration operations, such as rock crushing, ore handling 

andsandconditioninginindustries. 

iii) Torecovercatalystdustsinthepetroleum industry. 

iv) Toreducetheflyashemissions. 
 

Theoperatingproblems are: 
 

i) Erosion:Heavy,hard,sharp edgedparticles,ina high concentration,movingata 

highvelocityinthecyclone,continuouslyscrapeagainstthewallandcanerodethemetallicsurface. 

ii) Corrosion:Ifthecycloneisoperatingbelowthecondensationpoint,andifreactivegasesarepresentint

hegasstream,thencorrosionproblemscanoccur.Thustheproductshouldbekept 



 
 

above    the     dew     point     or     a     stainless     steel     alloy     should     be     used. 

iii) Build – up: A dust cake builds up on the cyclone walls, especially around the vortex finder, 

atthe ends of any internal vanes, and especially if the dust is hygroscopic. It can be a 

severeproblem. 

 

LECTURE-38 
 

ELECTROSTATICPRECIPITATORS: 

Electrostatic precipitators (ESP) are particulate collection devices that use electrostatic force 

toremove the particles less than 5 micron in diameter.It is difficult to use gravity settlers 

andcycloneseffectivelyforthesaidrangeofparticles.Particlesassmallasone-

tenthofamicrometercanberemovedwith almost100%efficiencyusingelectrostaticprecipitators. 

 
The principle behind all electrostatic precipitators is to give electrostatic charge to particles in 

agiven gas stream and then pass the particles through an electrostatic field that drives them to 

acollectingelectrode. 

 
The electrostaticprecipitators require maintenance ofa high potential difference between 

thetwoelectrodes,oneisadischargingelectrodeandtheotherisacollectingelectrode.Becauseof the 

high potential difference between the two electrodes, a powerful ionizing field is 

formed.Veryhighpotentials– ashighas100kV areused.Theusual rangeis40-60 kV. Theionization 

creates an active glow zone (blue electric discharge) called the „corona‟ or 

„coronaglow‟.Gasionization isthedissociationof gasmoleculesintofreeions. 

 
Astheparticulateinthegaspassthroughthefield,they getchargedandmigratetotheoppositely 

charged collecting electrode, lose their charge and are removed mechanically 

byrapping,vibration,orwashingtoahopperbelow. 

 
Insummary, thestepbystepprocessofremovingparticles usingESPs is: 

 
i) Ionizing thegas. 

ii) Chargingthegasparticles. 

iii) Transporting theparticlestothecollecting surface. 

iv) Neutralizing,orremovingthe chargefromthedustparticles. 

v) Removingthe dustfromthe collectingsurface. 
 

Themajorcomponentsofelectrostaticprecipitators are: 
 

i) A source ofhigh voltage 

ii) Dischargeandcollectingelectrodes. 

iii) Inletand outletforthegas. 

iv) A hopperforthedisposalofthecollected material. 

v) Anoutercasingtoforman enclosurearoundtheelectrodes. 



 
 

The ESP is made of a rectangular or cylindrical casing. All casings provide an inlet and 

outletconnection for the gases, hoppers to collect the precipitated particulate and the 

necessarydischarge electrodes and collecting surfaces. There is a weatherproof, gas tight 

enclosure overtheprecipitatorthathousesthe highvoltage insulators. 

 
Electrostatic precipitators also usually have a number of auxiliary components, which 

includeaccess doors, dampers, safety devices and gas distribution systems. The doors can be 

closedand bolted under normal conditions and can be opened when necessary for inspection 

andmaintenance.Dampersareprovidedtocontrolthequantityofgas.Itmayeitherbeaguillotine,alouve

rorsomesuch otherdevicethatopens andclosestoadjustgasflow. 

 
Thesafetygroundingsystemisextremelyimportantandmustalwaysbeinplaceduringoperation and 

especially during inspection. This commonly consists of a conductor, one end ofwhich is 

grounded to the casing, and the other end is attached to the high voltage system by 

aninsulatedoperatinglever. 

 
The precipitator hopper is an integral part of the precipitator shell and is made of the 

samematerial as the shell. Since ESPs require a very high voltage direct current source of 

energy 

foroperation,transformersarerequiredtostepupnormalservicevoltagestohighvoltages.Rectifiersco

nvertthealternatingcurrentto unidirectionalcurrent. 

 
Typesof electrostaticprecipitators: 

 
There are many types of ESPs in use throughout the world.A brief description of three 

differenttypesisgivenbelow: 

A) Singlestageortwostage: 
 

InasinglestageESP,gasionizationandparticulatecollectionarecombinedinasinglestep.An example 

is the “Cottrell” single-stage precipitator. Because it operates at ionizing voltagesfrom 40,000 to 

70,000 volts, DC, it may also be called a high voltage precipitator. It is usedextensively for heavy 

duty applications such as utility boilers, large industrial boilers and cementkilns. 

 
Inthetwo-stageprecipitatorparticlesareionizedinthefirstchamberandcollectedinthesecond 

chamber.For example, “Penny”– the two stage precipitator uses DC voltages from11,000 to 

14,000 volts for ionization and is referred to as a low voltage precipitator.Its use islimited to low 

inlet concentration, normally not exceeding 0.025 grains per cubic feet. It is themost practical 

collection technique for many hydrocarbon applications, where the initial 

clearexhauststackturnsinto avisibleemissionasvaporcondenses. 

 
B) PipetypeorPlatetype: 

 

In the pipe type electrostatic precipitators, a nest of parallel pipes form the collecting 

electrodes,which may be round, or square.Generally the pipe is about 30 cm in diameter or less. 

Mostcommonlyawirewithasmallradiusofcurvature,suspendedalongtheaxisofeachpipe,is 



 
 

used. The wires must be weighted or supported to retain proper physical tension and 

location,electrically insulated from the support grid and strong enough to withstand rapping or 

vibrationfor cleaningpurpose.Thegasflowisaxial frombottomtotop. 

 
Thepipeelectrodes,maybe2-5mhigh.Spacingbetweenthedischargeelectrodeandcollecting 

electrode ranges from 8-20 cm. Precipitation of the aerosol particles occurs on theinner pipe 

walls, from which the material can be periodically removed by rapping of pipes or byflushing 

water. Thepipetypeprecipitatorisgenerallyused for theremoval ofliquid particles. 

 
In the plate type precipitators the collection electrodes consist of parallel plates. The 

dischargeelectrodes are again wires with a small curvature. Sometimes square or twisted rods 

can beused. The wires are suspended midway between the parallel plates and usually hang free 

with aweight suspended at the bottom to keep them straight. Discharge electrodes are made 

fromnon-corrosive materials like tungsten, and alloys of steel and copper. The gas flow is 

parallel totheplates. 

 
The plates may be 1-2 m wide and 3-6 m high. The parallel plates should be at equally 

spacedintervals(between15and35cm).Thecollectionoftheaerosolstakesplaceontheinnersideof 

the parallel plates. The dust material can be removed by rapping either continuously 

orperiodically.Thedustparticlesremovedfallintothehopper atthebaseoftheprecipitator. 

 
Collection electrodes should have a minimum amount of collection surface, bulking 

resistance,resistanceto corrosionandaconsistenteconomicdesign. 

 
Plate type precipitators are horizontal or vertical, dependingon the direction ofthe gas flow.Gas 

velocities are maintained at 0.5-0.6 m/s in these precipitators. They‟re used for collection 

ofsolidparticulate. 

 
C) Dryand WetPrecipitators: 

 

If particulate matter is removed from the collecting electrodes, by rapping only, it is known as 

adry precipitator. If, on the other hand, water or any other fluid is used for removal of the 

solidparticulate matter, then it is known as a wet precipitator. In general, wet precipitators are 

moreefficient.However,itis thedry typeplate precipitatorsthatarepredominantlyused. 

Efficiency: 
 

Generally, the collection efficiency of the electrostatic precipitator is very high, 

approaching100%. Many installations operate at 98 and 99% efficiency. Some materials ionize 

more readilythanothersandarethusmore adapted to removalby electrostatic precipitation. 

 
Acidmistsandcatalystrecoveryunitshaveefficienciesinexcessof99%.However,formaterials like 

carbon black, which have very low efficiencies due to very low collection capacity,by proper 

combination of an ESP with a cyclone, very high efficiencies can be 

achieved.ThegasenteringtheESPmaybepre-treated(i.e.,removingaportionofparticulate)byusing 



 
 

certain mechanical collectors or by adding certain chemicals to the gas to change the 

chemicalproperties of the gas to increase their capacity to collect on the discharge electrode and 

thusincreasetheefficiency. 

 
Thefactorsaffectingtheefficiencyofelectrostaticprecipitatorsare particleresistivityandparticlere-

entrainment.Bothareexplainedbelow: 

 
A) ParticleResistivity: 

 

Dust resistivity is a measure of the resistance of the dust layer to the passage of a 

current.Forpracticaloperation,theresistivityshouldbe107 and1011 ohm-

cm.Athigherresistivities,particlesaretoodifficulttocharge.Higherresistivityleadstoadecreaseinremo

valefficiency.At times, particles of high resistivity may be conditioned with moisture to bring them 

into anacceptable range. 

 
Iftheresistivityoftheparticlesistoolow,(<10ohm–

cm),littlecanbedonetoimproveefficiency.Thisisduetothefactthattheparticlesacceptachargeeasily,b

uttheydissipateitso quickly at the collector electrode, that the particles are re- entrained in the 

gas stream. Thisresults inlow efficiency. 

 
Particle resistivity depends upon the composition of the dust and the continuity of the dust 

layer.Resistivity is also affected by the ESP operating temperature and by the voltage gradient 

thatexistsacrossthe dustlayer. 

 
B) Particlere-entrainment: 

 

This is a problem associated with particle charging. It occurs primarily in two situations – due 

toeitherinadequateprecipitatorarea,orinadequatedustremovalfromthehopper.Re-entrainment 

reduces the precipitator performance, because of the necessity of recollecting thedust that had 

been previously removed from the carrier gas. The problem can be overcome by aproper design 

oftheESPandnecessarymaintenance. 

TheadvantagesofusingtheESPare: 
 

i) Highcollectionefficiency. 

ii) Particles as small as0.1 microncanberemoved. 

iii) Lowmaintenanceandoperatingcost. 

iv) Lowpressuredrop (0.25-1.25cmofwater). 

v) Satisfactoryhandlingofalargevolumeofhightemperaturegas. 

vi) Treatmenttimeisnegligible(0.1-10s). 

vii) Cleaningiseasybyremoving theunitsofprecipitatorfromoperation. 

viii) Thereisnolimittosolid,liquidorcorrosivechemicalusage. 
 

ThedisadvantagesofusingtheESPare: 



 
 

i) Highinitialcost. 

ii) Spacerequirementismorebecauseofthelargesize oftheequipment. 

iii) Possibleexplosion hazardsduringcollectionofcombustiblegasesorparticulate. 

iv) Precautions are necessary to maintain safety during operation. Proper gas flow 

distribution,particulate conductivity andcoronasparkoverratemustbe carefully maintained. 

v) Thenegativelycharged electrodesduringgasionization producetheozone. 
 

TheimportantapplicationsofESPsindifferentindustriesthroughouttheworldaregivenasbelow: 

i) Cementfactories: 

a) Cleaningthefluegas fromthecementkiln. 

b) Recoveryofcementdustfrom kilns. 

 
ii) Pulp and papermills: 

a)Soda-fumerecoveryin theKraft pulp mills. 

 
iii) Steel Plants: 

a) Cleaningblastfurnacegas touseitasafuel. 

b) Removingtarsfrom cokeovengases. 

c) Cleaningopenhearthandelectricfurnacegases. 

 
iv) Non-ferrousmetals industry: 

a) Recovering valuable materialfrom thefluegases. 

b) Collectingacidmist. 

 
v) ChemicalIndustry: 

a) Collectionofsulfuricand phosphoricacidmist. 

b) Cleaningvarioustypesofgas,suchashydrogen,CO2,andSO2. 

c) Removing the dustfromelementalphosphorous in thevaporstate. 

 
vi) PetroleumIndustry: 

a)Recoveryofcatalyticdust. 

 
vii) CarbonBlack industry: 

a)Agglomeration andcollection ofcarbonblack. 

 
viii) ElectricPowerIndustry: 

a)Collectingflyashform coal-firedboilers. 

 
SCRUBBERS: 

 

Scrubbers are devices that remove particulate matter by contacting the dirty gas stream 

withliquid drops. Generally water is used as the scrubbing fluid. In a wet collector, the dust 

isagglomerated withwaterand thenseparatedfromthe gastogetherwiththewater. 



 
 

 

The mechanism of particulate collection and removal by a scrubber can be described as a four-

stepprocess. 

 
i) Transport:  Theparticlemustbetransportedtothevicinity ofthewater 

dropletswhich are usually10to1000timeslarger. 

ii) Collision: Theparticle mustcollidewiththedroplet. 

iii) Adhesion: This is promotedbythesurfacetensionproperty. 

iv) Precipitation:This involves the removal of the droplets, 

containingthedustparticlesfromthegas phase. 

 
Thephysicalprinciplesinvolvedintheoperationofthescrubbersare:i)impingement,ii)interception,iii)d

iffusionandiv)condensation.Abriefdescriptionisgivenbelow: 

 
i) Impingement: 

Whengascontainingdustissweptthroughanareacontainingliquiddroplets,dustparticles will 

impinge upon the droplets and if they adhere, they will be collected by them. If theliquid 

dropletisapproximately 100to300 timesbigger than 

thedustparticle,thecollectionefficiencyoftheparticlesismore,becausethenumbers 

ofelasticcollisionsincrease. 

ii) Interception: 

Particles thatmovewiththegasstreammaynotimpingeonthedroplets,butcan becaptured 

because they brushagainstthedropletandadherethere.Thisisknownasinterception. 

iii) Diffusion: 

Diffusion of the particulate matter on the liquid medium helps in the removal of 

theparticulate matter. 

iv) Condensation: 

Condensation of the liquid medium on the particulate matter increases the size and 

weightoftheparticles.Thishelpsineasyremovalofthe particles. 

 

 
Thevarioustypesofscrubbersare: 

 
i) Spray towers. 

ii) Venturi scrubbers. 

iii) Cyclonescrubbers. 

iv) Packedscrubbers. 

v) Mechanicalscrubbers. 

 
Thesimplertypesofscrubberswithlowenergyinputsareeffectiveincollectingparticlesabove5 – 10 µ 

in diameter, while the more efficient, high energy input scrubbers will perform 

efficientlyforcollectionofparticlesassmallas1–2µindiameter. 

 
Theadvantagesofscrubbersare: 



 
 

i) Lowinitial cost. 

ii) Moderatelyhighcollectionefficiencyforsmallparticles. 

iii) Applicableforhightemperatureinstallations. 

iv) Theycansimultaneouslyremove particlesandgases. 

v) There isnoparticlere- entrainment. 
 

Thedisadvantagesofscrubbers are: 
 

i) Highpower consumptionforhigherefficiency. 

ii) Moderate tohighmaintenancecostsowingtocorrosionandabrasion. 

iii) Wetdisposalofthecollectedmaterial. 
 

Thescrubbersare used in avarietyofapplications.Some ofthesituationsare: 
 

i) They‟reparticularlyusefulinthecaseofahotgasthatmustbecooledforsomereason. 

ii) If the particulate matter is combustible or if any flammable gas is present, even in 

traceamounts,inthebulkgasphase,ascrubberispreferredtoanelectrostaticprecipitator. 

iii) Scrubberscanbeusedwhen there are wastewatertreatment systems available 

onthesite,withadequate reservecapacitytohandletheliquideffluent. 

iv) Scrubbers are also used when gas reaction and absorption are required simultaneously 

withparticulate control. 

 

 

LECTURE-39 
 

FABRICFILTERS: 

Fabricfiltrationisoneofthemostcommontechniquestocollectparticulatematterfromindustrial waste 

gases.The use of fabric filters is based on the principle of filtration, which is areliable, efficient 

and economic methods to remove particulate matter from the gases. The 

airpollutioncontrolequipmentusingfabricfiltersare knownasbaghouses. 

BagHouses 
 

A bag house or a bag filter consists ofnumerous vertically hanging, tubular bags,   4 to 18inches 

in diameter and 10 to 40 feet long. They are suspended with their open ends attached 

toamanifold.Thenumberofbagscanvaryfromafewhundredstoathousandormoredependinguponthe

sizeofthebaghouse.Baghousesareconstructedassingleorcompartmental units. In both cases, the 

bags are housed in a shell made of rigid metal material.Occasionally, it is necessary to include 

insulation with the shell when treating high temperatureflue gas. This is done to prevent 

moisture or acid mist from condensing in the unit, 

causingcorrosionandrapiddeteriorationofthebaghouse. 

 
Hoppers are used to store the collected dust temporarily before it is disposed in a landfill 

orreused in the process. Dust should be removed as soon as possible to avoid packing 

whichwould make removal very difficult. They are usually designed with a 60 degrees slope to 

allowdusttoflowfreelyfromthetopofthehoppertothebottomdischargeopening.Sometimes 



 
 

devices such as strike plates, poke holes, vibrators and rappers are added to promote easy 

andquickdischarge. Accessdoors or portsare also provided.Access ports provide for 

easiercleaning,inspectionandmaintenanceofthehopper.Adischargedeviceisnecessaryforemptyin

g the hopper. Discharge devices can be manual (slide gates, hinged doors and 

drawers)orautomatictrickle valves, rotaryairlockvalves,screwconveyorsorpneumaticconveyors). 

 
FilterMedia 

 

Woven and felted materials are used to make bag filters. Woven filters are used with low 

energycleaning methods such as shaking and reverse air. Felted fabrics are usually used with 

lowenergy cleaning systems such as pulse jet cleaning. While selecting the filter medium for 

baghouses,thecharacteristicsandpropertiesofthecarriergasanddustparticlesshouldbeconsidered.

Thepropertiesto benotedinclude: 

 
 

a) Carriergastemperature 

b) Carriergascomposition 

c) Gasflowrate 

d) Sizeand shapeofdustparticlesanditsconcentration 

 
Theabrasionresistance,chemicalresistance,tensilestrengthandpermeabilityandthecostofthefabric

shouldbeconsidered.Thefibersusedforfabricfilterscanvarydependingontheindustrialapplication.So

mefiltersaremadefromnaturalfiberssuchascottonorwool.Thesefibersarerelativelyinexpensive,buth

avetemperaturelimitations(<212F)andonlyaverageabrasionresistance.Cottonisreadilyavailablem

akingitverypopularforlow 

temperaturesimpleapplications.Woolwithstandsmoistureverywellandcanbemadeintothickfeltseasi

ly.Syntheticfiberssuchasnylon,orlonandpolyesterhaveslightlyhighertemperaturelimitationsandche

micalresistance.Syntheticfibersaremoreexpensivethannaturalfibers.Polypropyleneisthemostinex

pensivesyntheticfiberandisusedinindustrialapplicationssuchasfoundries,coalcrushersandfoodind

ustries.Nylonisthemostabrasiveresistantsyntheticfibermakingitusefulforapplicationsfilteringabrasi

vedusts.Differenttypesoffiberswith 

varyingcharacteristicsareavailablein themarket. 

 
FabricTreatment 

 

Fabrics are usually pre-treated, to improve their mechanical and dimensional stability. They 

canbetreatedwithsilicone to give thembettercake  releaseproperties.Naturalfibers (wool 

andcotton)are usuallypreshrunkto eliminatebag shrinkage 

duringoperation.Bothsyntheticandnatural fabrics usually undergo processes such as 

calendering, napping, singeing, glazing orcoating. These processes increase the fabric life and 

improve dimensional stability and ease ofbagcleaning. 

a) Calendering: 

Thisisthehigh pressurepressingofthefabricbyrollerstoflatten,smooth, 

ordecoratethematerial.Calenderingpushes the surfacefibersdownonto 

thebodyofthefiltermedium.Thisisdoneto increasesurfacelife,dimensional stabilityand togive 

amoreuniform 



 
 

surfaceto bagfabric. 

b) Napping: 

Thisis thescrapingofthefiltersurface across metalpointsor burrsona 

revolvingcylinder. Napping raises the surface fibers, that provides a number of sites for particle 

collectionbyinterceptionordiffusion.Fabricsusedforcollecting stickyoroilydustsare 

occasionallynappedto provide goodcollectionandbagcleaningease. 

c) Singeing: 

Thisisdonebypassingthefilter materialoveranopenflame,removinganystraggly 

surface fibers.Thisprovidesa moreuniformsurface. 

d) Glazing: 

This is the high pressure pressing of the fiber at elevated temperatures. The 

fibersare fused to the body of the filter medium. Glazing improves the mechanical stability of 

the filterandhelpsreducebagshrinkage thatoccursfromprolonged use. 

e) Coating: 

Coating or resin treating involves immersing the filter material in natural 

orsynthetic resinsuchas polyvinyl chloride,cellulose acetate orurea-phenol. Thisis 

donetolubricate the woven fibers or to provide high temperature durability or chemical 

resistance forvarious fabricmaterial. 

Operationof abaghouse: 
 

Thegas entering the inlet pipe strikes a baffle plate, which causes larger particles to fall into 

ahopper due to gravity.   The carrier gas then flows upward into the tubes and outward 

throughthe fabric leaving the particulate matter as a "cake" on the insides of the bags.Eff iciency 

duringthepre-coat formationislow,butincreasesasthepre-coat (cake)is formed,untilafinalefficiency 

of over 99% is obtained. Once formed, the pre-coat forms part of the filtering medium,which 

helps in further removal of the particulate. Thus the dust becomes the actual 

filteringmedium.Thebagsineffectactprimarilyasamatrixtosupportthedustcake.Thecakeisusually 

formed within minutes or even seconds. The accumulation of dust increases the airresistance of 

the filter and therefore filter bags have to be periodically cleaned. They can becleaned by 

rapping, shaking or vibration, or by reverse air flow, causing the filter cake to beloosened and to 

fall into the hopper below. The normal velocities at which the gas is passedthrough the bags at 

0.4-1m/min. There are many types of "filter bags" depending on the 

bagshape,typeofhousingandmethodofcleaningthefabric. 

Efficiency: 
 

Theefficiencyofbagfiltersmaydecreaseonaccountof thefollowingfactors: 

 
a) Excessive filter ratios - 'Filter ratio' is defined as the ratio of the carrier gas volume to 

grossfilter area, per minute flow of the gas. Excessive filter ratios lower particulate removal 

efficiencyand result in increased bag wear. Therefore, low filter ratios are recommended. 

Therefore, lowfilterratiosare recommended forhighconcentrationofparticulate. 



 
 

b) Improperselectionoffiltermedia -Whileselectingfiltermedia,propertiessuchastemperature 

resistance, resistance to chemical attack and abrasion resistance should be 

takenintoconsideration. 

 
OperatingProblems: 

 

Various problemsduring theoperationofabaghouse are: 

 
a) Cleaning - 

At intervalsthebags get cloggedupwith acoveringofdustparticles that 

thegascannolongerpass throughthem.Atthatpoint,thebagshave tobe 

cleanedbyrapping,shakingorby reverseair flow by apulsejet. 

b) Rupture ofthe cloth - 

Thegreatestprobleminherent in clothfiltersistheruptureof cloth,which resultsfrom 

shaking. It is often difficult to locate ruptures and when they‟re found the replacement 

timeisoften considerable. 

c) Temperature- 

Fabric filters will not perform properly if a gross temperature overload occurs.If 

thegas temperature is expected to fluctuate, a fiber material that will sustain the upper 

temperaturefluctuationmustbeselected. 

Also,whenevertheeffluentcontains areactive gaslikeSO2which canformanacid wheneverthe 

temperature in the bag house falls below the dew point it can create problems. Sometimes 

itmayevenbenecessary toprovideanauxiliaryheaterto makesure thatthetemperaturein 

thebaghousedoesnotfall below acidgasdew point. 

d) Bleeding - 

Thisisthepenetrationofthefabricbyfineparticles,which iscommoninfabricfiltration. It 

canoccurifthe weave is tooopenor thefilterratiois veryhigh.Thesolutionistouseadouble 

layermaterialora thickwovenfabric. 

e) Humidity- 

This is a common and important problem, especially if the dust is hygroscopic. 

Itwould therefore be advisable to maintain moisture free conditions within the bag house, as 

aprecautionarymeasure. 

f) Chemicalattack- 

This is another problem associated with fabric filters.The possibility of 

chemicalattack due to corrosive chemicals present in the effluent. A proper choice of fabric 

filter willavoidthisproblem. 

 

 
Filtercleaningmechanisms: 

 

Thefollowingmechanismsare usedforcleaningthefiltersinabaghouse: 

 
i) Rapping 

ii) Shaking 



 
 

iii) Reverseairflow(back wash) 

iv) Pulse jet 

 
Multi-CompartmentTypeBagHouse: 

 

Iftherequirementsoftheprocessbeingcontrolledaresuchthatcontinuousoperationisnecessary, the 

bag filter must be of a multi-compartment type to allow individual units of the bagfilter to be 

successively off-stream duringshaking. This is achieved either manually insmallunits or by 

programming control in large, fully automatic units. In this case, sufficient cloth areamust be 

provided to ensure that the filtering efficiency will not be reduced during shaking 

offperiods,whenanyoneoftheunitsisoff-stream. 

Theadvantages ofafabricfilter are: 
 

i) High collection efficiencies for all particle sizes, especially for particles smaller than 10 

micronindiameter. 

ii) Simpleconstructionandoperation. 

iii) Nominalpowerconsumption. 

iv) Drydisposalofcollectedmaterial. 
 

Thedisadvantagesofafabricfilterare: 
 

i) Operating limits are imposed by high carrier gas temperatures,highhumidity and 

otherparameters. 

ii) High maintenance and fabric replacement costs. Bag houses are difficult to maintain 

becauseofthedifficultyinfindingand replacingevenasingle leakingbag.Alsoasgeneral rule, 

about1/4thofthe bagswillneedreplacementeveryyear. 

iii) Largesize ofequipment. 

iv) Problemsin handlingdustswhich mayabrade, corrode, or blindthecloth. 
 

The applicationsof afabricfilterare: 
 

Fabricfiltersfind extensiveapplicationin thefollowingindustriesandoperations: 

 
i) Metallurgicalindustry 

ii) Foundries 

iii) Cementindustry 

iv) Chalkandlime plants 

v) Brick works 

vi) Ceramic industry 

vii) Flourmills 

 
Cost: 

 
A bag filter is comparatively expensive to install. Its power consumption is moderate. In 

mostcases,themaintenancecostishighbecausethebagshavetoberepairedorreplacedregularly.The

nature ofthegasandthedustdecidethefrequencyofsuchmaintenancework. 
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