Solid Waste Management

INTRODUCTION

6.1

6.1.1

Solid wastes are all the wastes arising Irom human and anima
that are discarded as useless or unwanted,

. Sol'i'c{ \.vgsle encpmpasses the heterogenecus mass of hrowaways frorm residence and commercial
aclivities as vell as the miore: homogeneous accurmulation of a single industrial activity, - I
The sale disposal of solid wastes of & sociely was not a serious problem és tong as the Jolo} sulatio
vas small and Ihe land available for assimilation of wasles was large. ' ¥ "
Thg density of Indian refuse is penerally higher than that of the daveloped countries and hence i
Indian reluse can be carried slficienlly and economically by mechanical iransport. "
The calorilic value of Indian refuse is much smaller, and its molsture content is high
The term refuse’ is ollenused inter‘changeably wilh term solid wasles. o

| aclivities 1hat are nurmaily solid and

Types of Solid Wastes

The general categories of solid wasie are as below:

T
2.

Municipal veastes
Indusirial veasles

Municipal Solid Wastes

The municipal solid -.-.:aste {MSW) is a heterogenous mixture of various kinds of solid wastes which
are noltransporied with warer as sewage. )

It rrlmy include biodegradable {pulrescible) lood waslos called gérbage and the non-putrescible
solid wastes like paper, glass, rags, melal items, elc.. called rubbish, )

The garbage includes all saris of i organi
] 501 pulrescible (bio-degradable) organic wastes obiai i
hulels, reslauranis etc. ’ Frihedliomkichens,

T"f? rubbish comprise of matorial which may either be combustible such as paper, plastic, lextile ele
or incotibustible such as broken glass, crackery, meial, masonry elc

» Classilicalion of maleriat comprising municipal solid wasle as shown in table given below:

Tablo: 6.1 Classificalion of maledals eomprising municipal solid wasle

Component Descripilon

Food wastes The animal, {ruil, or vegelable rosidues {also called garbage) resulling from the
handiing, preparaion, ecoking, and eating of foods, Becsuse lood wastes am
puirescible, thay will decompaosa rapldly, espedially inwarmwealhar,

Rubbish ! Combustible and noncombustibla solid wastes, excluding food wastos or other
pulresciblo malerials. Typically, combustible rubblsh consisls of malesials such
35 paper, cardboarnd, plasics, lextiles, rubber, leather, wood, fumitura, and
garden trimmings. Noncombustiblo rubbish consists of items such as glass,
crockery, tin cans, aluminum cans, ferous and nonferrous metals, dirt, and
consiruclionvastes.

Ashss and residues Malerials remalning from (he buming of v:00d, coal, coka, 2nd other combuslible
wastes, Rosidues from power plants normally are not Inciuded in this calegory.
Ashes ond residues are normally composed af fine, povadery malerials, cnders,
clinkers, and emall amounts of bumed and partintly bumed matarials.

Demolton and Wastes from razed buildings and other struclures are dassiliod as demolition
consliuction wasles waslos. Wastes from (he construction, remedsaling, and repairing of msidential,
commercial, and Industial buildings and eimifar siructures are dassified as
construclion wasles, Those wesles may includa din, slones, conarelo, bricks,
plaster, lumber, shingles, plumbing, heating and elecirical pars.

Spedial wasles Wasles such as sireel sweeplngs, roadside litter, calch-basin debris, dead
. animals and ahandonad vohlcles are dassified as spadialwasles.

Treaiment-plant wasles | The solid and semisolid wastes from waler, waslowaler and industial-wasle
trealment facilitios areincluded in this classificatlan,

6.12 Industrial Wastes »
« Industrial waslns are generatod Irom the induslrial activilies or manufacturing processes.
¢ Allthe three types of wasies, solid, liquid and gascous are generaled
« The solid wasles produced by industries can be breadly divided into foliowing two categories.
. Mon-nazardous solit wasies i, Hazardous solid wasles,

i Non-hazardous Solld Wastes
The non-hazardous solid wastes generaled by various industries can be further subdivided into the
loflowing two calegonies. ‘
{a) Biodegradable Wastes () Mon-biodegradavle Wasles
{a) Blodagradable Wastes: The major induslries in urban area that generale substantial amounts of
biddegradable non-hizardous sofid wastes are : fiuit processing, collon mills, paper mifls, sugar
mills. textila lactories ete. | .
(b) Non-biodegradable Wastes: The non-biodegradable non-hazardous solid wastes of indusiries are
usually referred 1o as the industrial solid veaste,
They are usually producea by industries like thermal plants which produce coal ash, integrated iron
and stee! plant which produce blast furnace slag and sieel melting slag, nonterrcus industries ke
aluminium, zinc and copper - which produce red mud and tailings, fedilizers and allicd indusiries -
which praduces phaspho-gypsure.



il. Hazardous Solld Wastes
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* Some of the wasies generated by industries are daemed to ba hazardous wasles because the

certain substances that are loxic 1o plants, animals and humans are flammable, corrosive, explosive
or highly reaclive chemically: T

* The majer industries that ;ﬁ%oduca hazardous wasles incluﬁ‘e metals, chemicals, drugs ang

pharmaceuticals, leather, pulp ani paper, clectroplating, refining, peslicides, dyes, rubber goads,
etc. ' :

* Awasle js classilied as hazardous, it it exhibilg any of the fallowing characteristics (i) ignitabitity,
{ily corrosivity (iii) reactivity {iv) toxicity T

*  Hazardous wastes was ollen groupedinto the folloving tategories, '
(i} radioactive susbstances {ii} chemicals iy biological lvastes {v) flammable (v} explosives

* The principai sources of hazardous biolegical wastes arg ‘hospilg'ls and biclogical research facilities,

Municipal Solid Waste Composition and Quality of Generated Munlcipal Solid Wastes
Munlclpal Solld Wastes are Classified as:

{2) Garbages: ltincludes all sort of Putrescible organic wastes, obtained romkitchens, holels, restaurants
€lc. All wasle food arlicles, vegelabls peelings, fruit peelings. eic. These wasles are organic in
nature, and thus, fikely 1o decompose quickly: producing foul odours and health hazards, They may
also resull in breeding of fiies, mosquiloes, insects, ete. Henee, garbage must be disposed o,
properly and quickly, Whenitis scientifically processed and composted then we may obtain some

valuable products like grease, fertifizor, etc. from thg garbage. The density of garbage vsually varies
between 450 16 900 kgm3,

Basides the above three impaonant components, the municipal solid vaste may be also include the
line dust, sill and sand oblained from street sweepings,

In the addition 1o the above lour usual componenis of refuse, certain special wastes such as

construclion debris, abandoned appliances and automobiles elg may also be collected at sporadic
intervats from different places.

Munidpal Solid Wastes Classified on the Bases of Source are as Follaws:
Roluse may ajso ba classified, depending on its sQurce, as:

iy House refuse - *7] hey are residontial and commercial wastes.”

(i)} Streetreluse: “They are also callod open areas wastes®

(i) Trade refuse : “They are generated lrom wealment plant sitas,”

1)

Quantity of Munlcipal Solid Waste {(MSW) Produced

» The quantilty of MSW produced by a sociely depends upon the living .s.landards of ils resi:.iems, ‘

¢ The degrea ol commercialisalion. urbanisation and industrialisation, infact, has resulted in a vas
increase in the amounl of refuse gencraled per person. .

* Wilhthe modernisalion and industrializalion, now typa of sofid waste !‘xave come in abu ;dan?ce.l;?;
example-cans, plaslic bellles and containers, plaslic toys and appliances, lyres, pac :'agu:mg
and films, cardboard boxes etc. All such factors have increased the MSW by a large extenl.

~ = Thequantily of refuse producedina c«"ty not only depends upon lhe lype of the cily and on the living

standards of the resident, but also depends upen the seasons. .
* Theaverage compositions of reluse (by weight) is eslimated o be as shown in lable below,

Table: 6.2 Avorage Compasition nnd Other Propertics of MSW (Rafusa)
App. Av. eompowltion (% ngoe by
wolght ot dinpocal alte)
P?cl; ‘ fam [ Constituont For u typlca) Fora typlcad
' ) Indian city clty of usA
1. | Gabage - ' ‘ 45% 20%
2, Rubblsh 15% 50%
3. | Ashes 15% 15%
Y
4, Fino dust, sit and sard 25% 15% v
3
Denaity 400 (o 600 kg/m® 100 to 250 ko/m
Calonflic valug® in 5000-6500 15,000
kitg. Joulofkg**
“Heat, which garbage can genorate.  ** kkg = 0.243 XChg.

* The density of Indian refuse ié. generally higher than that of the develo;_:cd countries, and hfence lhi
Indian refuse can ba carried efficiently and economically by mechanical transport (carrying more
i lilings. ‘ .
weighl for the zame volume} for lang ' ' N o
* Butsince (he caloritic value of the Indian refuse is much smaller, and ils moisiure cpment :s htg:\. il
cannol be easily burnl or incinerated, and hence the incincralion melhod of retuse disposal is nol so

suilable for India.

6.2 Functional Ele.merits of Solid Waste Management

The activilies ianJNed wilh the management of solid wastes from the point of generation o linal disposal

have been grouped into six funclional elements,

1. Wasle generalion
On-site handling, slorage ang processing

(A3 N

Collection
4. Transler and transport

©

Processing and recovery
G. - Disposal



Tabls : 6.3 Desariplon of tho funclional clements of a sokd waslg management system

. - .Componont

Description )

Wasle generation Thasa activifies in which materials ara identified as no langer being of
valueand are aither thrown away or gathered togethor for disposal

On sita handing. Those aclivilies essodated vith the hondilng, storage and processing

storago, and processing of salid wastos alor near the point ol gencration,

Collection Thase activilles assodaled with tha giathering of solld wasles and tha
hauling of wasles aller collection to the localion whers the coflection
vehicle isemplied C

Transfer and transport Those adlivilies associaled with {1} the transfer of wasles from tha

smaller colleclion vehicie to Ihe largar transport equipmont and (2ytha
subsequent Iransport of the vrasles, usually over long distenee, 1o he
disposalsite.

Processing and recovery

Thoso techriques squipment and fadliies used lo improve the
ofliciency of Lhe athor fundional clemenls ard to recovar usabla
matenals, conversion products of energy from solidwastes

Disposal

Those actwitlos ‘assodiated wilh ulimate disposal - of solid wastes,
Including those vastes onlleciad and Wransporied direclly to a landill
sile, semisclid wastos (sludgo) from waslevater rogimant plants,’
Incincrator resldue, compest or other substancos from tha vardous
solid-wasle procassing planls thet are of nofurtheruse, )

62.1 Factors affecting Generation Rates

Factors thatinfiuence the quanity of muncipalwastes

generaled include:

*.  Geographical location

Seasonof (he year

Fublic altitudes
Legislation

PN EwN

622 On-sitc Handling, Storage and Processing
The handiing, storage and processing of solid w,
lunctionat elements in a soiid-vaste management systerm.
Oa-slte Handling: Il refors (0 the aclivilics as:
placed in the containers used for their slorage belore colloctic
handiing may also be required lo rmove adid CORIAINEGSS 10 the 6

Colleclion lrequency (afiects amoun: collecled)
Use af kitchen viastes grindars

Characleristics of papular

Extent of salvaging and recycling

(Viaste gummlionl
. [Soww]

Teanshet ond

Fig.6.1 Intenelationshipoffunctional elements
camprising a solld-waste management system

{0 (he paint where they are stored belween colleclons,

Domeslics wasles accumuialed al several location in anct around low and medium rise residentia

are placed in large storage cantainers 1o awail removal by the vaste-callection agency.

Procassing
ramspat and tecovery

astes at the source belore lhey are collected are Ihe

sociated with the handling of solid wastes unll they are
n. Depending on the lype of colleclion service,
clieclicn pointand to return the empty containers

'dweellings

Orslte Sterage: Faciors thal must be considered in the on-sile slorage of solid wastes includes,

(1} Thetype of conlainer to be used (2} Thecontainer location

{3) Public heatth and aeslhatics and (4} The collectionmiethods 1o be used

On-slte Processing Methods: These are used Io tecover usable materials {rom solid wasles, (o reduce

{he voiuma, or {o alter the physical form. The most common on-sile processing operalions include sorling,
compaclion andincineration,
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Collection of Solid Wastes
« Information on collsclion, ane of the most coslly functicnal glemenis, is presented in four parts
dealing wilh
1. Thetypes of collection services
2. The types of cofleclion systems
3. An analysis of coflection systems,
4. The general methodology involved in setling up collection roules, )

= Ragular collections and ransport of solid waste are most importani operalions in any efficient solid
wasie management which costs about 80% of ihe otal cost of solid wasta management.

° in Indié. refuse is generally collecled in individual houses in small containers, and fmm‘ me;a itis
collected by sweepersin small hand driven lorries/carts and than duraped nlo the community sterage
bins construcled road sides by rr.uncipaiiiigs.

« The capacity of the bins may Vary from 109 10 500 litres depending on the quaniily of zone wise
wiasle generation,

»  Cn-site slorage will be appropriate in case of large quantily of putrescible garbage.

Types of Collection System: Basad on their mode of oparation, colleclion systems are classified mio two

calegories: -

1. Hauled container syslem
2. Sialionasry cortaingr sysiems

Hauled Contalner System (HCS)

«  Collection system in which the conlainer used for {he siorage ol wastes are havled lothe processi{ig.
Iransler (o disposed sile, emptiad and returned to either iheir oripinat Iacation o some other locafion
are delined as hauled container syslems.

» Thoy are wo main types a! HCS

{f) Tilt framme container
{1} Trash Trailer '

Stationary Container Syslte‘m| (SCS}

+  Cadecton systeminwhich ‘1he coniaingrs used for the storage of wastes remain at the poini of wasle
generaiion, except when maved for collection, are defined as stationary contaner sysicm,

*  Thete are two main types of SCW
(7} Those in which self-lvading compactors are used.
{n) Those inwiuch manually lcaged vehicles are used,



Tabla: 6.4 Typical dala on vehidos and conlainers used wilh various colleclion syslems
o k oo ‘Typtcalra;ne
Vehicle Colloction contalner type of ccn!alngr
i . . - ‘ : capacitlas, m’
Haulled -containor system
Till-rame Qpeniop, also called debuis boxns 8-40
Used in conjunction with statignary 10-30
Esmm'. " N
qul with self-contained compagli -
mechanism, : pagion 18030
Trash Irailor Open-top trash-lrailers ' 10-30
Endoszg lmg?m?ounted conlainers 15-30
quipped wilh seli-conlalned i
Equipped « compaclion
Statlonary-containor systems ;
Compactor. mechanizally Open top and enclosed top and side-Joading. 05-8
loaded Smali plastic or )
i< or galvanized melal :
Compaclor, manually containers, disposab 75-
Comps on posable paper and plastic 5 290

Polnts to be taken care of during solld waste management:

The house swea;{ers_and streel scavengers, do nol bother much for carrying raluse properly, and
they goon scattaring it here and there, while carrying itup lo the municipal chambers. This should be
taken care.
The street sca?'engers do nol bring lorrdes and even at the entrance polnt of the municipal refuse
;:h::zber, l;rey;u'setathmwtha reluse, scattered around in and out of ils gate, The sireet animal, would
urther scaller it, leading to afl around scattering of ha refuse, resulling in highly i i it
el ginhighly insanitary conditions
ﬂ\emunicip?xi truck, do not generally clear and ¢lean the reluse chambars proparly, and the residual
reluse remains dumped for a lang time, resuling in its deco mposition and evolulion of obnoxigus
Qases, and consequently causing health hazard.
The municigal trucks, while carting refuse, are generally not closed bodied and hence goon lhrowing
refuse onway, and also giving pungent smells.
The process of refuse cn!fecﬁon and its carringe, therefore nesd vast ch anges in this couniry. The
refuse shoutd, therslore, intact be collected by municipal irucks directly from the houses.

NOTE: Roadside rsluse collection masonry chambers need complale slimination.

Municipal trucks should be complelely closad and should visit home and housas, lwice a day, 1o

collect house hold refuse and streel sweepings.
The transporting vehicles should also be of highquality of special design and be properly mainiainad,

The.y should be strong, durable and water tight and be made of stainless steet with smaoth interior,
having rounded comers and edges, lor lacility of cleaning.

1_'h'ey should have a low loading line, say uplto 1.5 m, so that minimum timo and elfort s required in
filing them,

Mechanical devices should be installed in these vehicles, for lifting Ihe body (o the sides or back, or
for pushing the refuse out, so thal they can be quickly and easily emptied.

An optimum collection route, particularly for large and densely papulated area should be setecled in
order 10 oplimise the callection system.

624 Transfer and Transport
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The functionat element aof Iransfer and transpot relers Lo the means, lacifilies and appurtenances
used to effect the transter of water from relalively small collection vehicles lo larger vehicles and lo
transport (hem over exlended distances lo gilher processing cenlers or disposal sites,

Transler and transporl operation becomes a necessity when haul dislances lo availabla disposal
siles or processing centers increase (a the: point Ihat direct hauling is no longer economically feasible.

Imporiant factors that must be considered in the design (o transler slations include

(i) Tyf:e ol fransfer operation (o be used. " (i) Capacily requirements

(ifiy Equipmentand accessory requirements (iv) Environmental requirements

Depending on the methods used lo load Ihe ransport vehicles, lransfer slation may be classilied

into three types. o

(i)  Direcl discharga fransfer station in which waste from the collection vehicles usually are emplied
directly into lhe vehicles 1o he used to lransport them 1o a place ol final disposition,

(ii} Storége discharge Iransfer slation, in which wastes are emptied either inlo a storage pit or onto
a platform from which ihey are loaded inla transporl vehicles by various types of auxliary
equipment,

(i) Combined diract and storage discharge Iransfer stalion. There are multipurpose facililies
designed to service a broader range of users than a single-purpose facility. In addition to
serving a boarder range of user, a multipurpose Iransfer station can also house a malenais

) salvage operation. '

Whenever possible, transfer slation should be located:

iy  Asnear as possible, |0 the weighled centre of he individual solid waste praduclion areas (o
be served. .

(i) © Within easy access of majar artarial highway toules as well as near secondary or supplementary
means of lransporiation.

(i} Where there will be a minimum public and environment objeclion 1o the Irans!er operations.

{iv} Wnhere construction ahd-operalion will be mosl econumical. ' ;

Processing Teéﬁniques

Progessing lechnigues are used in solid wastes managements system o
(i) improve the efficiency ol solid-waste disposal systems
{@} torecover resources (usable materials)
{iil) 10 prepare malerials lor the recovery of conversion product and energy.
Important processing technigues used routinely in municipal solid-waste syslem include compaction,
thermat volume reduclion (incineralion) and manual separation of waste compoenenls.
1. Machanical Voluma Redustion: It is the most imparfant {agtor inthe devatopment and aperation of

saolid-wasle management systems. Vehicles equipped with corpaction mechanisms are used far



l1he uf;cl)llecﬁon of most municipal slid wastes. Wastes are compacled to increase the usefut fife of
andlills. ’ :

Thermal \{olufne Reduclion: The volume of municipal wastes can be reducad by mbre than gg
percent by incineralion. Incinaration was quite common in the pasl, however, wilh more restriclive air
pollution eontrol requitemants only a limiled numb icipal inciner
T er of municipal incineralors ar i

ot o] : are currently in
Ma’nual pomponan! Separation: The manual separalion of solid wasle compenents can be
acoomp}lshed a} Ihe source where sulid wastes are genaraled, al a transler station, al a cenlrafized
prog?ssnng slation, or at Ihe disposal sile. Manual sorling al the source of generation is the mast
posilive way to achieve tha recovery and reuse of malerials. The number and types of componeants

salvaged or slorled {e.g.. cardboacd and highquality paper, metals and vio0d) depend on the focalion
the oppartunilies for recycling and the resale markel, ) I

Tabla: 6.5 Factors that should bis considered In evalualing on-sila processing oquipmont
Factor Evaluation _]
» Capabiliitles ¥¥hai viil Lha dovice ar mechanism da? Willits use be animprovemaniove reonvontionalpraclicos?
Reliabilly nwlin:llm?:meg;ii‘m:nltm peronm s dos{i%naled functons with litle altention beyond praventive
i s Kectivenass of the squi ;
D00 o0 0 Marely ey BJyon damm;llatad In uso ever a reasonable
Seevice Wit écl-r'clng Ccapabiliti : os
¢ pabilites bayond tiose of the Jozal bullding mai i
3 ! nlananca staffl be
occasionaty? Are propery lrained sarvico peisonnel avaliable Lhrough the equipmant manuia:eqwea
he locui dislritutor? worer
Safaty af Is tho progosed equipment raasonab, -
s " sed 7 loalproof so thal il may bo oparated b i
opbralion personnel with imled machanical knowlzdge or abilifius? Dzos ilufxavo auo:.f::':le:r ol bugmng
discoutaya careoss uso? eavands 1o
Ease of I e equipment gasy lo oporate by 4 tenant ar by bui
e N at Y buitdlng personnal? Unisss functions and
opoeration operatons of equipmonlt can be carried our easlly, 1+ i K acuiod by ond
porsasel o by torams 7. sy may be ignated or “short-circuitay by paid
Efficlency Dees iho equipmont pedonn olhﬁmni!y and wilh i ' i
¥ilh 3 minimum of alenlion? Under mos iti
cqulpmenllhnlcomplelcsanopemlluna!cycleoacnﬁmellis»usedshou!d beselected, oct candiions,
Envircnmonlat | Does the equipment pollute o comaminate the covl
¢ e ! rommani? Whare possiblo, i 5
allests mduze ntdt pallulion p:esently .dwilhmmerniormllur:gticms,'10 napmont ehouis
Health (’I‘JL‘INR Docs thg device, m’echonfsm,';rcquipmenlmaalcoramplllyhearlh hazards?
Acsthotlce Doas i equipment aind its arangenen! offand the sang
oliminate offending sights, adours, and noiges. o7 Every tfort should e mads to reducuer
Economics !N:at are the economies nvalvod? Bolh firel and annual costs musl be considered. Fulute oparalion
.mu maln:o:vance cosls musl be assessed carefully, Al faclars being equal, equipmont produced by
well-gstabbshed companies howing o proven history of saliskaciory opuration, shoufd be giva:

IDPODTGI CONSIde) Shion.
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6.3  Disposal of Municipal Solid Wastes (MSw}

e Dunng the ume the reluse is discarded and thrown aveay, and till the me it is loaded in trucks for

Iranspotialon, & Wl of recydiable matenials ke paslics, Papers and giasses are rermoved by the rag
PDIZRErS, ‘ I

63.1

>
»
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After the waslzs are loaded in lrucks il is 1aken for ils final disposal.

Appropriate melhod of disposal of solid viaste should be chosen in order 1o satisly the present as
wallas fulure requiremnent, ' )

It shouid not create environmental poliution and should result in recovery of material as well as

energy.
Mast commenly employed meihods for solid wasle disposal, pracliced all over the worid are.
(i)  Opendumping {i) Sanitaryland filling also called controlled fipping.

{tv) Composling including vermicomposting
{(vi} Bargingitoutinto ihe sea

{ii}. -Shredding and Pulversiation
{v) Incineralion and Thermal Pyrolysis

Disposal of Refuse by Open Dumping

Qldest methed of disposing solid wastes

\'/ary simple method and commonly adopted in our countey.

Solid wastes collected from the cily zone is dumped in low lying areas located far off frosn the city,
Not an eco-friendly method and thus resulls in contamination of environment.

Thismethod is highly unacceptable as it gives unsightly nuisances, obnoxious smell and is a breeding
place for llies and mosqguitoes.

The method is stillin practice in sermi-urban and rural areas.

Disposal of Refuse by Land Filling

Disposalon or in the earth's mantel is at present the only variable method for the long termhardling of:
1. Solid wastes that are collected and are of no lurther use

The residual matter remaining alter solid wastes have been processed.

The resigual matier remaining after the recovery of conversion products andfor energy nas been
accomplished

SN

NOTE

' Landfiling is the method of disposal used most commonly for municipal wasles, land farming
and deep well injeclion have been used for industrial wastes. Although incineration is often
considered a disposal method, it is in reality, & processing method,

Land filling imolves the conlrolled disposal of solid wastes on of in the upper layer of the earths
mante.

Important aspeclts in the implementation of sanitary land fills include

{a) Site selection

{0} Landlilling memodé and operatons.

{cv Occurrence of gases and leachate in land fiils.

(d) Movemen! and control of land il gases and lcachate,

In this method of refusc disposal, sefluse is carried and dumped intc the low lying area (earmarked
as land filf site) under an enginzered operanon, designed and operated it sn environmentally sound
manners as rol Lo cause any public nuisance or hazards 1o pubhc nea!(h of salety,

In this method, the refuse is dumped and compacied in layers of about 0.5 m thickness, and alter
the day work whea the depth of filing becomes about 1.5 m, « is covered by good earth of 15cm
thickness. This cover ol good earth is called daily cover.



——

* Thereluse iswall compacted with bull , '
' : ozers, lrucks rollers ete, and is well cove ily wi
earths, it does not cause any public nuisance. overadalyvingood

*  The filing of refuse is actually done in sanita i ivi
. ry land filling by dividi j i i
sl ot caledugts ‘ : @ Dy dividing the entire land fill area into
. ;l;l:ese ceﬂs arie inifialiy lilled with daily compacted refuse aboul 1.5 m depth, ini lurn. Altar {illing al
o cells with first ifL, the second Jift is laidis about 1.5m height and covered wilh good earth cov
of about 0.15 m depth called intermediale cover, N
. ::i ;irgc;ess :,m t;onﬂnua tillthe tap most liftis piled ub. bqer which tha final cover of good carth of
ul.6m depth shall be laid a ing i
N, P! aid and well compacied to plrevc!nt zhe rodents tror'q burrowing into the
* Acap system may also ba instalied over the top of ihe ‘linal cover.
* Inseclicides like DDT, creosole ele should be sprayed to prevent mosquito breeding.

**  Thefiled up refuse gets stabilized due 1o the di iti )
e ’ ecomposition of organic matter in due co i
subsequenily getting converted into stable compounds. ' vsectime
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Flg.6.2 Sectionalviewof asanitary land fiff

Steps involving Refuse Stabilixatien;

= Withthe passage of lime, the fillad i ili
Lthe P refuse will get siabilized due to'the decompositi i
. 0
malter and subsequent conversion into stabip compounds, . pestionofergani

s

NOTE

The la{ld mtmg opsration is /.essenualiy a biolagical method of waste lrealment, since the

) w?'sle is stabilized by aerobic as wel| as anaarobic bacterial procasses,
é 2. Initially, the lt:af:teltal decorvp‘osiﬁcn ©egurs under the aerobic condition s, because a certain
amount of air is frappad within the landfill. However, the oxygen in the Irapped air is soon

exhausled vithin a few days andthe i
e sied y: €0ng term decomposition occurs under anaarobig

3

The antire period of refuse slabilization can infacl, be divided into five distinct phases.

(i} During the first phase of operalion, acrobic bacteria and fungi which are dominant, deplete
lhe available oxygen o eflect oxidalion of organic matter. As a resull of aerabic respiration,
the lemperalure in the fill increase.

(i) Inthe second phase, anaerobic and facullalive bacteria develop to decompose the organic
matter and H, and CO, gases are thus evolved through acidogenic activily.

(i} Inthe third phase, methanogenic bacteria develop 1o cause evolution of methane gas.

(iv) tnthe lourth phase of decomposition, the methanogenic aclivity gels stabilised.

{(v)  Inthe tilth stage, the methanogenic aclivity subsides representing depietion of the arganic
maller and ulimately, (he system returns-to aerobic condition within the fand fill,

NOTE

A refuse, in managed land fills. may usually get stabilised generally within a periog of 2 to
4 months and settle down by 20-40% of ils original heighl. The filled up land can be used far
developing some green fand, parks or olher recreational spols. '

' Advantages: -

() This method is most simple and economical. Mo costly plant or equipment Is required.in this method,
" asis required in other matheds of incineration ar pulverizalion.

tii) Separation of different kinds of refuse, as required in incineralion method is alsc not required in this
method.

(i) Trere are noresiduas or by products left outfevolved in Lhis mothods and hence no furiher disposal .
is required, this being a complete method in ilsalf.

(iv) Low lying walerlogged areas anct otld quarry pils can be easily reclaimed and pul 1o betler use, The
mosquito breeding places are thus, eliminated.

Disadvantages: .

(i} Low lying depressions or dumping sites may not always be available as lhay may hecome scarce
or unavailoble in fulure,

() Thereis a continuous evolution of fout gases near the fill site, especiaily during the limes he refuse
is being dumped there, These gases may ofien be explosive in nature and are produced by the
decomposing or evaporaling organic malter. These gases known as fand filf gases.

(i} Since the: dumped garbage may conlain harmful and sometimes carcinogenic non-biodegradable
‘subslances'such as plastic, unused medicines, paint elc, they may start iroubling cn a later date,
particularly during rainy season, when excess waler seeping through the area, may come gut of the
dump as a coloured liquid cailed leachata. Leachate is highly poisonous.

Land Filling with Solid Waslgs:].aﬂd filting invedves the contralled disposal of solid wastes on or in the

upper layer of the earlh's mantle, important aspects in the implementation of sanilary land fils include.

1. Sile selection )
2 land filling mathods and operalons.

3. OQccurrence of gases and leachale in land filis

4. Movementand controt ol land fill gases and leachate.



Site Selection

Faclors thal musl be considered in evalualing potential solids waste disposal site are summarized in

the tabl‘e belov

Table: 6.6 Faclors {hat must be considered in evalualing polantial landfill sites

) Factor ’ ) Romarks ) )
Available Jand area Site should have auseful litw grealer than 4 yr (minimum value).
Haul distance Will havo significanl!mpacl on operating costs. ‘ ‘
Soil condilions and topography Cover materal must beavailable alor neartha sito.
Surface water hydrology Impacts drainage requirements. L
gorﬁlognc and hydrogeologic Probably most important faclors in establishmens of landfill sits,

Climatologle condilions

Local environmental conditions

Ullimale usa of silo

especlally wilh raspect 1o site preparalion.
- Pravisions mustbe made forwet-wealher operabon,

Moise, odour, dust, veclor, and aeslhelic faclors conlrol
roguiremants

Afiectsfong-letm management for sits.

[—

*  Finat selaclion of a disposal site usually is based on the resull of preliminary site survey, resulls of
engineering design and cost studias and-an environmental impact assessment.

Land Filllng Mathods and Operations: The principal methods used lor land hlnng oy areas may be

classilied as:

(a) Arpa

(B) Trench (¢} Depression

{a) Area Method

fUis used when the terraing is unsuiladle for the excavatinn of renches (o place he solic wastes.
Entire land fifl sites is divided ino number oi sub areas by construcling embankments and
roads,

The subareas are called sub dnwsnon cellsor sirnaly cells Rest mcmod ic similar io as dascribed
earlier.

 Paraly~ ;aé E ﬁ _ ! ! E !%! v Iy.‘:md(in’sl'lufenmd
comploled =4y . .
second I DL sy .

s / mmm mﬂrﬁﬂm:::_’uu;m

- o eatdh Bloaing -
JIHT JUIM doh—n 5".1'-1" e
L St W«'H/A @ 5
\ﬁ\‘“\
?*}' 5 "t\‘m — E

Eanhen ;
lovee ar benn ‘\‘

v‘;;«.,’ P
Comr‘lf,lcd sohd \vaflu. E/;,y
-in 3 complete cell -

Flg.6.3  Awamethodof landfilling solid wastes

{b} The Trench Method

The trench melhod of land lilling is ideally suiled lo area where an adequate depth of cover
material is available at the sile and where the water table is well below the surface.

(n this method, a rench is cug with a bulldozer and the dirtis slockpiled toform an ambankment
being the first rench.

Then placed inhe trench, spread inlo thin fayers and compacied.

The operalion continucus until the desired heightis reached.

Cover malerial is oblained by excavating an adjacent irench or continuing the Irench thal is
being filled. .

in large land iills, 4 dragline and one or more SCrapers are used lo excavale a deep reclangular
pil.

Wasles con be unioxded fiom
this pasition of from » pasition
msida o Irench

Fig.6.4 Trenchmethodaf landliliing solid wastesfor smalllandfills,

(c) Depression Method

«  Atlocations where nalural or arfilicial depressions erisl, itis oltan possible to use hemellectively

for fandfilling operal;ons

The iechnsqmes I place and compact sohd wastein depression landiills very with the gecmelry
of the site. the characienstics of the cover material, the hydiology and geology of the sile and
e sccess io the site.

in a canyon site. filling starls ot the head end of the canyon and ends at the mauth, Thispractce
prevenls the accumulaiion of waste tiehind e fandhll.

Wasles usually are deposited on the canyon floor and from there # is pushed up agawst the
canyon face atastoproiabout 2lo . Int (his way, ahigh degree of compagiion can be achieved.



'NOTE ' 1. Because of the problems associated with contamination of logal ground walers, the -
davelopment of odours and structural siability, landfills in wet arcas are seldom usad,

. "l wel areas suchas swamps and marshes, lidal areas and ponds pit or quarries must be
used as landlilt sites, special provisions must be made lo contain or to ellminate Ihe

maovemeni of leachate and gases from complated cells,

N

Oceurrenceof Gascs and Leachatesin Land Fills: The following biological, physicat and chemicat events
occur when solid wasies are placed ina sanitary fandiit: b 1 )
1. Biologicat decay of organic materials (aerobically/anaemqicaliy) with the evolution of gases and
liquids .
Chemical oxidalion of waste materials
Escape of gases from the il )
Movemant of liquids caused by differential heads

Dissolving and leaching of organic and inorganic materials by vater and leachale movin q through
the fill; !

6. Movement of dissolved material by concentration, gradients and 05SMOosis
7. Unevenselllemenl caused by consolidation of material into voids,

LA

Gases in Land Fils:

* Gasesfoundinland fills include aif, ammonia, carbon dioxide, carbon manoxide, hydrogen, hydrogen
suffide, methane, nitrogen and oxygen.

*+ Carbondioxide and methane arethe principal gases produced from the anaerpbic decomposilion of
the erganic sofid waste components. '

*  Themovement of gases in landfills should therefore be contralled with properly dusigned engineering
methods such as by constructing vents and barriers,

*  The movements of iand filis gases can be controlled by the land fifl sealants. Compacled clay is
mast commonly used as land fill sealants, !

Leachate in Land Fills:

* Leachate may be delined as liquid that has percolated through solid waste and has exlracted
dhissolved or suspended materials from it

*  In mos! landfils, the liquid portion of the leachate is composed of the liquid procfuced from the
decomposilion of the wastes and liquid that has entered the landiill from external £ources, such as
surface drainage, rainfall, groundwater ang waler from underground springs,

¢ Under normal conditions, leachate 1s found at the boltom of landfills. From there, il moves through
the underiying strata {although some lateral movement may also oceur) depending o the
characteristics of the surrounding material.

* The use of clay lines or synihetic iiners like geotexiites has been the most favourable method for
teducing and eliminating the percolation of leachate,

* Animponant method to control (he praduction of leachate is 1o eliminate the infiltration of surface
veater from the landill which is the major contribulor to the (otal volume of the leachate . For this we

use an impervious tlay layer over the lop ol the il at a decent slope . provided with adequate
drainage and surface infliration,

Tabla: 6.7 Landfill Sealants for Lhe Conlrol of Gas and Leachate Movement

Sealant

ClossHlcallon Roprosaoniative typos
Compacied sod Shoutd contaln samo tiay or fing sill.

onites, illlos, iles | Most commanly used seafant for landfills;
Compacled clay Bentoniles, illlos, kooliniles Ia;r IHdumslevar!os o e
yer mugl be continuous and mot alieyed to
diyoutand crack.

Inorganie chemieaks J Sodiun carbenale, silicate, | Usadepends onlocal sol charctertsles.
of pyrophosphato

hatle chemicat Poly rubbar latox Expedronnial, use not well estabilshed.
i i 0 isto ba
Synthatic membrana | Polyving! ehtorldo, bulyl Exmnsn?.rrmybolsshﬁod%mcn is
hners fubber, hypalon, poly- | recovered.
ethyleng. nylon-reinforced
liners,
asphal i to malntatn
Aodii sphatt, I { Loyer must be thick anough L
Aephal ;c::dor.gg ?:fly propylene | contlauily under diffaronlial sotiling
fabric, asphalt concrola conditions,
Others Gunite concrelo, soil

cemont, plastic o cemant

) 1

Examples:i . T senitary landiill, d‘ecomposmcm and chemical changes wilhin organic content !
of Ihe solid wasta ges on, Consequenlial changes wilhin landfill can be

1. lemperature changes within landfill

2. production of gases llke H,S, CO, CO, and CH,

3. deslruction of pathogans

4. production of clher gases like SO, and NO,

Which of thase statements are carrect?

{a) 1,2,3and 4 (b) 1,2and 3
{c) tandA4 {d) 2and 3
ans. (b) ]

e taanm memen mrmmeemmmeere

Movement and Control of Landflll Gases and Leachate
Gas Movement and Contral: . N
*  Underideal conditions, the gases generated from a land (il should be either venled o the atmosphere

i i ion of energy. ’
or, in larger landlills, collected for the production ol 3 .

* Inmost cases, aver 80 percenlt of lhe gas volume produced fromthe decomposition o solid wastes
consisls of melhane and carbon dioxide. .

* Although most of the methane escape lo the aimoesphere. both methane and carbon dioxide hav»s:
been lound in concentration of uplo 40 parcent al lateral distances of upto 120 m from the edges o
fandlills. ' o _

*  Because carbon dioxide is aboui 1.5 times as dense as air and 2.8 hm?s as dense as‘m'mha'ne. it
1ends to move towards the bottom af the landiill. As result the concentration of carban dioxide in the

lower portions of landiills may be high for year.



NOTE

Because carbon dioxide is readily seluble in waler, it usually lowers the pH, which in furh can
: U K

increase the hardness and mireral conlent of the [
’ 2 ground water lhrou ilizali :
calclum and magnesium carbonates. g?? e §O1U§llrzalton D!'lg

1 |'g ses in landlills can be conlrolted Y COJ stryct g ven! nd barrier ng
The movemen| olgasesin 1ol by co <
isa al by gas

The Ia.leral movement of gases produced in a landiill can he onlealted by installing vents mad
materials (hal are more permeable than the surrgunding soil. oo

Conirol of the downward moveman) of i :
] gases ¢an be accomplished by installin ipes i
a gravel layer at the boltom af the landiill. o Y aperioraledpipesi

The fnovemenl of landlill gases through adjacent soil formalion can be contrallad by canstructin
barriers of materials lhal are more impermeable (han the soil, ?

The njovemenl of gases fn landfils can also ba conlrolled by instaling gas recovery wells in completo
landfills clay and other liners are used where landiill gas is lo be recovered
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Fig.6.5 Typical methods for venling landfill gases: (a) cell; (b) wench; (ch well

Leachatia Movement and Contrel:

Under normal condition, leachals is found in the bottom of landills. From there, movement is ihrough
the underlying strata, athough some lateral movemeni may also occur, depending on the characleristic
of the surrounding materials.

Asleachate percalales thvough the underlying sirala, many ol tha chemical and biological consliluents
originally contained initwill be removed by the fillering and adsorplive action of lhe material composing
lhe soils, especially the clay contenl, )

The use of ¢lay has beenthe favoured melhod of reducing or eliminaling the percolation of leachate.
Membrane liners have also been used, but they are expensive and require care so that they willnot
be damaged during the lilling operations.

Factors to be Cansidered in the‘Design and Operations of a Sanitary Landfill Site

633

{mporiant design consideration inthe dasign and operation of tandlills includa.

0}
{ii}
{iii}
{iv}
]

Land requirement

Types of wastes that must be handled

Evalualion of segpage potential

Design of drainage and seepage cont rol (acilities
Developmenl of a general operalion plan

{(vi)  Design of solid wasla filfing plan

{vif)

Datermination of equipment requirement,

Disnosal of Refuse by Shredding and Pulverisation

The size and voluma reduction of municipal solid wasle {MSW) is accomplished by the physical
processes of shredding and pulverisation.
Shredding refers 1o the aclions of culting and tearing, whareas, pulverisalion refers o the actions of
crushing and grinding.
The shredding and pulverising not orily helps in raducing the voluma of MSW, but also helps in
changing the physical characler of the wasle, which oecomes pragiically odourless and unattraclive
lo the insecls.
The pulverised refuse, though conlains {enilizing element like potash, phosphorus and nitrogenous
malerials, yet cannol be suilably used as manure. 1t has, thereforg, 1o be further disposed off eithor
by filling in trenches, or is digested in open windrows of closed digesters.
The shredding and pulverising may heip in reducing Ihie overail volume of the original MSW by as
much as 40%. o
The pulverisation of thSwis usually achieved in a hammer mill, where ihe raw solid waste is cramped
wilh a force, sufficient to'crush or lear individual componeats of the wasle.
in order to further reduce the wasle volume and faciliiate pandling of the pulverised MSW, itis
usually compacled 1o form rectangular blocks and bai's. This process is called bailing of MSW.
The balling process. hus has signilicant advaniages in decreasing he waste volume. and inproviding
an easy way lor handling waslc as blocks rather than as litter, thereby reducing the filter nuisance ol =~
scallering. ele.



63.4 Disposal of Refuse by Composting

Composting of refuseis a biological method of decomposing solid wastes,

This decomposition can be alfecied eilher under aerobic conditions orunder anaerobic condition o
both.

The final end product is a manure, called the compacl or humus.

if the organic materials, excluding plastics, rubber and leather are separated from municipal solig
wastes and are subjecied 1o bactarial decomposition; the end product rernaining after dissimitatory
and assimilatory bacterial aclivity is humus or compost. Thelenlire process involving both separalion
and bacterial conversion o lhe arganic solid wasies is knawn as composling.

Decomposition of the organic solfd wastes may be accomplished eithar aercbically or anacrobically
depending on the availability of oxygen, ‘

Basically, compaosting Is considered (o be an acrobic process, because it involves piling up of
refuse and its regular turning, either manuatly or by mechanical devices, so as to ensure sufficient
supply ol air and oxygen during ils decompaosilion by bacteria, fungi and other microorganisms, like
anfinomyce.es.

bacleria. This temperature controt is crucial, because optimal decom position occurs betwecn 55 and
60°C. butif the lemperalure exceeds 60°C, decomposilion stows down, ‘

Complete stabilisalion occurs afier the compact is allowed Lo cure for another 2to 8 waeks. During
the active early decomposition phase, the thermophitic bacleria are mare aclive during the curing
slage. ' B

Tr.xe anlire composting, thus gers completed in about 3-4 monlhs time. Volume reductions of the
original organic malerial of upte 50% are achieved under ideal conditians, The tinally produced
campostusually, has earthy smell and a dark brovwn colour,

Moisture content of the composl mass should, however he conlrolled to ensure optimum aerobic
def:omposmon. because excessive moisture will make it dilficult lo maimain aerobic concittions,
while deficient moisture inhabits bioiogical life. Amoisturc contenl of about 555 should be eslahlished,
so [hat aerabic biological activily may proceed al an oplimum rala, '

Most composiing aperation invalve tivee basic steps
1. Preparation of the solid wasles,

2. Decomposition of the sofl wastes

3. Product preparation and markeling

Receiving, soiling, separation, size reduction and moisture and nulrient addition are pant of the
preparaiton step. Several techniquoes have been developed toaccarnplish the decompostion step
Once Ihe solid wasles have bean converted 1o a humus, they are ready lor the third slep, product

preparing and marketing. This step include line gtinding, blending with various addiives, granufation,

bagging, siorage, shipping and in some case direc; marketing.

The principal design cansideralion associated with the biclogical decomposm'oh of preparad sold
wasles are presented in table beloyw.

[ Tabte: 6.8 Impovtant design conslderalions for derobic composling processes

ftam Comment

Particle Size For oplimum resulls the size of solid wastes should ba bolween 25 and 75 mm
{1and 3in).

Seeding and Mixing Composting time can be reduced by soeding with partally dacomposed solid
wastes lo lha extenl of about 1 1o 5 porcent by weight. Sewage sludge can als be
added to preparad solid wasles. Where sludge is added, the linal molsture conlenl

) Is the conlrolling variable,
Mixing or lming To prevent drying, caking, and air channeling, maleral in Lhe procoss of being
: composted should be mixed or tumed on a regular schedule or as regmred.
Frequency of mixing or turning witl depend on the type of composling opedalion.
Air requirements Air with at feast 50 percent of tha initial oxypen cancontration remaining should

ceach all parts af the composling material for eplimum resulls, especially In
mechanical systems.

Tola! Oxygen Requiremonts

The heotelical quantity of oxygen required can ba estimated.

Molsture Content

Molslure conlent should be in the range behveen 50 and 60 percent during the
compasting pracess. Tho optimum value appears lo be about 55 percanL

Tamperaturo

For bestresulis, lemperature should be malnlalned between 323.and 328 K (S0and
55°C} for lhe sl few days and betvaen 326 and 333 K (55 and 60"C) for the
remainder of the ective composting period. If temperature goes beyond 339 K
(66C}), blolaglcal activity is reduced significantly. .

Carbon-nitrogen Ratio

Initial carbon-nitragen ralios (by mass) between 30 and 50 are opli mum for aarcble
compasing. Al lowar ralios, ammonia is given off. Biclogical aclivity Is also
impeded af lower ralios. Al highes ratios, nilrogen may be a limiting nutrient,

pH

To minimize the loss of nitrogen in the form of ammonia gas, pH should not rise
above aboutB.5.

L

Conlrol of pathogans

Il properly conducted, itis possitle to kit alt tha pathogens, weeds and seeds during
the composting process. To do Lhis_ the temperature must be malntained betweon

333and 343K(60and 70°C) lar 24 h,

Carbnn-Nilroge_n Ratlo

. The CIN: of (he input malerial in compost heap is an importan factor for the bacterial aclivity 10

continue, since Ihe bacteria use nitrogen for building their cefl structures (as profeins) and carbon far
lood (as energy).

Anaerobic bacleria, developing in this digestion, use up carbon about 30 - 50 imes laster than thoy
use up nilrogen. Hence, for proper development of anaerobic digestion, C/N ratio of the digestive
malerial should be between 30 10 50 {or optimum digestion.

It there is loo much of carboni.c, C/Nis higher than Ihe optimum, then nitrogen will be used up and
carbon left over. thereby teaving the digestion of organic matler incomplete.

Ilthere is too mueh of nitrogen, i.e. CM ratio is lower than the optimumn. then the carbon wifl soongel
exhausted and fermentation stop, leaving nitrogen in ihe digester which will combine with hydrogen
1o form ammenia {MNH,). This cankifi or inhibit the grawth of bacleria aspecially tha methane producers.

The anaerobic digestion willhence require an optimum C/N ratio of about 30 - 50.



NOTE The inllial C-N ratio and molsture content of the compact heap are wo important comrollmg

pathogens and contains 1% N, 1.1% Plas P,0c) and 1.5% Klas K,O} on-dry basls, thus -
proving to be a valuable nulient fof Ihe soils, along wilh produpmg blogas as a by-produc.

Indlan Method of Composting:

In India, the composling is praciised in rural argas on ihe mixiure of night soil and refuse
Two melhiods, which are generally adopted here, are :

1. Indore process 2. Bangalore process

1 indore Mathod of Composting: ! fr
* lluses manual {urning ol piled up mass {refuse + night soil) for ils decomposilien under aerobic
conditians.

* In this method, layers ol vegetable wasles and night sail are alternatively piled in depths of about
7.510 10 cm each, lo a tolal depth of about 15 min atreach or above the ground to (arm a mound
called a windiow.

* The mixiure is kept agrobic by turning regularly ior 210 3 manihs.

* This composlt massis then Iefl!oranothcr about 110 1% raonths without any turning after which, the

compost becomes ready for use, The enlirs process thus takes aboul 4 months, This mathod is
primarily aerobic in nature.

R Bangalore Method:

* The Bangalore method of composling, involves anagrobic dacomposmcn al wastea, and dogs not
involve any turning or handling of the mass, anc is, hence, cleanér than the Indora method . This
method is. tharelora, widely adopted by munizipat aulherilies Ihoughoul lndia.

* The refuse and night soil, in this method, are therefore prlcd upinlayers in anunderground earthen
trench of about (1I0mx 1.5mx 1.5 m).

*  This mass is covered aj its lop by layer of carth of about 35 cn deplh and is finally lell over for
decamposition.

= Wilhin210 3 days of burfal, intensive biological action staris taking place and orgamr; malter begins
{a be destroyed

* Considerable heat gets avolved in the process which raisos \he mmperalure o! the decomposing
mass of about 75°C. This heat prevents the breeding of flies by desiraying the larvae.

*  Aller about 4 lo 5maonths (depending upon the season), ihe refuse gets fully stabilised and changes
into a brown colaured odousless innocuous powdery mass, called humus,

e This humus is removed Irom Lbe renches, sieved on 12.5 mm sieves lo remove stones, broken
glass, brickbats, elc. and then sold oul in Ihe markal as manure. The emply trenches can again be
used for receiving furlher balches of reluse. i

NOYE Night saii Is delinad as human wasle, and, as such, it is bacleriologically unsanitory and
chemicany unsiable.

Night soltis a euphemiem for human feces collected at nighl form cesspools, privies, ete. and
sometimes used as a lertilizers.

faclors in the success ol anaerobic dlgesllon which finally praduces a compost, free from *

Fuily Mechanised Composting Planis:

« llinvolves mechanised receipl, segregalion and pulverization of the refuse, before its digestionin
closed digeslers.

= Closed digesiers are coslly and used in developed counldes. In developing countries iike India, itis
carried out in open windrows hy turning the comgpos! mass by mechanical devices,

» The precetures adopted for composting in mechanised planls are discussed below.

(a) Receiptof Refuse, {b) Segregationo! Reluse.
{¢) Grinding or Pulverizing of Reluse {d) Digeslion or Fermentalion of Refuse

Vermi-Compasling: .

»  Vermi-composting uses the natural composting pocass of decomposition of biodegradable organic
maller by th e soil bacteriaasin ordinary composting tecrnique, bul lakes the assistance of culiured
aarhwoms.

« These earthworms do help in quicker decomposilion of the organic matter.

« Thevarious steps invalved in applying the vermi-composting technigue at individual domestic tevel
arg sumnasised below:

{iy  Dig a small pit aboul 0.5 m square and 1 m deep.

(i) Lineihe pil with siraw of dried leaves and grass.

(i) Organize the disposal of organic domeslic wasie (such as vegelable wasies) info Lhe pit as
and when generaled.

(v} Introduce a culture of worms that is now produced commercially.

{v} Cover the pil contents daily, by sprinkling ol dried Isaves and scit everyday.

(viy Waler the pil once or (wice a week 1o koep il fnoist,

iy Turn over e contents of the pit every 15 days.

{vii} 1n about 45 days, the wasle will be decomposed by the action of the micro organisms.

(%) The produced humus (soil) in the pit is fertile and rich in soil nuinenis. L can, hence, be used
in the garden

Wluch one of the lollowing melhods of solid waste managoment conserves 1
energy rnosl efﬂcler\ﬂy in the form of gas or oil?
(a8} Inclneralion with haal recovery
{c) Pyrolysls
Ans {d)

63.5 Disposalof Refuselby Incineration and Thermal Pyrolysis

«  Buining of tefuse al high lemperatures i lurnace, cafled incineralors, is quite a sanitary method of
s reluse disposal, and is wide! y adopied in developed coundries fike USA, where the collected refuse
15 of high calorific value, and is hence quite suitable to burning.

»  Only the combustible matier, sueh as gatbage rubbish and dead animals are burnt, and ihe
incombustiole matter ke broken glass, chinaware, melal elc. are cither lefl unburnt or are separated
out lor recycling and refuse, before burming the solid wastes. Prior separation of such materials wil
reduce the foad on the furnance and shall more ihan compensale the cosl ol this separation.

(b} Combusling
(d) Fluidized bed incinsration
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One of the most eflective melhods of Gas
feducing the volume and weigh! salid ' -
wastes by burmning it in a wel] designed
fumace,

When the available land s scarce,
disposal requirements are slring our and
desiruction of loxic waler is necessary,
incineration is the best method for
treatment of solid wastes.

There are mainly wo slagas involved is
the process of incineration first drying and
than combustion. Drying and combuslion
may be accomplished either in separate
units or successively in lhe same unit
depending on lemperature constrainis
and control parameter,
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Flg:6.6 Schematicskelch of aconventional incineratar
{travelling grate type), 1o be used forincinerating
municlpal solid waste {refuse)

Large scale air polfution particularly due 1o the emissions of dioxins remains a serious problem witﬁ '

theincinerators.

Large size incinerzftors are called deslructor, and they can burn 100 to 150 tlonnes of refuse ﬁer hour.

A Ffeslmc!or conls;sl of a furnace chamber, comhustion chamber, expansion chamber, and a tali

chimney. The ancillary work consist o? ash-pit. charging apparalus, forced draft apparﬁture prehealing

arrangements, sieam generaling apparalus etc. l

While operating the inginarators, the feltowing points should be carg {ully observed

{2}  Thecharging should be thorough and rapid. f’

{t} anch batchof refuse entering the furnace should be well mixed, and (ha proportion of the fuel
inthe charge be adjusted lo provide complete combustion, and proper lemperature,

{c}  The minimum temperaiure in the combustion chamber should be sufficient {normally targer
than670°C}, so astoincingrats all organic matier and oxidise foul smelling gases. ®

Advantage:

Thisis the most sanilary methed of refusa d
sposaland ensures G ; .
bacleria and insecls, s complete destruction of palhogenic

There is no odour ouble or dust nuisances
Some costcanbe recovered by seliing the steam power and clinkers, !

”’e UISW%I ste can be convenig l“y foca:ed within {h City ne he oulsk I nd ransporiatiol
2 cily near the S
i ulski 18, and rans ta

It requires very less space for refuse disposal.

Disadvantage and Limitations:

ltis a very costly method any requires a fot of technical knowledge,
Solid waste 10 be burn! should have a high calorific value.
Smake odour and ash nuisance may resull due lo the improper and incornpetent operatian of the

plant. particularly if substances like plastic, giving high caloril
SHL, € { s '
the wasles. ang rilic value of the wastes, are presentin

Pyrolysls:

Uponhealing in closed conlainers in oxygen free aimosphere, most of the organic sustenances of

solid wasie can be splitihrough a combination of thermal cracking and condensalion reaclions into

gaseous, liquid and solid tractions. This process is kaown as pyrolysis or thermal pyrolysis,

This process is also known-as destructive distilalion.

When the organic solid waste is pyrolysed, following three type of products are obtained at different

slages of lemperature.

(). agas stream which contains hydrogen, methane, CO, CO,.

(i) afiquid iraction consisling of a lar and oil siream and is {ound lo conlain chemical like acetic
acid, acelone and methano! i

' (i) asolid Iractian consisling of charcoal like product plus any inerl material.

The respective quanium’s of three end producls (i:e gas, oil and ¢harcoat) is found (o depend upon
the temperature of pyrolysis. '
Pyrolysis may be used for reducing the quanlities of sludge produced In water or wasle waler
Ireatment plam, before their ulimate disposal by methods like landlill and land application.

63.6 Disposal of Refuse by Barging It out into the Sea

*

This rﬁelhod had been used in'the pasl ta dispose off refuse by Ihrawing il away into the sea,

The sea depth at such disposal point should not be tess 1han 30 m or so, and the direction of the

currents should be such as not to bring il back towards the shore.

This method may, however hava a limiled use and that tac only in a fow coastal lowns.

This method, however, proves to be quite cheap and simple but possesses the following

disadvanlages:

i) The bulky and fighter paris of the refuse do not setiie down remain fioating and rend 10 relurn
to the shares, especially during high tides.

(i}  This melhod require ships or barges for laking the refuse inta the interior of he sea, The
mavement of which may b2 diflicult during monsoons and stormy weathers, During such
periads the refuse will either have (o be collected or disposed of by some cther melhod.

(i)  Even inspile of the best care and eflorts, some refuse in this melhod, relurns ta the shores,
spoiling their beauty,

{iv}  The dumping of reluse in sea may cause pollution of sea, leading (o large scale fish kills, if the
reluse héppers lo contain any toxic material. :

Due to such disadvantage and tlue to general ban imposec on dumping of wastes o the sea, this

-, methed has now become obsolete.

6.4 Storage, Transportation and Disposal of Industrial Solid Wastas

Management of industrial wastes have generally remained some wat neglectedin India. O! late, slag
from steel indusiry and lly ash from thermal power planls have been ulilised by cement induslry
Howaver, only 1+ 2% of fly ash and 30 - 60% of biast furnace slag are being utilised by cement

indusiry.



+ Some serious draw backs naliced in collection, slorage, transport and disposal of industrial solid
wasles in India are lisied below:

1,

@ N ;oA

No municipal corporation (or any olher public body) is assigned ihe duly of sale collaction,
transpoitation, and disposal of industrial wastes. The responsibility lies totally with the industrial
unils and is {argely neglected.

Wastas are shovelled into storage containers and loaded inle lories manuatly.

Useful iem from the wastes are salvagad by faclary workers, who usually handle Ihe wastes
vilthoul gloves.

Wasles are piled against a or on apen grounded is a common sight in laclories.

Concrete bays or disused drums are often used lor slorage. |,
Wastes are rarely covered,

Wastes are transporied in apen trucks, which often spill the wastes.

Drivers are not advised about the precavlion lo be 1aken.

Table: 6.9 Exisling Melheds of Wasle Disposa! In India for Gerlain Selec Indusirias

S Ne

Industry Blyposal of waalos

0

[0}

(i)

(i4])
{¥)

Potrochomleals All sludga end solid waslos fram o plant oro colacted and sent lo a

disposol slto outsida tha planl.

Pals, varmish, equars] Solidwaste Is colected al point of goneration n bamels ond givon loa
conldor for disposal. Dale txpired paints ara sold off. Waslo
boutmenl sludga is disposed of along wilh other solidwaslps,

Dyn Intermediates
(naphihalona-based),
Hacd. G odd, peracds

Manually callected and dumped in fow-lying areas.

Ethanclaming Putindruears and ﬂorndxrndcrgmﬁ,wi:ﬂmmlcd.

Qrthochlaring ButntIn opea pits

- Industrial solid wastes pose a serious ihreat to (e environment in India, because iheir disposal is
- largoly uncontrolled. The responsibility of their safe disposal lies Solely of the industrial units.
Highly toxic wastes are sometimes destioyed by conliolied inzineralion, but more commonly, small
quantilies of sludges are buint along vilh lactory gasbage in open pils. Secured land liling of
contalners of wasies, again is not as.¢ommon as uncontralled dumping, which is most comman
practice. Indusirial wasle is disposed along with municipal solid waste in industrial agglomerations.

Summary =

(©

Reluse represents dry wastes or solid wasles of the society.

Gases found in lundfills include air, ammonia, carbon dioxide, carbon monoxide, hydrogen,
hydrogen sulphide, methane, nitragen and oxygen.

Composling of refuseis a biological method of decamping solid wasles.

C/N of the input malerial in the compost heap is an imporizni factor for the bacierial
aclivily lo continug, since Ihe bacleria use nitragen lor building their colt structures {or
proleins) ahd carbon lor food (erergy)

Q2

Q3

Qa4

Qs

Which one of the following comprehensive

classilications is used for dilferent lypes of

solid wasles?

(a} Residential, commercial and reatment
plant wastes

{b) Food, demolition and construction wasles

{c) Municipal, industrial and hazardous
wastes

{d) Rubbish, special wasles and wastes from
openareas

The term ‘Refuse’ generally doss not include
(8) putrescible sofid wasle

(b} excreta

{c} non-puttescible solidwaste

{d) ashes

Consider the [ollowing statements; n solid

wasle management

1. densily separation of solid wastes canbe
accomplished by air classifiers.

2. jronrecovery romsofid wasles canbe done
by magnetic separators.

3. aluminium separalion lrom sofid vastes
can be accomplished by eddy current

separalors,
Which of these slatements are correct?
{8) 1and2 (by 2and 3
{c} Tand3 (d) 1,2and 3

The daily cover of MSYY landlills consists of

which one of the lollowing? .
(&) Compacledsoil (b} Geomemsbrane
(c) Geatexiite {d) Geccomposile

Which one of the rollav}ing paramelers is nol
included in the routine characlerization of sglic
wasle for ils physical composition?

(a8) Moisture content

{b) Densily

{c) Parlicle size analysis

(d) Enecrgy valuc

GE

Q7

Qs

Qs

Q.10 -

Q.1

Qa2

Dioxin is released during which one of the
fellowing processes?

{a} Composting

(b} incineration

{c) Sanitaryiand filing

{d) Bio-lerlilization

The leachate is an efiluent from which of the
following?

{a) Septiclanks  {b} Sanitacy lands fills
{c) Compostplants {d) Aeratedlagcons

Twn biodegradable components of municipal
solid wasle are

{a) plasiics andwood

{b) cardboard and glass

{c} leatherandtincans

{0} food waslesand garden rimmings

The typical densily in kgfm? {in silu) of well-
compacied municipal solid waste inlandlillis

. inthe range of
{a) 10010300 {b} 3010500
{¢} 55010850 {d) 900101100
Non-disposa! ol solid waste may cause the
spread of
(a) mnlaria
{b} rodenisrelaicd plague
{c) typheid

{d) dyseniery

Which one of the oliowing statements explaing

the term pyrolysis?

{al Solidwasleis healed inclosed containers
inoxygen-free almosphere

(b} Solid waste is incinerated in presence of
oxygen ’

{c) Waslewaler is Ireated with oxygen

{d) Dissolved solids fromnwater are removed
by olass distiflaton

50 ¢ of CO, ang 25 g of CH, are produced
{rom the decomposition of mumgipal solid



Q.13

waste (MSW) viith a formula weight of 120 g.
Wha is the average per capila gréen house
gas production in a ity of 1 million peaple
wilh a MSW production rale of 500 ton/day?
{a} 104 g/day (b} 120g/day

{c} 208 gfday {d} 313g/day

Statement-I: Municipal Solid Waste is

disposed off in the Transpor! Safe Disposal

Facilily (YSDF) to convert It into organic

compost.

Statement -II: The organic Municipal Solid

Wasle is converted inla composl by warms;

andthe process is called "Yermicomposling',

{2} bothAandRarewueand R isthe correct
explanation of A

(b} bothAandRaretrue but Risnota correct
explanation of A

{c} Aistrue bul R is false

{d) Aisfalse but Ris lrve

Answers

1. (&} 2 (c) 3.{d) 4. (a) 5. ()

6. (b)) 7.(b)

8. (@) 8. (d} 10.(p)

1. {a) 12 (4} 13, (a)

Hintsand Exp!aﬁations:

Ans9 (d)

When compacting a broad range of municipal
solid wasles, the typical densily obiained is
about 1100 kg/m? irespective of the slanting
densily and applied pressure,

Ans.11(a) |

Upon heéung in an oxygon free atmosphere
during pyrolysis. mast organic substances can
be split through a combination of thermal
cracking and condensation reactions in
gaseous liquid and solid fractions.

Ans.12 (d)

We know that both C0O, and CH, are green
hause gases, '
~ Total green house gases produced by
120 gm of MSW

=509C0, +25g0l CH,

=75 gm
500 ton of MSW will praduce green hause
gases

75
=500x10’><ﬁ’

= 3125 » 10° g/day
Percapila average production of green house
gases

312.5x10°
T Tixigs 9

= 312.5 g/day ~ 313 gfday



