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I
Physical, Chemical and

Biological Properties of MSW

Physical Propeties of MSW

- Specific Weight (Density)

o Moisture Content

o Particle Size and Distribution
s Field Capacity

& Permeability of Compacted Waste




Specific Weight (Density)

o Specific weight is defined as the weight of a
material per unit volume (e.9. kg/m?, b/ft?)

o Usually it refers to uncompacted waste.

o It varies with geographic location, season of the

year, and length of time in slorage.

Typical Specific Weight Values

Specific Welght (density), ka/m?

Component i Typical
Food wastes 130-480 280
Paper 40-130 B9
Plastics 40-130 64
Yard waste 65-225 100

Glass 160-480 194
Tin cans 50-160 89

Aluminum 65-240 160




& Typical Specific Weight Values

Conditicn Censity (kgfm?)
Loose MSW, no
processing or compaction 20-130
In compaction truck 355-530
Baled MSW 710-825
MSW in a compacted
landfill (without cover) HR-140
w—d
_ M= x 100
@ Moisture Content W

The moisture in a sample is expressed as percentage
of the wet weight of the MSW material

Analysis Procedure:

o Weigh the aluminum dish

Fill the dish with SV sample and re-weigh

Dry SW + dish in an oven for at least 24 hrs at 105°C,

Remove the dish from the oven, allow to cool in a

desiccator, and weigh,

Record the weight of the dry SW + dish.

¢ Calculate the moisture content (M) of the SW sample
using the eguation given above,

o

]

o

o



Typical Moisture Contents of Wastes

Textbook, p 70, Table 4-1

Resndential

Commercial

Construction &
Demodition

Inetusirial

Agricultural

Type of Wanio

I o) wimnties fenimbad)

o

Plastes

Yard Wasies

Fars

Feod wasies

Rubbish (mreed)

flived dems! finn cormbustilies
Mawed garriliushon cembuitibles
Chemcal sludge (st
Sawdusl

Wasd (mired)

Mived agriculiumal wasie
Mg (wet)

Molsture Gontent, %

Hange Typical
RO - B Fi7]
A= 10 LF
O £
90 - &0 LA
1.4 P
=0-EBO T
- 24 15
4-1% i
4«15 |
fa=-99 B0
10 = &0 20
a0 - 60 45
afl- B0 50
75- 56 04

Particle Size and Distribution

« The size and distribulion of the components of wastes are
important for the recovery of malerials, especially when
mechanical means are used, such as rommel screens and
magnelic separalors.

Trommel Screens

For example, ferrous items which are of a large size may be
oo heavy to be separated by a magnetic belt or drum system.
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@ Particle Size and Distribution

The size of waste components can be determined using the
following equations:

S.=L
Se = (L+w)/2
S, = (L+w+h)/3

S. . size of companent, mm
[ :length, mm
W width, mm
ko hedght, mm
o Field Capacity

o The total amount of moisture that can be retained in a
waste sample subject to the downward pull of gravity

Field Capacity Saturation




Field Capacity

Field capacity 1s critically
imporiant in determining the
formation of leachate in

landfills

It vanes with the degree of apphed pressure and the
state of decompostion of wastes, but typical values for
uncompacied communglied wastes from residential and

commercial sources are i the range of 50 - 60%

= Permeability depends on:

Permeability of Compacted Waste

The permeability (hydraulic conductivity) of compacted
solid waste is an important physical property because i
governs the movement of liquids & gases in a landfill.

=

Pore size distribution

Surface area
Porosity ' /

T A CETRC e



Chemical Properties of MSW

= Chemical properties of MSW are very important in

evaluating the allernative processing and recovery
oplions;

Proximate analysis
Fusing point of ash

Ultimate analysis (major elements)

Energy content

Proximate Analysis

Froximate analysis for the combustible components of

MSW includes the following tests:
Moisture (grying at 105 °C for 1 h)

Volatile combustible matter (sgntion at 950 °C in the

ebsente of oxyoen)
Fixed carbon (combustible residue le% alter Step 2)

Ash (weight of residus sfter combustion in an opan crucible)

S Y e




Typical Proximate Analysis Values

@
(% by weight)
Textbook, p.78, Table 4-2
Type of Waste Moisture Volatiles Carbon Ash
Mixed food 700 21.4 A6 50
Mixed paper 10.2 759 8.4 5.4
Mixed plastics 0.2 858 20 20
Yard wastes 600 423 7.3 0.4
Glass 20 . - 0G-99
Residential MSWY 210 520 7.0 200
@ Fusing Point of Ash

o Fusing point of ash is the temperature at which the ash
resulting from the burning of waste will form a solid
(clinker) by fusion and agglomeration.

= Typical fusing temperatures: 1100 - 1200 °C =




&

l.’.f.:

QO

o

Ultimate Analysis

Involves the determination of the percent C (carbon),
H (hydrogen), O (oxygen), N (nitrogen), S (sulfur) and
ash.

The determination of halogens are often included in
an ultimate analysis.

The results are used to characterize the chemical
composition of the organic matter in MSW. They are
also used to define the proper mix of waste materials

to achieve suitable C/N ratios for biological conversion
processes.

D G TR




B

Chemical composition of typical MS\y

Suliur D 1%
Ash 8o -, |~ Nrogen D4%

Ietals 7 7%

/"

o

Class-Comiprrpey
Ba%

e \ '

Typical data in elemental analysis
(% by weight)

Type c H 0 N 5 Ash
Mixed food T30 116 40 o4 01 02
Mised papes 433 L@ 44 3 03 02 60
Worsd plastio 600 12 28 . - 100
Yard waste ako G0 80 14 03 63
:‘:;mgﬁ“" 447 62 34 07 <0t 89




Energy Content of Solid Waste

| k v starninad by BEomb Calorimeter
a Epergy corfent can De GEIEHHHITELD L

. By using a full scale boiler as a
calorimeter

/By using a laboratary bomb
calorimeter
By calculation

- Most of the data on the energy
content of the organic components of

MSVV are based on the results of

bomb calorimeter tests. T R S (AT e e
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Average composition and heating
values for MSW

The average energy content of typical MSW is ~10,000 kJkg

Waste Component Weight % HEE::II?}{:TUE
Paper and paper products 37.8 )
Flaslic 4.60 33.5
Rubber and leather 290 23.5
Textiles 3.30 32.5
¥vacd 3.00 20.0
Food wastes 142 15.1
Yard wasies 14 6 170
Glass and ceramics 9.00 0
hetals 8.20 0

Miscellaneous inorganic 3.10 0

D G TR



Biological Properties of MSW

The organic fraction of MSW (excluding plastics,rubber
and leather) can be classified as:

o Water-soluble constituents - sugars, starches, amino
acids and various organic acids

o Hemicellulose - a product of & and 6-carbon sugars

o Cellulose - a product of 6-carbon sugar glucose

o Fats, oils and waxes - esters of alcohols and long-chain
fatty acids

o Lignin - present in some paper products

o Lignocellulose - combination of lignin and cellulose

o Proteins - amino acid chains



Biodegradability of MSW

o The most important biclogical characteristic of the
organic fraction of MSW is that almost all the organic
components can be converted biclogically to gases

and relatively inert organic and inorganic solids.

o The production of adours and the generation of flies
are also related to the putrescible nature of the organic
materials. These will be discussed when talking about

landfill processes.

Biodegradability of MSVWV

o Volatile solids (VS), determined by ignition at 550 °C. is
often used as a measure of the biodegradability of the
organic fraction of MSW,

o Some of the organic constituents of MSW are highly
volatile but low in biodegradability (e.g. Newsprint) due
fo lignin content.

o The rate at which the various components can be
degraded varies markedly. For practical purposes, the
principal organic waste components in MSW are often

classified as rapidly and slowly decomposable.

D G TR



Production of odors

o Odors are developed when solid wasltes are stored
for long periods of time on-site between collections,

in transfer stations, and in landfills.
o Itis more significant in warm climates.

o The formation of odors results from the anaerobic

decomposition of the readily decomposable organic
components found in MSW.

Physical Transformations

o The principal physical ransformations that may occur in
the operation of solid waste management systems
include;

component separation
mechanical volume reduction
mechanical size reduction
o Physical fransformations do not involve change in phase

(e.g., solid to gas), unlike chemical and biological
transformation.



Chemical Transformations

o Chemical transformations of solid waste typically involve
a change of phase (e.g., solid to liquid, solid to gas, etc)

o To reduce the volume andfor to recover conversion
products, the principal chemical processes used to
transform MSW include:

Combustion (chemical oxidation)
lhermal

Pyrolysis

rll'l N S by

Gasification

Biological Transformations

The biological transformations of the organic fraction of

MSW may be used;
to reduce the volume and weight of the material

) to produce compost
1 to produce methane

and include:
|1 aerobic composting
~ low-solids anaerobic digestion

2! high-solids anaerobic digestion
(anaerobic composting)




o Importance of Transformation

o improve the elficiency of solid waste

managemenl systems
to recover reusable and recyclable materials

lo recover conversion products and energy

g Importance of Transformation

combuslion to produce steam and electricity
pyrolysis to produce a synthelic gas, liquid or solid
fuel, and solids

gasification to produce a synthetic fuel

biological conversion to produce compost
biodigestion to generate methane and to produce a
stabilized organic humus

D G TR



Physical
Transformation

Chemical
Transformation

Biological
Transformation

Process

separation

volume reduction
size reduction

combustion
pyrolysis
gasification

aerobic compost

anaerobic digestion

anaerobic composting
{in landfills)

Method

manual andfor
mechanical

Force or pressure

Shredding, grinding, or
milling

thermal oxidation
destructive distillation
starved air combustion

aerobic biclogical
CoOnversion

anaerobic biological
conversion

anaerchic biological
CONvErsion

Transformation Processes In MSW
Management (Textbook, p.91,

Table 4-8)

Principal Conversion Products

individual compenents found in
comingled MSW

onginal waste reduced in volume
altered in form and reduced in size

CO,, SO, oxidation products, ash
a varniety of gases, tar andior gil
gases and iners

compost
methane, CO,, frace gases, humus

methane, CO., digested waste
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Physical Characterization and Geotechnical Properties of
Municipal Solid Waste

Rakesh Kumar Pandey' and R.P. Tiwari®
; ! Resvrarel Sehalar, NGOG Clitrakool, Setne AL 1) NS, fneliee
* Principal, Engineeving Colfege Nenvgoarge, Chhatarpur, (M P, Indin

AAbstract: Mumicipal Solid Weaste (VS iy complex refise consisting of varions moserialy with elifferem
propertics. Sone of the compoments are stable while others degrade s o result of biofosice! ad elemicel
IOSECS .n’._rm*.i’u.-h' resuliing from thiv ix hazardons polfwrer 1o e soil and proind sater underlying
Feaching of this feachate and heavy metaly nto the soil leads 1o the comtantinetion af hoth sefl anel
Lrons heater. Muricipa! solid wasee clisposal on e has become one af the challenges in londfilf enginvering
dvsigie The stabiliny of landfill is peverned by the strenpth parameters and pliysicel properiies .-_:u_:.l",.1 I5IF. For .r.i::
aalvsic of MSW, geatechnizal properiies of the ASIY ey e fmpenteny role in desigrrng of the fandifl amd
slope stabifiy: tistees. In this paper results of laboratory fnvesiigation of the gemtecimical pr t-!.l':érr.-'e.-; af AL are
presentec Waste samples collected were subjected 10 specific pravity, moisture content, pavticle size anaysts,
compaction, permeability, consolidation and divect shear tests. The inflvence of these properties an the stabifin
of the landfill wnd atfer issues of MSIV in the designing of landfill are disenssed ‘

f{*}?.q;.lum'x: Geatechthical properties, Leachate, Mmicinal Solid waste (ST, Physical characterizafion,
slabiling

I Iotroduction
_ Municipal Solid Waste (MSW) is complex refise consisting of various materials with different
properties. Some of the components are stable while others degrade as a result of biclogical and chemical
processes. Lenchate resulting from this is hamirdous pollutant o the soil and ground water underlying. Leaching
ol this leachate and heavy metals into the soil leads ta the contamination of both soil and groundwater,

Municipal salid wasle mainly consists of kitchen waste, plastics, paper product, textile, garden waste,
construction demolition waste, metals, mnd wood waste ele. However the composition of MSW varies Trom
region Lo region and it depends upen lifestyle, demographic features and legislation, Open dumping has been the
mast accepted practice of solid waste disposal. On an average, 5-6% of the wastes are disposed of by using
various composting methods [1]. The scope of waste reduction programs and other eco-[lFiendly methods of
wasle disposal decreases because of Inck of technical infrastructure, political willpower, and awareness among
people [2].
Proper management of growing quantities of municipal solid wasies (MSW) has been a major concern

of environmental professionals, Despile recycling and reuse efforis as well as incineration, huge quantitics ol
MSW are shill required o be disposed of in engincered landfills. The collection of reliable data regarding
generation and characierization of the waste i3 the key 1o a successful MSW manmagement. Presently, lack of
reliable information sod data regarding generation rate, nmount, and nature of solid waste creates a hurdle in
developing an appropriate wasic management plan,

The geotechnieal propertics of municipal solid waste (MSW) are of paramount importance in designing
and assessing the performance of landfill and in ensuring safe loag-term comainment of MSW so that human
healih and the environment are nol exposed to undue risk, Ceotechnicnl properics of MSW dre difficult to
determine because the I|¢l::r|_:-_|;r¢|1::ii;.'. wide vanation in particle size distribution and time dependent depradation,
Geotechnical propertics of MSW are determined through in-sitn and laboratory tests and for back analysis of
ficld performance data [3]. In landfill design and stability analysis the charmacterization of the mechanical
hehavior of the MSW is necessary as well as other speeific physical properlics such as composition, unit weight,
water and organic contents and permeability. The water and organic content have a direct efiect on the long-
term mechanicnl response of the MSW s they affeet the processes ol biodegradation [4].

Several lindfll Todlures worldwide cmphasized the dire need Tor the proper determination of waste
propertics to ensure sufely and siability of landfills. Dixon and Zones (2005) indicate that measuring and
interpreting MSW characteristics is extremely dillicult task. However, knowledge ol unit weight, verlical
compressibility, shear strength, lateral stilTness, in sito stresses and hydraulic conductivity is fundamental to the
assessment of landfill stability and inteority of both gecsynthetic and mineral lining components. The safety and

stability of the landlills need (o be assessed based on data from landfills, In this conlext characterization of

MSW is important [S].
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. Iniroduction

h Solid Waste (MSW) is complex refuse consisting of various materials with different
properties. Some of the components are stable while ofliers degrade as a result of biological and chemical
processes. Leachate resulting from this is hazardaus pollutant to the soil and eround water underlying
of this leachate nnd heavy meals inte the <o0il leads 10 the conamination ol bath soil wnd proundwater

Municipal solid waste mainly consists of kitchen waste, plastics, paper protuct, lextile, garden waste,
construction demolition waste, metals, and wood waste ele. However the composition of MSW varies from
region to region and it depends upen lifestyle, demographic features and le rislation. Open dumping has been the
most sccepled practice of solid waste disposal. On an average, 5-6% of the wastes are disposed of by using
various composting methods [T} The scope of waste reduction proerams and other ceo-frendly methods of
waste disposal decreases becanse of lack of technical infrastruciure, political willpower, and avwareness among
people [2].

Proper management of growing quantitics of municipal solid wastes (MSW) has been a INAJOr Concern
of environmental professionals. Despite reeveling and reuse efforts as well as incineration, huze quantitics of
MSW are still reguired 1o be disposed of in engineercd landfills, The collection of reliable das regarding
seneration and characterization of the waste is the key o a suceessful MSW mansgement. Presemtly, fack of
reliable information and data rl.!EDl:liilll__: gunumlinn raie, amount, and natere of solid waste ereates 3 hurdle in
developing an appropriale wasle management plan,

The geotechnical properties of municipal solid waste (MSW) are of parmmount imporlance in designing
and assessimg the performance of landGl and in ensuning sale long-term containment of M5W 2o that human
health and the environment are not exposed 1o undue risk, Geotechnical properties of MSW are difficult 1o
determine hecause the helerogeneity, wide variation in particle size distribution and time dependent degradition,
Geatechnical properties of MSW are determined throwgh in-sii and faborory 1ests and Jor back, analvsis of
feld performance dina [3]0 In fandfll design and swbility analysis the characterization of the mechanical
Behavior of the MSW is necessary as well as other specific phyvsical properties such as COmpasition, wnit weigha,
waler amd organic contents and permeability, The water and argmne content have o direet elVect on the bong-
term mechanical response of the MSW as they afleel the processes of Wodegradation 14,

several landfill failres: worldwide emphasized the dire need for the proper determination of waste
properties 10 ensure safety and stability of landllls, Dixon and Zones (2005) indicate that measuring and
interpreting MSW characteristics is exteemely difficult task. However, knowledge of unit weight, vertical

compressibility, shear strengih, teral stiffiness, in site stresses and hydraulic conductivity is fundamental to the
assessment of land B1E stability and integrity of both geosynthetic and wineral lining components. The safety and

stability of the landfills need to be assessed based on data from landfills. In this context characierization of
MSW is importany |5).

Municips

. Leaching
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II.  Physical Characterization Of MSW

The physical characterization of municipal solid waste is done in order to measure the quantity of the
recoverable and 10 study the effect of the physical composition on the strength and stability characteristics of the
M3W. A number of existing classification syslems are simply based on material groups (e.g. paper, plastic,
metal, etc.) or on the distinetion between soil-like (3-D structure) and non-soil-like (2-Dstructure), or fibrous,
appearance (Dixon and Langer, 2006). [6]

Some of the classification systems are MSW component-based systems that are primarily used to
facilitate physical (reuse and recycle), biological (compost) and chemical (chemical additives) processing of
majority of waste material (US EPA, 2003; European Commission, 2003). Component based systems identify
MEW as: (1) material type; (2) product type (LS EPA, 2001). Material type classification may include paper
and paperboard, glass, metals, plastics, rubber and leather, textiles, wood, and others. Product type classification
may include durable goods (e.g. appliances, fumiture, tires), non-durable goods (e.g. newspaper, office papers,
trash bags, clothing), containers, end packaging (e.g. bottles, cans, corrugated boxes), and other wastes (e.p.
yard trimmings, food scraps and miscellaneous inorganic wastes), The rest of available classification systems
are used to facilitate land filling process with minimal demage to protective landfill base-liner [7],

Table - 1 Overview of existing classification systems of municipal solid waste

Author Basis for differentiation Paramclers used for differentinlion
Turciynski, 1928 VWaste Lyps Drengity, sheor pornmeters, lquid plasiee limit, permeahility
Siegel ef al., 1990 baberial proups Pari ol compastion
Landva and Cladz, P850 Crrganle, imarpanks Matenals Degradabiliny  (eanly, slowly, non] shape (hollow, plaky,
elangatel, bulky)
ADEME(1953) Paricle  simc  diswibation and | Siee, materiol groups, moisiure coment and - degradahility
Covmi p s 1o
Cirtgalia et al, 1995 Degrodabde,  inen,  defornaable | Strength, deformability, degradabdiany
mikerial groips
Kolsch, 1996 hdatarea| oroups Size. dimension
Mamassero ol al., 1997 Sodl=like, Oiber Indey propenies
Thomsas edal, 199 Saillike, nor-soil-like Manerial growps
Crixon omd Longer, HH Shape- related subdivisions Matzrial grovps, size, shape, coganke, inarganic, soil-ike, nan-
sail-lika

source: Dixon and Langer, 20006,
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Physical Characterization and Geotechnical Properties of Municipal Solid Wy
—

2.1, Waste compasition
Municipal solid waste is a mixture of wasies tha are primarily of residential and commercial orjpin,
Jelniny categorics of MSW arc found such as lood waste, rubbich. commercial waste. mstitional w Y
i te, industrial waste . il Lo g e R aste, sfroed
F"Eﬂ”‘tﬁh::a:r by e comstruction and demolition waste, and sanitation waste. MSW contains
sanitary napkins, disposahl v Praneics, used batteries, medicines), and soiled waste (blood Sained-voilan,
Attararivsd o s st \‘Elci rht.'I:J- syringes), HS'_W composition al generation sources and collection points
:mﬂ,r 1Y =1t asts, consists mainly of a large organic fraction (40-60%4), ash and fine carth (30~
o), paper {: —G;ﬁ‘.l_aml plastic, glass and metals {cach less i %),
th . T"IL" “ﬂ,su'l 15 segrepated by hand sorting into paper, plastics, inerts (rubber, leather), glass, stones and
¢ Organic fmn:llm_l of the waste, The physical characterizaion of the waste passing through |00 mm sicve was
done by hand sortmg and on the weight basis. The age of the sample was 4- § weeks. The quantity af waste
taken Ff:'r composition wnalysis was 100 kg regarding the composition of MSW generated by the Sama City over
the entire study period. The MSW samples used for all the experiments were those passing through the 20 mm
sieve and retained by the 4.75 mm sieve. Therefore the composition analsis of the 4.75 mm sicve retuined
waste was done and found 1o be: pastel - 392525, paper and cardbonrd - 20.50%, plastic - 17.23%, cloths-
1.50%, plass-2,73%, stones — 1,755, rubber, wood, metals {each less than [30) and efe.
Fig. 2 shows waste composition of the municipal solid waste. According to this figure the percentige
of the main MSW composents are puste (food scrap), plastic and paper/cardboard.

< loab, 7504 paste 30258

Plaadle, 17354

fapmBcardbased

i | ,‘lu_'ru 1 T
LA V& 20 50%
o
A :
L 7 rj
| =
e .. . :
- Fig. 2 composition of municipal solid waste

2, Waler contend , . ‘o
z2. WA The water content ol a typieal MW may inchude both waler held in macraor freely deaining pores and

water absorbed into micro pores within individeal waste compenent such as paper, cardboard, 11:.'-:1|"I1:5,I fond elc.
In eenernl water content of MSW within a Inndfill vy berween its iniial water content on collection and a
water content representing fully saturated conditions [8]. _

The moisture content and armanic content of the waste materdal smalker than 10 mm were measured,
woisture content of the waste smaller than [0 mm material was calculated as the ratio of the weight loss to the
weight that remained afler heating a1 a lemperiure of 70°C wntil the specimen has dried 1o a constant mass.
Maisture cofitents measured were ranged Trom 90% to 143% on dry weight basis, equivalent to 47% to 51% on

wel I}I I basis.

2.3 Specific Gravity : _ _
Pycaometer method was employed te determine specific gravity For MSW in laboratory Tor finding the

specific gfavity of MSW. Specific gravity of MSW in the present swudy was found 1o be 222, The lower valyg
of specific pravity can be afiributed 1o the presence of decomposed organic matter,

3.4, Particle size distribution
In the laboratory the MSW used for the experiments were the waste passings through |0mm sieve,

Most of the teaditional laboratory geotechnical festing equipment cannot accommodate ficld MSW samples with
ia‘g_,ﬂ p.arlij:'fi: sizes. Therefore sieve analysis of the waste retained by the 4.75 mm siove was done on weight
basis and in accordance with the ASTM D422 standards. The maximum quantity of MSW retained was 34% on
the 2.3 mm sieve. The maximum percent passing was §5% through the 4.75 mm sieve, The results are show

in m!‘Fi}.ThC Ch and Ce values for the samples were calculated as and 15 and 1.66. The values indicate m::
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suted of fine
. . L ARASW ,:.nﬂsllll.lm
the samples are well graded and the absence of coarse sanel and clay like particles. The M

sand and sill like particles,

Parlicle shye Disteibubean

Perveitane Pasymg
L
L}

Parratle skee o

Fig -3 Particle Size Distribution of waste sample

1ML Geotechnical Testing OTMSW . A
I this study, the MSW sumples collected from the field and geotechnical testing was oonduigied USINE

s t ucted,
these smnples. Cmnmtic-n. |1_|'-dm“|iﬂ: ¢mgtugliviwh compressibiliny, and shear 5lrr:n1,ﬂ| lesls Wirk coni

Compaction Test i ; c o )
= ﬂml[:nmpnniun iz the process of densification of soil mass by reducing air voids. The degree of

compaction is measured in terms of its dry density. The degree of F{Iﬂ]p.’l.l:“liun m:unllyr dr:pl_'lg!rsr r:'ﬂ;:a ;E 2}{::15;::;
content, compaction encrey and 1ype of soil. The compaciion lest 15 n:nlmcd ot based Iu:u:n .:n._ il 3. e
Proctar Test on MSW using & 100 mm diameter mould. The waste 15 nump_nc‘.-:lrl with 23 Ihtmﬁl u'r ;131:‘3
using standard Proctor hammer, The test is repeated for another five deferminations. A dry density is ploiic
against moisture content, 1o determine the maximum dry density and cptimum moisture content,

3.2 Compressihility Test . ) ) o

Compressibility testing was carricd out in an ocdometer in order 0 delermine _:h-:: n:umpmssq]hﬂ.ny
characleristics of MSW. The test was performed for 2 water content of 4334 and a bulk density 1100 kg/m'. The
size of the sample was 60mim diameter and 13 mim height. The masimum lead applicd was 300 kPa. The wasic
was compacied inta the mould using a circular tamping plate and placed in between the porous stones. Since the
M SW constituled of fine sand and silt like particles the oedometer tests were conducted.

3.3 Hydrauliv conductivity

To determine kydraulic conductivity of MSW laboraory tests were conducted by constant head and
falling hecad methods. Small-scale laboratory tests were conducted to determine hydraulic conductivity by
constant head and falling head methads. Fresh waste was collected [rom a landfill site. The tests were performed
accoeding 10 ASTM D2434 and ASTM D5084 (2007), The waste was compacted into the mould of 285 mm
diameter and 1273 mm height. The permeability was caleulated based on the Darcy’s law. The water content

arid the bulk density of MSW were 45% and 11 kN/m" MSW samples were tested ai confining pressures 50,
100 and 200 kPa.

3.4 Direct Shear tesis

. Shear resistance is & geolechnical parameter of primary concern in describing i ;

DlrnFt_muM 1ests were conducied to determine the shear ssremi;h parameters {::n]n:lsrzgnt i::ﬁrgﬁf:lf ;ﬁiﬂ:’]ﬁf
municipal solid waste. Tests were performed in sccordance 1o ASTM D3080. The samples were Em11pnczll,&d in
square shear bog +:r_I‘EJD mm x L’HJ mm., The height of the box is 50 mny. I the presemt stiedy the direet shear 1esty
were performed with bulk density | 100 ke/m® and for confining pressures of 50, 100 and 200 k*a. The size nt*:"

samphe was 60 mm in length, 60 mm in width and 30 mm in hei
: i m height. i
plotted and the cohicsion and the friction angle valyes were n::lhl::itslaﬂ]l CheeR RN
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Characteristics of hazardous wastes

The regulations define charactenstic hazardous wasles as wastes that ewhibt
measurable properties posing sufficient threats to warran tequiation For awaste
to be deemed a characleristic hazardous waste, It must case. of significantly
contribute to. an increased mortality or an increase in serious irreversitie of
incapacitating reversible illness. or posé @ substantial hazard or threat of a
hazard to human health or the environment, when 1t 15 improperly treated, siored

transported, disposed of, or othenwise mismanaged

In other words, if the wasles generated at a facility are not listed in tha F.K P.or
U lists, the final step 10 determine whether a waste is hazardous is 10 evauals f

against the following 4 hazardous characteristics:

(i) lgnitability (EPA Wasle identification Number D001): A waste 15 an
ignitable hazardous waste, if it has a flash point of less than 60°C. readiy

catches fire and burns S0 vigorously as to create a hazard, or 15 an ignitabe
compressed gas or an oxidiser. A simple method of determining the flash
point of a waste is to review the material safety data sheet, which can be
obtained from the manufacturer of distributor of the matenal Naphtna.
lacquer thinner, €poxy resins, adhesives and ol based pants are all

examples of ignitable hazardous waslies.

(i) Corrosivity (EPA Wasle dentification Number D002): A liquid waste whic
has a pH of less than or equal to 2 or greater than or equal 10 125
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Uni & Hazardous Washe: mnaﬂmﬂﬂ!ﬂm

godium hydroxide, a caustic

considered tobe @ corrosive hazardous waste.
y industries to clean or

solution with @ high pH, is often used by man
degrease metal parts. Hydrochloric acid, 8 solution with a low pH, s used

by many industries 10 clean metal parts prior 1o painting. When these

caustic or acid solutions are disposed of, the wasie is a corosive

hazardous waste.

Reactivity (EPA Waste Identification Number DOD3): A material is

(i}
nstable, reacts violently with

considered a reactive hazardous waste, if it is U
water, generates toxic gases when exposed to water or COMmMos e materials,

or if it is capable of detonation or explosion when exposed 10 heat or a
flame. Examples of reactive wastes would be waste gunpowder, sodum

matal or wastes containing cyanides or sulphides.

Toxicity (EPA Waste Identification Number D004): To determine if a waste
is a toxic hazardous waste, a representative sample of the material must be
subjected to a test conducted in a cerified laboratory. The tfoxic
characteristic identifies wastes that are likely to leach dangerous

(i)

concentrations of toxic chemicals into ground water.

9.1.2 Classification

From a practical standpoint, there are far too many compounds, products and
product combinations that fit within the broad definition of hazardous waste. For

{his reason, groups of wasle are considered in the following five general

categories.
() Radioactive substance: Substances that emit ionising radiation are
radioactive. Such substances are hazardous because prolonged exposure
to radiation often results in damage to living organisms. Radioactive
substances are of special concern because they persist for a long period.
The period in which radiation occurs is commonly measured and expressed
as halflife, ie., the time required for the radioactivity of a given amount of

the substance to decay to half its initial value. For example, uranium
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