INTRODUCTION

Hazardous waste treatment and safe disposal
is a key element of hazardous waste
management. It is necessary for protection of
human health and the environment. However.
in the management of hazardous waste. it is
impontant 1o consider another aspect, which
is pollution prevention and wasle
minimization of hazardous waste. While. in
many cases it mayv not be possible o avoid or
eliminate generation of hazardous waste from
some industrial processes. it is recommended
that hazardous waste minimization
©pportunities should be evaluared at industrial
facilities before implementing a waste
treatment system. Whether on-site or off-site
treatment is considered, waste minimization
generating hazardous waste.

Depending on the situation. hazardous waste
tréatment is either done at the industrial
facility, where the waste is generated. or at an
off-site commercially operated rreatment,
storage. and disposal facility (TSDF). In most
cases. a typical integrated TSDF consists of
different units. and a secured landfill.
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TREATMENT
TECHNOLOGIES

There are many treatment technologies for
hazardous wastes available depending on
several factors such as physical form of the
waste (solid, liquid. or gas), quantity of wase.
characteristics. combined or segregated wastes,
degree of treatment required. and ultimate
disposal method. The treatment technologies
can be categorized into physical, chemical,
biological. and thermal trearment

Combinations of treatrnent technologies are
often used to develop the most costeffective.
environmentally acceptable solutions for

hazardous waste treatmeny.

PHYSICAL TREATMENT

Physical proce wes for hazardous waste
treatmeni nclud: Sorcenung. Sedementanon
and Clanficatior . Centrifuganon. Flogation,
Filtration. Sorpuon. Evaporstion and
Distitanon. Air or Steam sMapping. and
Membrane-based provesses. Theve processes
are moshv appliec 1o baund hazardous wastes,
ard involve the separation of suspended or
collodal solds f-om the hiquxi phase The
selection of the « chnology depereds mamby
on the concentra 1on and charicensucs of
the suspended «whids relative 1o the lbqguent
phase Physical provesses segregate the wuaste
from one form 10 another. reduces the voluame.



and concentrates the solids to facilitate further
treatment, but do not detoxify the waste.
Whenever 2 wasie containing liquids and solids
must be treated, physical separation of the
solids from the liquid should be considered
first because it is generally cost-effective to
treat a low volume, high concentration waste.
Usually physical treatment is used in
combination with other treatment
technologies for optimum waste treatment

and disposal.
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CHEMICAL TREATMENT

Chemical treatment involves the use of
chemical reactions to transform hazardous
waste into a less hazardous waste, Or non-
hazardous, or make it less mobile in the
environment. Chemical treatment can be
useful also in volume reduction and promoting
resource recovery from hazardous wastes.
Chemical reatment is commonly used before
sending a hazardous waste 10 an off-site landfill
for disposal. Also, since liquid hazardous
wastes should not be disposed in a landfill
without prior treaument, chemical treatment
is often used to either make it non-hazardous,
or at least convert it to a solid or semi-solid,
that makes the contaminants chemically stable,
and not mobile in the fandfill environment.
Chemical weatment therefore offers a number

of options for hazardous waste treatment.

Many types of chemical treatment processes
are used in hazardous waste management such
a5 Neutralization, Precipitation, Coagulation,

Flocculation, Oxidation and Reduction.
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Neutralization of acidic and alkaline waste
streams is an example of chemnical treaiment
to mitigase liquid wastes characterized as
comrosive and hazardous. Wastes that have a
pH less than 2.5 or greater than 12 are
considered characteristically hazardous waste
hased on Hazardous Waste Regulations
(FR 338/199%). Neutralization of a waste that
is an acid or alkali involves the addition of a
neutralizing chemical to change the pH to a
more neutral level in the range of 0 to 8.
Industrial wastewaters frequently require
neutralization prior to any other treatment or

release to a municipal sanitary sewer sysierm.

Alkaline wastewaters may be neutralized with
a strong mineral acid, such as sulfuric acid
(F, SO, or hydrochloric acid (HCL). or with
carbon dioxide CO,. The reaction with mineral
acidls is rapid. Agitator vessels with pH sensars
that control the acid feed rate are used. Flue
gas from a combustion process is often used
as a source of CO, for neutralization. thus
making the neutralization process more

econormical.

Licquid acidic wastes may be neutralized with
lime [Ca (O], caustic soda (NaOT1), or soda
ash (Na,COy). Since lime is less expensive than
other atkalis or soda ash, it is most commonty
used. The time is added to the acidic wastewater
in an agitator vessel with a pH sensor to control

the lime feed rate.

The end products of neutralization are salt
and water. Some salt may precipitate, and will

have to he disposed.
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The usual method for removal of dissolved
heavy metals in liquid wastes is chemical
precipitation. Metals precipitate at selected
pH levels, depending on the metal ion,
resulting in the formation of an insoluble
compound. Generally, most metals precipitate
in alkaline pH conditions. Hence,
neutralization of an acidic waste stream may
cause precipitation of heavy metals and allow
them to be removed as a sludge residue. The
hydroxides of heavy metals are uvsually
insoluble, so lime or caustic is commonly used
to precipitate heavy metals. Metals can also
be precipitated as sulfides. The solubility of
metal hydroxides and sulfides is influenced by
pH, and should be taken into consideration

to optimize metals precipitation.

Precipitation of heavy metals can be enhanced
with the addition of various water-soluble
chemicals and polymers that promote
coagulation and flocculation. These processes
are used to separate suspended solids from
liquids when their normal sedimentation rates
are slow to provide effective clarification.
Coagulation is commonly used for removal
of fine and colloidal solids in liquid wastes.
Coagulation is the additon and rapid mixing
of a coagulant to neutralize charges and collapse
the colloidal particles so they agglomerate and
setdle. Colloidal solids require coagulation 10
achieve an effective size and settling rate, to
enhance settling time in removing suspended

and colloidal solids. Lime, alum and iron salts

are common coagulants.




Chemical Oxidation anud Redictin

The chemical process of oxidation and
reduction is used to convert toxic pollutants
to harmiess or less toxic substances, Onddarion
is a reaction in which valence increases from
a loss of electrons. Reduction is a reaction in
which valence decreases from a gain of
electrons. Chemical reactions that involve
oxidation and reduction are known as redox

reactions.

An example of oxidation-reduction reaction in
hazardous waste treatment is the trearment of
hazardous liquid wastes from the tannery
inclustry. Hexavalent chromium generated from
tanning indusiry is highl toxic and its presence
ina waste requires careful management to avoid
harm to human health and environment.
Hexavalent chromium s first reduced to
trivalent form under low pH (2-2.3) conditions,
followed by increase in pH (approximatet pH
89 by adding lime or caustic 10 be precipitated
as chromium hydroxide. Treatment of cyanide
liquid waste using alkaline chlorination is
another example of chemical oxidation. in
which the toxic cyanide is oxidized to a jess
toxic form as cyanate. and then further oxidized

to carbon dioxide and nitrogen.

Chemical oxidation-reduction is also used
commonly to stabilize chemical sludges o
make the hazardous waste less mobile before
being disposed in a {andfill. Lime, flv ash, or
pazollonic material. like cement are often used

for the chemicai stabilization process.

BIOLOGICAL
TREATMENT

Biological treatment can be used for
contaminated wastewater, landfill leachate.
and contaminated soil, Biological treatment
15 often referred 1o as bioremediation.
Biological treatment may be categorized
according to the oxyvgen utilization, into
aerobic processes and anaerobic processes. In
the aerobic processes. oxvgen is required to
decompose organic marer using aerobic
bacteria. Anaerobic processes. use anaerobic
bacteria. in an oxygen deficent atmosphere.
1o decompose organic matter. Acrohic
Organisms are most commonly used 10 trear
industrial wastewater. Anacrobic syslems are
generally used for the reatment of
concentrited organi: wste or organic studges.
Bioremediation is ofien used for treatment of
soil contaminated with petroleum compounds.
Bicremediation is a relatively low cost
treatment option. However. the treatment is
dependent on type and concentration of
compounds, oxygen axaikabiliy, teperature,
moisture. and other factors. Bioremediation
systems should be designed by professionals
with specialized experience in this ope of
treatment technology.
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THERMAL TREATMENT
(INCINERATION)

Thermal e ten: using incineration offers
a technolog thar resuits in breaking down
complex organic compounds in kazardows
waste anto carbon doxide and water,
Incineranon enables detoxification of
combustible hazardous wustes, which 1153
ConEun [oxc - ompownds thar ane carcmogens,
mutagens. and teratogens. Incinerstion s
reneralh recognized as one of the vommon
treatment e nologes in hazardous wiistes

management
Vet vintaon o0 ot it vaat 1o

Incinenation 1« particularfy desicable when
dealing with Lirge quanooes of highly toxic
organw: hazard s wastes, snce & cun achinve
high destructio s and remonad effhoency «DRE)
of organk wases. and prodiuces an YOI
residue, which 1 non-loxic. Imaneration s 4
suitable option when there 5 3 mixture of
different kinds of hazardous wastes. Another
advanixge of inmerabon & thar sirce QeRA
hazardous wastes often have high calorific
value. the wase provides a fuel source For
incineranon in additon o destroving the
toxcny of the waste. inaneration reduces the
volume of hazindous waste. Reduction in
vulume makes ranagemens of hazadous woree
much meone evor amacal. and reckices the e
required for Landfills Another advantage of
mAneration s 19 reduction of teachabsbn
dﬂrn:mes.:ﬁcvlsmmedmm
landfiling an acceprable method of final
disperal. with sgufcans rechaction in potenitzi
for release of oo anunanes for groundaater

conlaminahion.



Dfsaefreiages of FHCinevaniog

While incineration of hazardous wastes offers
many advantages, it also has some
disadvantages. The initia] capital investment
for an incineration system is generally higher
than that for some of the other treatment
technologies. incineration technology also
requires highly trained operators. Incineration
results in release of particulates, and other

undesirable compounds in air emissions.

Fho Chemisiry of fncineraiie:

Incineration represents a combustion process
applied to the destruction of toxic substances
present in hazardous wastes. Simply stated,
incineration is the controlled high-temperature
oxidation process to produce carbon dioxide

and water, and inert residues.

The chemistry of combustion and the
chemistry of incineration may be considered
interchangeable. Both terms are used to define
a thermal oxidation process. The distinction
between combustion and incineration lies in
the application of the chemistry and its relation
to the desirable effects of resource conversion
versus the destruction of undesirable
substances. For example, in combustion,
typically a valuable material, such as coal or
oil , is oxidized in the presence of a flame to
produce a desirable end product, energy, and
undesirable gas emissions. On the other hand,
in incineration an undesirable waste, such as
hazardous wastes, is thermally destroyed 1o
produce acceptable air emission products, such
as carbon dioxide and water, and a solid ash
residue. Some air poliutants are emitted in

incineration of hazardous waste.

Several factors are necessary Lo be considered

in the design of an incineration system. Any
incinerator design must consider the three
critical parameters, which are often referred
o as the three T°s of incineration rime.
tempetature, and turbulence. Specifically. these
are the temperature at which the furnace is
operated, the time during which ihe
combustible material is subject 1o that
temperature, and the rurbulence required ©
ensure that all the combustible material is
exposed to oxygen O ensure complete
combustion. In addition to the three T's. the
pressure in the oxidation chamber, and the
air supply for oxygen are also parameters for
design. The optimal combination of all these
parameters can significantly affect thermal
destruction and removal efficiency {DRE.
The efficiency of an incinerator is typically
measured in terms of the DRE of the principal
organic hazardous contaminants (POHC).
For example, typical DRE requirements re
99.00% for most hazardous wastes, and
99 9999% for PCB and dioxin wastes. The
design of the incinerator plays a key role in
ensuring adeguate destruction of the hazardous

weaste and should include the following factors:

1- Temperature- Temperature is one of the
most significant factors in ensuring proper
destruction of the hazardous waste in any
thermal destruction process. The
destruction and removal efficiency DRE)
in any incineration operation depends on
the incinerator temperature. Depending
on the type of waste, and design of the
incinerator, and DRE required,
temperature for hazardous wasle
incineration varies generally from 800°C
to 1500°C.

2. Residence Time — The residence time
for any given flow rate, can be determined
by the dimensions of the incinerator,
Optimal combination of residence time
and temperature is necessary 10 ensure
compliance with destruction and removal
efficiency (DRE) requirements of the

regulations.

3. Turbulence - The degree of turbulence
is used in design 10 attain desirable DRE
to destroy the POHC of the hazardous
waste, and lessen the severity of operating
temperature and residence time
requirements. The configuration of the
incinerator affects the ability to create
turhulence, and destroy hazardous waste.
Pumps, blowers, and baffles should be
selected based on the type of waste and
required DRE.

4 Air supply-incineraticn involves the
reaction of combustible components with
air, which nommally provides the oxygen
required for complete combustion.
Products of incomplete combustion (PIC)
are undesitable, and results in air emissions
of compounds such as carbon monoxide,
if optimal combination of residence time,

temperature, Or air is not maintained.




5 Pressure-lt is common practice to design
the hazardous waste incinerator 1o operae
at slightly negative pressure to reduce
fugitive emissions. However. thermal
destruction sysiems operating at a positive

- Maserials of Construction - The mazerials
of construction of an incinerator must
be designed consenvatively to handie a
wide variety of hazardous wastes, and the
high temperature conditions. Materials
of construction can vary from ordinany
steels to allovs. Incinerators are generath
lined with refractory materials to
withstand the high temperature. and
aggressive chemicals.

7- Material Feed System — Material feed
systems is one of the important
parameters to consider in the design of
incinerators, particularly those used for
treating 2 wide vanety of hazardous wases
of different chemical composition. and
physical charactenstics. Experience has
shown that many incinerators with well-
designed optimal process conditions had
problems in operation and performance
due to inadequately designed material
feed systems.

8- Emissions Control Syssem — Indinerators
have undesirable air ernissions that have
to be controlled. Air emissions can be
particulate manter. oxides of nitrogen,
and sulfur. acidic vapors. carbon dioxide.
metals, and other products of ncompiete
combustion. The design of the incinerator
must consider treatment and control of
the emissions. Bag filters. electrostatic
precipitators, drv and wet scrubbers. and
carbon adsorption systemns, are common
devices used for control of air emissions.

Ivpes of ncineratios Sysfents

A number of different tvpes of incineration
systems are available which successfully treats
hazardous waste. Some are better suited for
liquid wastes. while others can handle solid
and liquid wastes. The two most common
tvpes of incinerators systemns, hased on liquad
feed and the solid feed npes are as follons:

* Liquid Feed Incinerator

* Rotary kiln Incinerator
Liguid Feod Incinerator

A large number of hazardous waste
incinerators used today are of this npe. The
waste s bumed directy in a bumer or ingected
into a flarme zone or combustion zone of the
incinerator chamber through atomizing
nozzles. Liquid injection-tvpe incinerators ane
usually refractony-lined chambers. generally
ovlindrical in cross-section. and equipped with
4 primary bumer (waste and or auxilian: fuel
fired). Often seconda rv combustors are
required where low heating value waste biquads
are 10 be incinerated. Liquid incinerators
operate generaih at temperatures from 1000°C
to 1500°C. Residence time in the incinerator
may vary from milliseconds 10 as much as 2.5
:iecm\ds.ﬂlcmemodofmrzujondﬂwliquﬂ
waste is one of the aritical factors in the design
ard performance of these incinerarors. Organic
liquids pass through three phases before
oxidation tzkes place. The liquid droplets are
heated. vaporized, and supetheated 1o gnmon
temperature. Proper mixing of air with the
atomized droplet is very important for
complete oxidauon. Inorganic pamcles camed
in the liquid waste stream v becornke mokien
and agglomerate into moken ash. The ash can
be landfilled.

Ketar Ro'n incimerators

The rotany Siln s often used in hazardous
naste ncink rabon because of s versatility in
processing sbd, and bigquad. and contamerized
wastes The kiln «» refractony-fined. The shelt
s mounted az a sight owline eahour 3 degrees)
from the horizonial plane 1o facilitate mixing
the waste muterals A comvevor SNem or a
ram usually f2eds the solbd and containerzed
wiastes Hazzrdous bquad wastes are inrected
through a n¢ zzle « st Noncombustible meel
anxd other reschues. are discharped as ash at the
end of the k In.

Rotarv kiln incinerators are cybindrical,
refractony-hne d steet shells supported by o
or more stee trundles that ride on rollers.
alloning the «in 1o rotate on its horzongl
axis. The refractory hining s resistant to
COmosaon frow: the: acxd gases gemerated durmng
the inaneranon process. Rotational speeds
range from 0323 oy sex. The kilrs generally
range from o 13 14 feet in diometer and 25 o
100 fevt in Jergth. The burners for the kilns
ringe from 10 mullion Boush Thermat Enits
‘BTU per hour to 150 madhon BTU per hocr

The advantage of the rotan kiln mctude the
abilin 10 handle a varieny of wastes, high
OpeTAlng lemgs Tature. and contrxes uNng
of incoming wastes The chsadhantages are
high capfial and operating costs ard the need
for traned pers nnel Mamferance costs can
also be high hecause of the ibrasive
charictenstics of the waste and exposure of
moving parts to high incineration
temperatures. Beh tanonan: and mobde tvpe
Kiln maineratons are availabie Figrere 1 shows
a nvpical rotany kiln incanerator



Cement kiln incinerator, which is a rotary
kiln, is an option, which can be used 1o
incinerate most hazardous wastes. Rotary kilns
used in cement industry are much larger in
diameter and longer in length than the
previously discussed hazardous waste rotary
kiln incinerator. The manufacture of cement
from limestone requires high kiln temperatures
(1400°C) and long residence times, creating an
excellent opportunity for hazardous waste
destruction. Further, the lime can neutralize
the hydrogen chloride generated from
chilorinated hazardous wastes without adversely
affecting the properties of the cement. Liquid
hazardous wastes with high heat contents are
a supplemental fuel for cement kilns and
promote the concept of recycling and recovery.
As much as 40 percent of the fuel requirement
of a well-operated cement kiln can be supplied
by hazardous wastes such as solvents, paint
thinners, and dry cleaning fluids. However, if
hazardous waste is burned in a cement kiln,
attention has to be given to determine the
compounds that may be released as air
emissions because of the combustion of the
hazardous waste. The savings in fuel cost due
to use of hazardous waste as a fuel, may offset
the cost of additional air emission control
systems required in a cement kiln. Therefore
with proper emission control systems, cement
kilns may be an economical option for

incineration of hazardous waste.

SECURED LANDFILL
DISPOSAL FACILITIES

{ndustries in Egypt most commonly send their
hazardous wastes off-site for landfill disposad,
since this is the only alternative available.
These landfills are essentially dumpsites usied
for non-hazardous waste disposal, aned do not
have any waste treatment facilities, or the linet
system necessary for hazardous waste landfills.
The practice of disposing hazardous waste in
non-hazardous waste Jandfills and without
prior treatment poses 4 serious threat t the
environment, because the leachate containing
high concentration of hazardous anc! toxic
compounds easily migrate underncath the
landfill and contaminate the subsurface s0il

and groundwater.

& secured landfill can be defined as an
engineered facility for land disposal of
hazardous wastes. A secured landfil} facility
is often a treatment, storage, and disposal
facility (TSDE. It should bet carefully planned
and constructed to ensure efficient. long-term
operation without adverse environmental
impacts. Optimal use of the landfill capacity
is necessary to ensure the long-term operations
of the TSDF. Treatment of the waste prior (o
landfilling minimizes the potential for leachate
migration, and reduces he volume of waste

for disposal.

Control Unit

Development of a new hazardous waste landfill
project entails several phases over lifetime of
the landfill as follows:

« Site selection phase

« Designing phase

« Construction phase

e Operation and management phase

Closure phase

e Post closure monitoring phase
Site Soelection

Selecting a hazardous waste landfill site requires
consideration of 2 number of factors as follows:
« Groundwater

» Flood plains

. Surfacé water

o Air quality

« Operational safety

» Endangered species

+ Climate

The geological structure below the landfill is
important in establishing the design
parameters, Critical design parameters include
the depth to groundwatet, characteristics of
subsurface soils, and groundwater
transmissibility. Groundwater aquifers
underlying the landfilk site must be located.
Hazardous waste landfills must also be located
outside historic floodplains. In order to address

surface water impact issues, the landfill should

3
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Water poiluted with ash

Figure (1): a typical rotary kiln incinerator.



consider adjoining surface water hodies on o
which drainage of runoff mav oceur from the
landfill. The air quality in the vicinity of a
hazardous waste landfill must be monitored
and controlled to ensure compliance with
applicable standards for emission of toxic
compounds. Endangered species must be
considered in the siting process. Other
considerations in landfill site sefection indude
climate. the topography and hvdrogeology of
the area. Soil is an important determinant in
the choice of an appropriate hazardous waste
lardfili site. Rocky soil must be avoided.
wherever possible for excavation problems
and due 1o high permeability. Soil permeability
at the site is generally the major factor affecting
the rate of contaminant transpon through the
soil. An ideal native soil underying. and in
the vicinitv of the landfill should have a

maximum permmneabilitv of 1 x 107 cm sec.

Other factors to consider in locating a fandfitl
include distance from the points of waste
generation. availability of space for current
and protecred waste quantities. infrastructure
in the area 1o transport the waste. and wind
direction refative 1o population and ecological

receplors.

Designing a Tandfill

A propety designed and constructed Landfil)
should incorparate proven technology 1o
guard agind the rekease of contaminants into
air. ;urface nater. and groundwatter. reducing
environmental concerns over Hs entire
operatng and pot - chosure life Proper andfill
design is most effective when it is considensd
an integral pan of the site selection provess
In designing the landfill, the following key

design parameters should be considered:

* Tyvpe and volume of hazardous waste

* Topography and soil chasacteristics of the
site and vicinity

* Climatic conditions

= surface water bodies in the area

* Groundwater charactenstics

* Selection of liner system for the Landfill

e Quantity and charicteristics of the keachare

¢ Selection of teachate collection and
reatment systems

* Closure and post-closure plans

Some of the kev components of a Landfill are

as follows:

fimer Mistern

A landfill for hazardous wastes mast aciude
A lner aned J amage svstem that s cherticalh
LN 160 the s of weastes amd the Jeachie
produced The pummree of the liner s
provide an wipermeable bumrer Liver under
the waste W onevent feschuie rugrating nto
the groundw ster below the il A wide
vanety of maerak are avakible for liners in
hazardous wistes Landfill construction.
svnthetie flexible membrane hnees are
gerrenaliv cor sukeread o offer the best loag-
term contamunent of keachate The chemical
and physical properies of these bners sbrikd
he werghed cunefully 10 emsure hoh ong life
and costeffestveness of the iner svstem
Commeoen mutenals wsed for synthete liners
include high Jenan polvethviene tHDPE,
pohoktins. ar Jd polv vinvd chlonde. Selectnn
of the approf nate biner suaterd w4 critical
design paraneter thae affevss fong-term
performunce of the Ll Deperabing on the
appheation. et thackness generally vanes
from 1 1o 1w muls Fig ¢ 2r shemas 2 Lindill

with a liner s stem

Figure (2): Landfill with a liner system.



Depending on the site-specific conditions, a
single or double liner system may be used in
the fandfill. Tt is recommended that a double
liner system be used in hazardous waste landfills
to protect the groundwater. In case where the
groundwater is quite deep, and the soil below
the landfii is a thick layer of low permeahility
clay material, a single liner system may be an
option. In either a single or double liner system,
it is important to have a compacted clay liner
(at least one meter thick) at the bottom of the
landfill. This clay liner should have a
permeability not exceeding 1 x 107 cm/sec. If
the natural underlying clay in a landfill is a
deep layer, and has a similar low permeability,
additional clay liner, although still preferable,

but may not be essential,

Leachate Collection Systent

A leachate collection and removal system must
be installed above and below the liner. A riser
pipe extending from the sump in the leachate
coilection system to the ground surface
facilitates removal of leachate, This pipe allows
the leachate to be pumped to the surface for
subsequent treatment and disposal. The leachate
collection system must remain operational
during the entire post-closure period. The
material of construction for the leachate
collection and monitoring system must have
high chemical resistance to the anticipated

constituents in the leachate.

Cover Sysiem

A significant source of leachate generation at
hazardous waste landfills is the infiltration of
water through the top of the landfill from
rainfall precipitation. Some of this precipitation
flows off the landfill as runoff, carrving
contaminants. In order to minimize: leachate

generation and runoff contamination,

hazardous waste landfills must have a cover

systern.  The final cover for the landfill s
intended to minimize infiltration of surface
water, prevent runoff contamination. prevent
erosion of the soil, and generally maintain the
integrity of the hazardous waste landfil long
term over the post closure period, which may

be 30 years.

Viesiae Mabidiny

Landfills must be stable during construction,
operations, anel for many years after closure.
Landfill failure due to inadequate slope stability
sometimes occurs, and can be a major problem.
Special attention by an expe rienced
geatechnical engineer to address slope stality
of the landfill is essential during the design of
the landfill.

THO 1 ConsirHctionm

Construction of a landfilt involves several
steps, which must be followed with close
supervision, quality control, and attention 1o
details. Steps for landfill construction are a3

follows:

o The natural soil is excavated o the planned
depth and the excavated material is often
used for constructing the lateral
embankment for the portion of the

landfill above ground.

e At the bottom of the landfill an
impermeable compacted clay layer, is
placed. The layer should be minimum 1
m thick. The permeability of this layer

should nor exceed 1 x 10 7 cm/sec.

e A layer of non-woven fabric geo-lextile)
is placect above the clay. The purpose of

the geo-textile is to smooth out the

unevenness of the clay layer, and protect the
geomembrane synthetic liner against any
damages due to sharp stone edges that

may puncture the liner.

» A geomembrane liner is laid on the top of
the geotextile layer. Since the liner is one
of the eritical componenis of the landfill
construction, particular attention must
be paid to liner installation. One of the
key aspects of laying the liner is the
tocation and seaming of the joints. The
liner should be overlapped at the joints
such that the leachate would drain away
from the joint. Special care should be
taken to use manufacturer’s recommended
techniques for seaming the joints, and

testing for integrity.

« On the top of the liner layer, a layer of
sand is laid to form the drainage layer. In
the sand, a system of perforated drainage
pipes is installed for collecting the leachate.
The hydraulic conductivity of the
drainage layer should generaliy be
1 x 102 cnv/sec or more. The minimum
thickniess of the drainage layer shouid be
30 cm Slope of the drainage layer should

be a minimum of 2%.

« On top of the drainage layer, a filter layer
is recommended with minimum thickness
of 20 cm. The filter layer can be made of
gravel or crushed rock. The waste is placed

on top of this layer.

» When the landfill is filled and covered, a
cover system is installed. The cover
system is composed of a geomembrane
layer over the soil cover on the waste,
with a drainage layer above it, and finally

a vegetative layer of 1opsail.
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