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TREATMENT AND SAFE DISP()SAL
OF HAZARDOUS WASTE

INTRODUcnON

Hazardous ""35{e Ireltment and safe disposal
is a key element of hazardous waste

management It is necess:lJY fOl" prolection of
human health and the emironmeflL H<m"en,..

in the management of hazardous v.-aste. it is

important 10 consider another aspect. which

is pollution pre\"ention and waste

minimization of hazardous waste. \l1tile. in

many cases it may J1O( be possible to an>fd or

eliminate generation of hazardous " ....e from
SOI"Oe induslriaJ processes. it is recommended
that hazardous waste minimization
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Finall)'. iJ is '}'~r lI.W thaI thisp"hJk.--ativll bas u.se'fi.tl cl{f'ik-ant:"l.S mul j(>Ftt'S as a Ilj'tn>r:I,.-t;> 10
parties il1l.ooRi ingt"lle'fuing. storing. tra,1!{XItU'R- muting c~lSi.I~mJd'l\.Jl-Ji',,~:lh;-omAcc;
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opporrunities should be ",-aIuated at induslriaJ
facilities before implememing a waste

treaUnem system. U1lelher on-site or off-site

trealment is considered v."aste rninirnizalion TllEATMENT
TECHNOLOGIES

PHYSICU TllEATMENT

generating hazardous waste.

Depending on the situation. hazardous " ....e
treatrnenr is either done at the industrial

facility. where the " ....e is generated. 01" at an
off-site commercially operated treatment.

storage. and disposal facility ITSOF1. In most

cases. a rypical integrated TSDf consists of

different unilS. and a secured landful.

\ ,

TI1e're are many treatment rechnoJogie:5 for

hazardous wastes a\-ailable depending on

several factors such as physil.'4.l form of me
waste (solid liquid. or gas). quantity of \\'a.qe_

dutactaistics. canbined or~ed '"'3....qes.

degree- of trearment reqUired. and uhimUe

disposal method. The tre-.tment technologies
can be cat~orized inlo physiol. \:hemlcal.
biologicaL and thermal (reatment

Combtnations of trealITlenl lechnologies are

often u-<ied to de\'ekJp the rna.t <..-ost-effa.'li\"t."_

em'ironmentally accepI;lble solutions for

hazardous waste treatment_

Physl<'-.l1 pro.:t." ,,~$ ior h.u.Jrdou'S \\'.lS-tt."

In:'''.l~i ll"Kjud~ '-reern.n~_ ~t.Jrx..lI1

.lnd Cl.Jnfic.alior . Cenlnfu~ht>n:. fk1(;.1!lof1.

Flhr.luon. 5-or;lttlon_ £'·.lp..-'}r~HtOn .lnd

Oi:,IiII.1(lon. :\If or :'ole.am :'!nppmg. .JnJ

~Iefnhrane.ha.<edpn:><=.""". n.."., pmc",,"""
are mo."lh·.lpphel 1:0 bquJd~"'d....;.r:~

.lnd inw-l,'e the '-1Ur:Jtion of.~Of

coUo.dJl "'hill f:OI"O ,he hqUld ptu", The
"'kalon of the t,dmok",,· dep<nd< mamly
on rhe l,."OrKeJ11r.a }on .and 1,.-h.J.rJi..:ten..-q:KS ('Ii

the susJX"nJe-J '(·bi.. X!.lll\'t." W ~hc.~ It-quKf

phase. Ph~'SIC".tI pn-..-es...~ ~tt." Ule ~:l.'il:e

from one iarm (0 a:lCdJer. rab..-t.'S the \uh.ame-.



and concentrates the solids to facilitate further

treatment, but do not detoxify the waste.

Whenever a waste containing liquids and solids

must be treated, physical separation of the

solids from the liquid should be considered

ftrst because it is generally cost-effective to

treat a low volume, high concentration waste.

Usually physical treatmen t 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 treatment is commonly used before

sending a haz.an:kJus ",dSl:e to an off-site landfill

for disposal. Also, since liquid hazardous

wastes should not be disposed in a landfill

without prior treaunent, 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 landftll environment.

Chemical treatment therefore offers a number

of options for hazardous waste treatment.

£ liLl••

Neutralization of acidic and alkaline \\':1ste

streams is an example of chemicaltrealment

to mitigate liquid wastes characterized :1.'>

corrosive and hazardous. Wastes that hav(' a

pH less than 2.5 or greater than 12 are

considered characteristically hazardous waste

based on Hazardous Waste Regulations

(ER 338/1995). Neutralization of a waste that

is an acid or alkali involves the addition of a

neutralizing chemical to change the pll to a

more neutral level in the range of 6 to 8.

Industrial wastewaters frequently require

neutralization prior to any other treatment or

release to a mUnicipal sanital)' sewer system.

Alkaline wa<.;tewaters may be neutralized with

a strong mineral acid, such a<; sulfuric acid

Cf'{2 S04) or hydrochloric acid (HeL). or \-vith

carbon dioxide CO2, The reaction widl mineral

acid<; is rapid. Agitator vessels widl pH sensors

that control the acid feed rate are used. Flue

gas from a combustion process is ()ften used

as a source of CO 2 for neutralization. thus

making the neutralization process more

economical.

LiqUid acidic wastes may be neutralized with

lime rCa (OH)21, caustic scx:1a (NaOI I), or soda

ash (Na2COY. Since lime is less expensive dIan

other alkalis or soda ash, it is most commonly

used. The lime is added to the addie \\a<;tewater

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 \\ill

have to be disposed.

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 usually

insoluble, so lime or caustic is commonly u..<>ed

to precipitate heavy metals. Metals can also

be precipitated as sulfide<;. 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 pr<xesses

are used to separate suspended solids from

liquids when their nonnal 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 addition and rapid mixing

of a coagulant to neutralize charges and collapse

the collOidal particles so they agglomerate and

settle. Colloidal solids require coagulation to

achieve an effective size and settling rate, to

enhance settling time in removing suspended

and colloidal solids. Lime, alum and iron salt<;

are common coagulants.

Many types of chemical treatment processes

are used in hazardous waste management such

as Neutralization, PreCipitation, Coagulation,

Flocculation, Oxidation and Reduction.

--':x-=~
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(IIt'mica! OXithllio/l (llid Retlttcl;ull BIOLOGICAL
TREATMENT

THERMAL 1'REATMENT
(ISCINERATION)

((mt~mlruuon

11lemu1 m::;. UTk'111 u...ing trk.1.OtTJ.Ck.)fl offers

a t(.",:hnoI~- th.Jl rt.':'Ulrs in h~..lkmg down

t.:omplex of}~mk: (OfllJ-XXU'ki... in tuUn.k"){LS

W;Isle 1010 cHOon d:oxli..i<.' J.od wJ.[<.'r

In<"'iner31101l en3hle:" detoxifil.'.:Hion of
comhu~ihJe t'ULirdou.... t\-ast<.'S. WhKh nuy

(UltlUllo~-.'txnp:1lJIlI±;.lhn.ln:' (:m."lJl(~,
mu13/Zen..... 311d [erJ.I~en5_ Inl.'im,·r..ltion IS

~T.lUy rt'\.'1~ .is '---"'lOe' of c~ (l::Xllmtlfl

In'-.nmenl le\,:1~ U1 hJ.Z.lnk.lll" W:J..qeo;

mana~ernent

InClneralioll I~ p;.mil..'l.darh- ~ir.lNt:' when

deahn~ \\irh II~ qwn~ oi tti~- [oxil.:
~ hJ.7..Jrd:us. \\:L...e-....:<omI..-e- it (:in .J(hk-\-e

hi¢l dt.~b.)lmd ll:'Tnf"'~.lIdf)..'ierlt."'·! ORf)

(->f~ \\:L'es. .and pn-...tres.ln Ull~
re5oldlJ(.·. \\hk.--h L'" IlOfl--IOxK_ !r~::lfIer..l~)fl L." .1

"'uit.ahle option wht.'Tl there I.... ..l ffiL~tuft>- ()f

difft.Tt.'TI'i k..md<;. Jf luz.trdJU'" \\'.l..'tt.':S-. .\.rk1tht.'f
;I<h'JJ1U~ 0; in_'UlC:T.JbOO t" duE ~l." O()tMlk:

tuZ3rdtXL.";' W~Ie'$ otten tun.' high 1,::J.klrifil.:

\"JJue_ the \\:L'i.le pm"l<b 3 iue! ,~Irn,~ for
in(:inerJtion III .JddilKm [0 de::;.tn)~mg: ctk­
tOXk.ity of the t\;l....e. lrk.i:ner.lbl"lfl n:du...-e;; m.:
\ulumt.' of h.lz udou.. WJ.:~ft.· Redu\.'tkm in

nJlun'k'~rr~'mef1:ci~-u;W:.r;k'

nn.il men' nuOOllL--:.tl.md n.u.:-t"S d'k" "-'f'Ll:'
R"'CIuiR"t1 (or ltn.:blll:-. :\nclfher ..l..:h:lm.l~ of

jrxitk'TalJOfl LS 1')(> rt"dlk.'tJOn of k.lduhthty
of the \\:l..q~.lI1C":' II: ro~ thus-~

IJndflllm1Z .tn .1;':(t."pI.Jhle trk.'1:hod of fmJt

~ ","" ""_':lJlf ted"e""fl In po...<'f1U.1l
fOf I'l"k-.l.~ of (u1Llt!l1JlJ1lL... It.lr g:RlUI1:\.m:.tc<."'('

rv" ,.- (
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Biological tre.:Hment can he used for

con13nUnaIeU wastewater, bndfl1lle-.ldute.

and con13miru.tt.~soil. Biological tre-.ltm<.~t

is often referred to :.15 hioremedia.tion

Biological treatment m~IY he cnegorized

according to the oxygen utiliz~nion, into

aerobic pnx="" ;rnd Mlaerobic pnx""""'. In
the aerobic prot.'es..~. oxygen b; required to

decompose organit' matter using aemhil..'

ooderia_ Amt'Tt1Oic prrx:e't.x"s.. use all3CTObic

baaeria, in ;lfl oxy~ defKicrll atrrlOSphc.'11:',

to decompose organk mailer. Aerohic

organisms a.re most commonly u.'<'lI IO tn.":J[

industrial W:l.~ew~uer_ :\naernok' S~"SIcrn<; an..­

generally lIsed for the lreatmeOl of

COIll.-enlr.noo organic w:t."'Ie or org;trtic:J~

Bioremediation is often u.'<'lI for tn.":Jtmt.'111 of

5Oi.I l..'onuminated \\ith peuuletml COlllp:M..1Illi';.

Bioremediation i~ J re!alh-dy low (0<'(

Ift';Jtment option_ HoweYer. the tn.-aUnem i.....

dependent on type and (oncenlration of

<..umpounds.. oxrgen a\:lilahility, temper.nun:'.

moL"inlrt', ;Ind OIher fa<..-,ors_ Biof\.~"liU.tion

sySlem."i stK>u1d he dt.':Si~ hy prufes....ioru.l...
with spe<..i;Ilized experien(e in lhl:'> type of
Lre;]lment technology.

An example of oxidation--reducticM1 reaction in

hazardous \\aste lreatment is the treatmeJ\[ of

hazardous liquid wastes from the tannery
induslry. Hexa\'alenr chromium gener.1[ed from
lallning industry is highh' [oxic and its pre;enre

in a \\aste requires careful marlagt"flleflf to 3\tid

harm to human health and em"ironment.

HeX3\"alent chromium is first reduced to

trivalent form under low pH (2-25) COflditiono;.

followed by increase in pH [approximately pH

~9) by adding lime 0< caustic [0 be preapitlled

as chromium hydroxide TrealJnent ofC\anide
liquid waste using alkaline chlorin.;uion i.s

another example of chemical oxidation. in

which the toxic cyanide i<; oxidized (0 a less

[oxic form a<; cyanate. and £hen further oxidized

[Q cartxm dioxide and nitrogen_

reactions.

The chemical process of oxidation and
reduction is used to com"ert toxic poUUlant.·,.

(0 hannless or less to.xic suhstances. Oxidation

is a reaction in which \-alence increa..-.es from

a loss of electrons. Reduction is a reaction in

which ,"alenee decreases from a gain of
electrons. Chemical reactions th.at iO'"oh"e

oxidation and redUI..l.ion are kno\\n a.'i redox

Chemical oxidation-reduaion is also used

commonly to slabilize chemical 51 udges to

make !he hazaIdous ".,.e less mobile befoce
being disposed in a landfill. 1.in1e. fly ash. or

pozoIlonic ma[eriat like cement are often used
for the chemical stabilization process.
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While incineration of hazardous wastes offers

many advantages, it also has some

disadvantages. The initial 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.

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 carlxm 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

bernreen 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 to

produce acceptable air emission products, such

as carbon dioxide and water, and a solid ash

residue. Some air pollutants are emitted in

incineration of hazardous waste.

Several factors are necessary to be considered

in the design of an incineration system. An y

incinerator design must consider the three

critical parameters, which are often referred

to as the three T's of incineration time.

temperature, and tutbulence. SpecifiCIHy. these

are the temperature at which the furnace is

operated, the time during which lhe

combustible material is subject to that

temperature, and the turbulence required to

ensure that all the combustible material is

exposed to oxygen to 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 tenns of the DRE of the principal

organic hazardous contaminants (POHC).

For example, typical DRE requirements are

99.99% for most hazardous wastes. and

99.9999% for PCB and dioxin ·~...astes. The

design of the incinerator plays a key role in

ensuring adequate destruction of the ha:t-,trllous

VIa.'iIe and should include the follo~ring bcrors:

1- Tem.perature- Temperature is one of the

most significant factors in ensuring proper

destruction of the hazardous v.'aste 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 waste

incineration varies generally from 800°C

to 1500'C.

2- Residence Time - The residence time

for any given flow rate, can be detennined

by the dimensions of the inci!-1erator.

Optimal combination of residence time

and temperature is necessary to ensure

compliance with destruction and removal

efficiency (DRE) requirements of the

regulations.

3- Turbulence - The degree of turbulence

is used in design to 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

rurlmlence, and destroy hazardous waste.

Pumps, blowers, and baffles should be

selected based on the type of waste and

reqUired DRE.

4- Air supply-Incineration involves the

reaction of combustible corn{X)nent'> with

air, which nonnally provides the oxygen

required for complete combustion.

Products of incomplete combustion (PIC)

are undesirable, and results in air emissions

of compounds such as carlxm monoxide,

if optimal combination of residence time,

temperature, or air is not maintained.
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S- Pressure-It is common practice to design

the hazardous l\dSle irlcirler.lttx to oper.ue
at slightly negath"e pressure (Q reduce

fugith"e emissions. Howe\"er. thermal

destruction ~"Stemsoper.1ting at a JXlSiti'-e
pressure, require; non-Ieaking enclosures.

of construction of an ineiner-nor muse

be designed consen"ati\"elr (0 handle a

wide \'ariay ofhazardous 'YodStes. and the

high temper-nuft' conditions. .\faterials

of conslrUetion can \'3I}" from ordinary

steels to alloys Incinerators are generally

lined with refractory materials to
withstand the high temperature. and

aggressh"e chemicals.

7~ MaJeriaI Feed System - ~laterial feed

systems is one of the important

parameters to consider in the design of

incinerators. p3Jticularly those used for

rreating a \"\ide \"ariety d hazardous Vo'aSleS

of differem chemical romJXlSition. and

physical char.J.oeristics_ Experience has

sho\\n thai many inaner-UOI'S Voith weU­

designed optimal f'lOC"S' conditions had

problems in operation and pertormance

due to inadequately designed material

feed systems.

8- En .......CoottoI Sy5Iem -Inciner.llors

have undesirdble air emissions that ha'"e

to be controlled. Air emissions can be

panirulate maner. oxides of nitrogen.
and sulfur, acidic \-apOlS. =bon dioxide.

rne<a1s. and other products of incornple<e
clJllJbu5tion, The design of the incinerator

must consider lreatment and control of

the emissions. Bag mters, elearostatic

precipitators. dr,' and w·.... scrubbers. and

cubon adsolption systems. are corrunon

devices used for control of air emissions,

A number of differem typt."'S. of indner.ition

~"ste1Tl'>are a\-ai1abk ~hk.il stKl..""es.."ifUUy treat..

hazardous waste. Some are better suited for
liquid waSles. while OO'lt;TI ('3n tundle solid

and liquid wasles. The two most common

~pes of inciner:lfors ~~"stem... oo.~ on liquid
feed and me solid feed ~-pes are as follou-s

• uquid Feed Im.~iner.itor

• Rou~' kiln Inciner.itor

.-\ large number of hazardous W;Isle

irKiner.HDrS used today:JJ't" of lhi.... ~"PC'. The
~-aste is burned directly in ;l humer Of injected

into a flame zone or comhu.<i:lion zone of the

incinerator chamber through atomizing

nozzles. Uquid in;eaion-~~ U)(.:ineral0r5 are

usually refra<..lory-lined dumbers. generally

qi1ndrical in cros......S('t.."tion and equipped "lIh

a prirn;a:1)' burner I u-a.<;Ie and or aLLxiliar)' fuel
fired). Often se<..'ondary combustors aTe

requUed wflc= low he.mng \:iJUe w-aste b<Juid'
are to be incinerated. liquid inciner.ilors.
operate generally al temperatures fmm lOOrc

lO 1';()()'c. Residence time In the intiner.lIor
may \"ary from rnillisel.--ond.'i to ...... much a... 2';

>e<:onds, The method of inif'.'tion of the loquiU
waste is one of me crtticaI fatl~ in the design

and pertormmce of these inciner.uors. 0rgJnic

liquids pass through Ihree pha.ses before
oltidation ukes phre. The liquid <Iroplets are

helted \-..porized and superl><-.1Ied to tgruliOn

temper.Hufe. Proper mi..'\:ing of air wilh the
alOmized droplet is \'ery imponant for

complete o.'<i<btion, Inorp,mic paltJdes \-arried

in the liquid \\-a.<ile stream ma~' mun'k." molten

and aggkJmer.u:e inlo mohen a..Jt. 1be ash (:In

be land/Wed.

The coury "dn L" otten u..~ in tuZ;lrdous

wa,"'Ie iJ'lcUlt n(JOn lleGtuse 1.1t· its n.'fSJ~' in

P"""'-""!' ~M and bqwd.and,~

wa.."'Ie:s. 1be kiln 15- tl."tl:k.lor~·-tined. 1be ,shdl
l<;' mounIed J;:.J~ IOdine 1;;d1cU[':;~)

from !he- hOl1zonul pllne 10 l:J...iliUle mLW1g

the wa,"Ie ffilleri.tl..;. .\ (.."on\·~ur~)~C'1Tlor J.

,-am ,,-,...illy feed> the ,;oM and roruainen2ed

wa."It"S H.1J'.... rdou... liquid W.l...qes. are IIlflC'\.1:00

Lhrou¢l .1 nc::: zzk (~l, ~,-""lO(t.lf'nhu.......lbk l'Tk'U1

and 00>er~ "'" dl;(hatged ..' ..-;It at the
end of the k In

ROlary kiln In("inef3lors 3ft.'" ,-"yllndrkJ.L

rdr.i(.lory-hnt-.d ~ed shdb :5UpportrtJ~·tun

or more -s:ree trundles. dWI n...k on roUers,

alJoulnJj! the ,LIn (0 rot..Jle on its ht."lrizonul

axi:" The relr.1t:.1ory Iming IS rt"Slst;,1n£ [0

\U1O>IOO fTur the ..od~ ger>er.Iled dmng

the lnnller.mnn proces.:s RoutiorUI~

~ from r) '-2.':; an:sex 11k klIns gent.T.1U..,.
r~ fl'Ofll () I ) J~ feel Ul dUmt1:er .md .?' to

I00 feel in Ieq,m The hurners for the kilns

nn~ from 10 nullk--.n Briu.~ TIlcmu.I t'nit..,

'811', per hou"o 120 tnJllion 811' per hoar

The adnma!l'" of the """,,' kdn II1dude the
.1hihry to tufkUe .l \-.1~' of ~d.Stes. hIgh

opemmg tempo-mure. and <U1IJOUOl<' """'"II
of incoming u- .Nt'"i' The dt."i;,Jd\.:mu~ .He

high ,-apiUI "'" oper.wng (OSlS and the ""'"
for U:lU'lt"d ptTS lIlnt"i, 'Lunrt'1lJJ"k..'e a:~s ,,--..n
abo he hl~h ~-(.1use of ~he 3br.lsi\·e

..-mr.l("ler1..<;tkCS (,i the ~"";1."'Ie ;md expo.;un:- of

mO\'in~ pJrh 10 high mdner.;Hion

I<Tr1f"TaIUre> B<ch ;uoorn.", and ....1Ooie 1\""
kiln Ult"lOeT.Jlor...JA" ,J.\"J.IbhIe, F~ I shcM-s

a ~'P1<":tl rou~' kiln Ul\.---mt'T".UOf
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Cement kiln incinerator, which is a rotary

kiln, is an option, which can be used to

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

rrom limestone requires high kiln tempemtures

C1400°C) and long residence times, creating an

excellent opportunity for hazardous waste

destruction. Further, the lime can neutralize

the hydrogen chloride generated from

chlorinated ha2Md.ous 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

dlinners, and dry cleaning fluid.,. 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 FACllJTIES

Industries in Egypt most commonly send tht'ir

hazardous wastes off-site for landfill dispos:l.l,

since this is the only alternative avail:1hk.

These landfills are essentially dumpsite~ uSI~d

for non-hazardous waste disposal, and do not

have any waste treatment facilities, or the liner

~ystem necess<uy for hazardous waste landljlb.

The practice of disposing hazardous waste in

non-hazardous waste landfills and \vithout

prior treatment poses a serious threat to r.he

environment, because the leachate cont:lining

high concentration of hazardous and toxic

compounds easily migrate underneath the

landfill and contaminate the suhsurElce ,>oil

and groundwater.

A secured landfill can be defined as an

engineered facility for land disposal of

hazardous wastes. A secured landfill facility

is often a treatment, storage, and disposal

facility (TSDF). It should bet carefully plaru1ed

and constructed to ensure efficient. long-term

operation 'without adverse environmcntal

impacts. Optimal use of the landfill capacity

is necessary to en.<;ure the long-term operations

of the TSDF. Treatment of the waste prior to

landfilling minimizes the potential tC1f leachate

migration, and reduces he volume of waste

for disposal.

Development ofa new hazardou<; waste lanclfiU

project entails severd.l phases over lifetime of

the landfill as follows:

• Site selection phase

• Designing phase

• Construction phase

• Operation and management phase

• Closure phase

• Post closure monitoring phase

Selecting a hazardous waste landfill site requires

consideration of a number of factors as follows:

• Groundwater

• Flood plains

• Surface water

• 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 groundwater, characteristics of

subsurface soils, and groundwater

transmissibility. Groundwater aquifers

underlying the landfill site must be located.

Hawrdous wa.<;te landfills must also be located

out'iide historic floodplains. In order to address

surface water impact L<;sues, the landfill should

Figure (1): a typical rotary kiln incinerator.



consKier adjoining swface water txxlies on ro

which dr.linage of runoff may (XX-l.U from the

landfill. The air quality in the \'icinity of 3

hazardous waste landfill must he monitored

and controlled to ensure compliance with

applicable standard" for emission of toxic

compounds. Endangered species must he

considered in the siring process. Other

considerations in landfill site selection include

c1imale. the 10J>O!<r.lph\" and h\"drogeology of

tht· area. Soil is an imJXll13nl det:etTrlinmt in

the choice of an appropriate hazardous wa..~e

landfill site. Rocky soil must be a\·oided.

wherC\'er JXls.sihle for eXClvarion problems

and due (0 high permeability Soil pe!TI1e".ti:Jilm'

at the site is gener.illy the major boor alfnling

the rate of comaminant tr.msport through the

soil. An ideal nalive soil underlying. and in

the \'icinity of the landfill should have a

maximum penneabiliry of 1 x 10-- '-"'TIl sec

Other baors to con'iider in locating a landfill

include distance from the JXlints of waste

generation. a\'ailabiliry of sp;lce for current

and pmreaed "'3ste quantilies. infra.:;;tnJaure

in the area to rran.<;;pol1 the waste. and wind

d.ire\.."tion relam'e to population and ecoIogiC".J.1

rect'ptors.

:\ propcrty c.bigned ~md (l.lfl.".tn.h.lt."'I..! bndt111

should incorpor.lIe proven [echn()lil~," to

,gtU.rd 3g;lln"il the,> rt'1~..l."e of ...·oOLlmif"Llflt" inlo

3.ir. surb(\> W3(t.'1", 3nJ grounc::m-..lk'T. n:.,hk.in~

en\'ironmemal concerns (wt.'r i(o;. C'mire

Opt.-TJ.ting ilfld [XlSI - l,:kN..1J't' lift." Pn~1' Undfill

desiEUl i."i mo:"iI dft'\.lj\"(:, wht."'fI il i.." (llfl."ixJen:d

an inlt1U"J.1 p3n of the ....ill' ...-e1t."llion prrx-t.'S:"'

In d~igning lhe I3ndfill. lhe following kt.~·

de"ign p;trJ.me(ers :"'hould ht.' (m..... idert:'t..l

• T~-pe and Hllumc of h;Jz;Jrdou!io W350lC

• TOJXlgT3phy J.fK.t soil (.'h.arJ.(.leri.."\lK~ of the

sile and vicinity

• Clinldti(.- condition",

• Surf3ce W3ter hodies in the art""'.J.

• Groundwater charJ. ...leriS[i(:~ ..

• Selrtlion of liner systt.'m for lht.· bndfdl

• Qt.l;lmity md d13r.I(.lt.'1i."iIk"s of the le-J.dulc

• Sdc(.'tion of leJdule collection and

t..re".J.lrnem sy~em,...

• C1o."lIn: and posh:lcl"oun.· rl~tn...

Sonle of the k~' (.·(lf11pflfk.l1t.. tJl' 3lanc::tfill J.ft:'

as follows:

;\ l.l1kJfill r(1f tuT...mJou..;. " ..,l."'tt..... nllL"-l rodu...k.'

;j IIfk1' and d :llru~' """illt.'t11 th.u "" ,:ht'nuI.::'lU"

~lI1I no tho' np..":,, 0; \\:Nt.':".ln...! Ltk' k.~..k:h.m:

produ(t"d lhc pUfTllr.c.' of the (tnt"r L" CD

pmqdt" ..In lnpt.'111k'".JJlk" h.lma U.\·t'1· Llfi\.k"f

lhe "'J..··k (l,l ':-»ft"\t.'11n Ie-.J(tu~e rm!U,J.tln,lZ mcn

tht.· ~lUfK.h, JIt.""f l~l(lW the uOI..tiiH :\ \\ kit.>

\:lric..1\" (-.( nu 'c."riJ.b..lR' .l\:ltU~ fnt' lirk.'t" tn

hazardou~ W..lsre-" 1.JnJiili ....·(m.... t!1.h,..tion

~t"fk.T..lll\· (Of :"ookkn~ h) oitlt.'1' the h:'St Il,)n~.

term (OflUlfil"k'11l oj k.1..:fulc.' The dk'T!ti..... ~ll

;lnd pll\"'-1l..';li Jlfl-..pt.'1tJt'S lJi dk.'SC hnc.'t'" .;h1tlkf

1"1(' wc."1¢lt.-J c urlulli.- (0 ~m.' r..)(h k'lf1~ ltt.....

30d ...-(N-t.·trt'"_""tl\·erlc.':'.... of nhe (Int.'"! ",",,",em

Common mJk'TU.L.. used fnr .;:~n[hc.... IiI..· hfit'r­

1fl(lude hl~h ..it.'1l.~I~- poh-t.'tiw!(:"fk' It,nPE).

poh:nkiln-.. .JJ~ r-...... nmi dlk~ ~1:I.\.)fi

of the Jppn..,- fLUC lmer nUfit'TU! t.~ J. ...:ritt.....~l[

dl' ....l~n pJ.r~lIleh.>r th.u J.ttle\:r' llm~-cerm

p<ttomUJ1(e, i!he Imdtill 1"'lX~ ,'" ct..•

Jpplh.:~llon_ hlt.'T tthk."Knt..-:-;.... ~'tl<."r..llh· \:J-rk.":'

fnlfll -fl', to 1(.- md... FIJie I~\ ...n.:"",,-,, J. Lmdt!l!

With .J llOer .., 'llc.'11'

•
-

Geo-ne.o••

..... Iaye<---

Figure (2). Landfill with a Uner system.
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Depending on the site-specific conditions, a

single or dOll ble liner system may be used in

the landflli. It is reconunended that a double

liner system be used in haz2rdous waste landfill,

to protect the groundwater. In case where the

groundwater is quite deep, and the soil below

the landfill is a thick layer of low permeability

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 1(}-7 cmJsec. 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.

Leadwle ("ailee/ioN .~.l'~;(elll

A leachate collection and removal system must

be installed above and below the liner. A riser

pipe extending from the sump in the leachate

collection 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.

A significant source of leachate generation at

hazardous waste landfills is the inftltration of

water through the top of the landfill from

rainfall precipitation. Some of this precipitation

flows off the landfill as runoff, carrying

contaminants. In order to minimize leachate

generation and runoff contamination,

hazardous waste landfills must havE' a cover

system. The final cover for the landfill is

imendeu to minimize infiltration of surface

\vater, prevent runoff contamination. pre\,uH

erosion of the soil, and generally maintain the

integrity of the hazardous waste landfill long

tenn over the post closure period, which m:lY

be 30 years,

Landfills must be stable during construction,

operdtions, and for many years after closure,

"Llndfill failure due to inadequate slope st.lhility

sometime'> occurs, and can be a major prohlem

Special attention by an experienced

geotechnical c..."Ogineer to address slope ."t~lhility

of the landfill is essential during the design of

the landfill.

ConstnlCtion of a landfill involves several

steps, which must be followed \\lith close

supervision, quality control, and ::Htcntioo to

details. Steps for landfill construction are as

follows:

• The natural soil is excavated to the ptumcd

depth and the excavated material is ()ften

used for constructing the lateral

embankment for the portion of the

landfill above ground.

• 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 byer

should nor exceed 1 x 10 on/"ec.

• A layer of non-woven fabric (geCHE'J..1ile)

is placed above the clay. The purpose of

the geo~textile is to smooth out the

unevenness of the day 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 critical component'> of the landfill

constmction, particular attention must

be paid to liner installation. One of the

key aspects of laying the liner is the

location and seaming of the joints. The

liner should be overlapped at the joints

such that the leachate would drdin away

from the joint. Special care should be

taken to U<:ie 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 pert"orated drainage

pipes is installed for collecting the Ie-dchate.

The hydraulic conductiVity of the

drainage layer should generally be

1 x 1Q:? CIn/sec or more. TIle minimum

thickness of the drainage layer should be

30 an 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 an. The filter layer can be made of

gravel or oushed rock. The Wd.Ste 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 fmally

a vegetative layer of topsoil.


















