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Remediacni technologie

%, Termické
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Termické remediace
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Termicka remediace kontaminovaného uzemi

Preparation Furnace Five-step exhaust air remediation
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Figure 4.5.4 Thermal hazardous waste site remediation (after Bank 1994)
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Tepelné sanace

Vyhody:

%  Rychlé provedeni
% Aplikovatelné pro organické latky
% Aplikovatelné pro tuha media

% Vyznamné sniZeni objemu
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Tepelné sanace

Omezeni:
Y% Neni pouZzitelné pro anorganickeé latky
Y%  Neni pouZitelné pro kapalna nebo plynna media
Y% MozZzna rezidua vyZaduji dalSi proces
¢, Uéinnost je fizena vyskytem kontaminantii
%  Relativné vySsi cena
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Tepelné technologie

Technologie Hlavni cilové kontaminanty

Spalovaci systémy (ex) X- (VOCs, X-SVOCs), PAHs,
PCBs, Pest., Diox/Fur.
Termické desorpéni systémy (in or ex) VOCs, SVOCs, PAHs, PCBs, Pest.,

Diox/Fur.
Pyrolyza (ex) X- (VOCs, SVOCs), PAHs, PCBs,
Pest., Diox/Fur.
Plasma Arc Systémy (ex) PCBs, Pest., Diox/Fur.
Vitrifikace (in or ex) X- (VOCs, SVOCs), PAHs, H.M.,

PCBs, Pest., Diox/Fur., Anorg.
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Tepelné technologie

Technologie Cena (US$/1) Doba cCiSténi*
Spalovaci systémy (ex) 220 -6 000 < 6 mésicu
Termické desorpéni systémy (in nebo ex) 40 - 300 6 to 12 mésict
Pyrolyza (ex) 300 < 6 m¢ésich
Plasma Arc Systémy (ex) 750 -1900 6 to 12 mésict
Vitrifikace (in nebo ex) 300 - 400 < 6 mésict

(*) Doba je uvddéna na standardni zpracovdvané mnoZstvi okolo 20 000 tons
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Tepelné technologie

& Spalovaci systémy (ex)

& Termické desorpéni systémy (in nebo ex)
S Pyrolyza (ex)

Y Plasma ARC systémy (ex)

& Vitrifikace (in nebo ex)
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Termicka desorpce

Charakteristiky:

G

Neni typickou oxidaci nebo rozkladem kontaminantu

Vytékané kontaminanty mohou byt zpracovany, znovu-
pouZzity anebo zlikvidovany

Zafizeni na zajiSténi Cisténi emisi jsou potfebna

Existuji tfi typy termickych desorpCnich procesti
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Termicka desorpce

Aplikace:

% VyuZitelné pro VOCs, SVOCs, pesticidy a PCBs
Neni vyuZitelné pro kovy (s vyjimkou rtuti), plasty, dehet
VyuZitelné pro rizné rozsahy kontaminanti

Pouziva se v kombinaci se stabilizaci nebo dechloraci

& & & &

Vyuzitelné pro pudy v rozmezi od piski po velmi
nepropustné jily (pokud jsou tyto pfedtim misen s piskem)

&

Bod varu kontaminantu je kliCovym faktorem pfi urCeni
aplikovatelnosti
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Termicka desorpce

Specifické vyhody:

G

Utinnost vyzkou$ena na kontaminovanych pudach, kalech
a filtracnich kolacich

Je provozovana pfi niZsich teplotach a vyZaduje méné paliva
nez spalovani

Schopna separovat a vytéZit koncentrované kontaminanty

Dekontaminovana ptuda ma nékteré ptidni vlastnosti, ale je
sterilni
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SC

NT|RECETOX
1

14



[}
S

Termicka desorpce

Specificka omezeni:

G

G

PozZadavky na velikost zpracovavaného materialu mohou ovliviiovat
aplikovatelnost nebo cenu.

Odvodnéni muzZe byt nutné pro sniZeni vlhkosti na akceptovatelnou
urovenl.

Vysoce korosivni odpady mohou byt problémem pro desorpcni jednotku.

Neni aplikovatelna pro vétSinu anorganickych kontaminanti
Kontaminované medium musi obsahovat vice nez 20% tuhé faze nebo
vice; obsah kolem 80% je upfednostiiovan

Provedeni je méné ucinné, pokud jsou pidy vysoce agregované, zvlasté
jilova nebo osahuje vice hornin

Vysoka frakce bahna nebo jilu generuje prach
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Termicka desorpce

Ceny:

% Ceny zavisi na Sirokém rozsahu vlastnosti odpadu, jejich
mnozstvi, obsahu vlhkosti, vlastnostech kontaminantu a
cilech Cisténi

Provedeni:

Y MizZe sniZovat obsah VOCs v pudach o vice nez 99%
» Odstranéni PCBs v mnozstvi 99,99% bylo popsano

14

> Finalni koncentrace niZs$i neZ 5 mg/kg je dosazitelna

% Neékolik faktora ovliviiuje provedeni
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Termické technologie

& Spalovaci systémy (ex)

& Termické desorpéni systémy (in nebo ex)
S Pyrolyza (ex)

Y Plasma ARC systémy (ex)

&, Vitrifikace (in nebo ex)
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VitrifikaCni proces

Cilové kontaminanty:

% Termické odstranéni organickych i anorganickych latek,

PCBs, pesticidu, dioxint, azbestu a radioaktivhiho materialu

& In situ aplikace — pouZiti elektrického proudu pro
taveni pudy nebo dalsich materialti do sklovité nebo

krystalické hmoty

& EXx situ - pouZiti pece nebo reaktoru pro taveni

materiali
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VitrifikaCni proces

Typicka In Situ aplikace

Off-Gases
Electrodes To Treatment
Off-Gas
Collection
Hood
Surface D\P
Combustion "f

(Some Cases) ~a & \ QA

Porous Cold Cap

(Rocks, Ceramics) Subsidence

Due to
Densification

Volatiles
(Disassociatio
Nonvolitiles Destruction)
(Distribution,
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VitrifikaCni proces
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VitrifikaCni proces

Obr. & 2.1.2-15 Schéma technologického uspo-
radant vitrifikace (Dzombak, 2003)

I — kryt, 2 — tiroveri terénu, 3 — elektrody, 4 — elektricky proud, 5 — zemina,
6 — roztavend zemina, 7 — blok materidlu podobného sklu, 8 — béhem vitri-
fikace, 9 — po vitrifikaci
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VitrifikaCni proces

Zakladni slozky:

In Situ aplikace:

%,  Zdroj energie

% Elektrody

% Plynovy sbérny systém

% Systém pro zpracovani plynu
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VitrifikaCni proces

Zakladni slozky:
EXx Situ aplikace:
Y% Pfipravné a michaci zafizeni
Y%  Pec nebo reaktor
% Systém monitoringu produkti
%, Systém zpracovani vznikajicich plyni
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VitrifikaCni proces

In situ a ex situ aplikace:

Y% Kontaminovana media — ptidy, kaly, smésné odpady

Y  Kontaminanty — organické, anorganické

%  Koncentrace kontaminantt nejsou limitujicim faktorem
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VitrifikaCni proces

Vyhody:

% VyuZitelné pro Siroky rozsah odpadi
% Velmi ucinné pro destrukci a imobilizaci

% Vznik komercné vyuZitelnych vedlejsich produktt (ex situ)

UNT|RECETOX
CI

25



[}
S

VitrifikaCni proces

Omezeni:

% Fyzikalni charakteristiky odpadi nebo lokalit
% VysSi zpracovatelska cena

%  Budouci vyuZziti takto ¢iSténého mista musi byt spojeno s in

Situ procesem
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VitrifikaCni proces

Cenové udaje:

%  Studie proveditelnosti zpracovani jsou nezbytné

% Design provedeni je variabilni a zavisi na misté a typu

odpadu

% Jednotkova cena provedeni se pohybuje v rozmezi $ 260 - $

660 za m3

Y% Mistni uspofadani technologie (in situ) miZe zvysovat cenu
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VitrifikaCni technologie - GeoMelt

The GeoMelt technology[1] by AMEC belongs to the family of
vitrification remediation technologies, which can treat a
range of contaminants in soil, from radioactive to POPs.

GeoMelt can be applied in a variety of in situ modes and above
ground, ex situ modes.

In the latter case, which is of interest for stockpiled POP
treatment, it appears suitable for the destruction of matrices
with high content of POPs, namely soil mixed with POPs

such as land filled pesticides and bulk POPs (e.g. PCBs and
liquids) if premixed with soil.

[1] US Patent 4,376,598; US Patent 6,120,430; European Patent 98926394.2-2309.

MUNT | RECETOX
SC1 28



VitrifikaCni technologie - GeoMelt

The GeoMelt technologies use electric current to convert
contaminated soil and wastes into a stable glass and
crystalline product.

Graphite electrodes are inserted into the contaminated material and a flow of
electric current is applied.

As the molten zone grows it incorporates hazardous inorganic elements while
the high processing temperatures destroy organic components thermally.

When electrical power is shut off, the molten mass cools and ultimately
solidifies into a vitreous and crystalline, rock-like monolith.

Organic contaminants are destroyed and undestroyed contaminants, e.g.
residual organic and inorganic, are immobilized within the resulting
vitreous product.
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VitrifikaCni technologie - GeoMelt

The chemistry of the process is that of pyrolysis, i.e. the organic
content is thermally decomposed in the presence of limited
amount of oxygen.

A number of reactions can take place, giving, as result, a wide
range of products, namely mono- and dioxide of carbon,
elementary carbon, methane, water, hydrogen, etc.

All types of organics are equally destroyed at such high
temperatures, including polychlorinated POPs.

In this case, chlorine would mostly transform into hydrochloric
acid.
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VitrifikaCni technologie - GeoMelt

Elactrades

a-/ \.-. 0Of-Gas

Contanment Haod
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v

GeoMelt In-Container Vitrification
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VitrifikaCni technologie - GeoMelt

Advantages

% Mobility (all equipment easily transported to site by truck)

% Low cost technology

%  Simple in operation, no other reagents/materials are required than soil
% Vitrified product from ICV process is easily transported by truck and the

container itself can be re-used or disposed of after treatment
Efficiency does not depend much on the waste type
Able to simultaneously process mixtures of organic, inorganic and

& &

radioactive contaminants
%  The process can accommodate large items of debris, which minimizes
the need for size reduction and other handling steps

u
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VitrifikaCni technologie - GeoMelt

Limitations, disadvantages, and concerns

@

Need to dispose of the vitrified product

Only limited to soils (no bulk chemicals can be processed without their
mixing with soil)

Not applicable to humid soil, dewatering increases costs

Does not seem safe and effective for destruction of volatile waste

High electricity requirements

&

& & &

Formation of dioxins/furans seems to be obvious under the operating
conditions

Vigorous off-gas treatment is required

Use or disposal of the resultant vitrified slag is required

No sufficient data to prove feasibility and economic reasonability as
concerns application to POPs, especially at their high concentrations
Y%  Low destruction efficiency

& & &
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Hlavni omezeni zavedenych termickych technologii

Spalovaci Termicka desorpce

systémy Pyrolyza
Je nutné cisténi tézkych Je nutné odvodnit, NepUsobi na anorganické
kovd. abychom dosahli slozky.
Je nutné dlsledné pozadovanou vlhkost Funkcnost zavisi na
dodrzovat predpisy, aby zeminy. vlhkosti pldy, coz ma dale
nevznikaly dioxiny. Je nutné nasledné Cisténi.  vliv na celkové naklady.
Starsi typy cementovych
peci nejsou vhodné.
V fadé pripadd mohou tyto  Pokud ma vazbu na Zpravidla nevyvolava
metody vyvolat odpor spalovaci systémy, mize odpor verejnosti.
verejnosti. vyvolat odpor verejnosti.
Emise produktl spalovani. Moznost vzniku tékavych VyZaduje kontrolu a
MUZe dojit k uvolnéni emisi. systémy, aby nedochazelo
toxickych sloucenin Emise spalin @ moznost ke vzniku dioxind.
(dioxiny, furany, chlorované vzniku dioxin (pokud je Vyzaduje regulace spalin.
slouceniny) vazba na spalovaci

systémy).

Technicka/ekono
micka rizika

o
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Ekologicka
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Hlavni omezeni zavedenych termickych technologii

Technical
Economical

—
<
o
O
©)
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Environmental

Combustion
Systems

Require cleaning systems for
heavy metals.
Need strict control to prevent
dioxins formation.
Older types of cement kilns are
not suitable.
In many cases may attract
public opposition.

Emission of combustion
products.

Potential release of toxic
compounds (dioxins, furans,
chlorinated compounds).

MUNT|RECETOX
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Thermal
Desorption
Require dewatering to achieve
proper soil moisture levels.
It must be linked to a post
treatment.

If it 1s linked to combustion
systems may present public
opposition.

Potential of fugitive emissions.

Emission of combustion gases
and potential formation of
dioxins (when linked to
combustion systems).

Pyrolysis
Does not attack inorganic
compounds.
Performance depends on the
soil moisture content, which
has correlation with overall
cost.
Usually does not attract
public opposition.

Require controls and systems
to prevent dioxins formation.
Needs control of combustion
gases.




Hlavni omezeni zavedenych termickych technologii
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Technicka/ekonomicka rizika

Socialni

Ekologicka rizika
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Technologie
s integrovanou
termickou desorpci

Celkova udinnost metod je

omezena ucinnosti
termické desorpce, ktera
zavisi na typu a
parametrech zeminy.

V nékterych pripadech
mohou tyto metody
vyvolat odpor verejnosti.
Spalovani koncovych
plyn& vyzaduje regulacni
zarizeni a cisténi emisi.
Je nutné stanovit a
regulovat podminky
procesu tak, aby se
minimalizovalo riziko
vzniku dioxinG a furan@.
Dale je zapotrebi cistici
zarizeni pro pripad, Zze by
se tyto latky v malém
mnozstvi tvorily.

Systémy s plazmovym
obloukem

Odstranovani tékavych kovd a
pevnych castic vzniklych

z anorganickych slouc¢enin mtze
vyzadovat cisténi — tento dalsi
krok m@ze zvysit naklady. Tento
proces vyzaduje relativhé vysoké
vstupni a provozni naklady.
Nékteré systémy jsou omezeny
na cdisténi kapalin a plynd. Pevné
latky lze cistit pouze po extrakci
nebo po vytvoreni suspenazi.
Verejnost zpravidla neprijima
nepriznivée.

Diky absenci spalin jsou plynné
emise mensi nez u spalovacich
systémU. K dispozici musi byt
vyrovnavaci nadrz pro
nekontrolovany unik plyn@G

z Cistici komory.

Pripadné tékavé emise by meéla
eliminovat mechanicka tésnéni a
provoz systému pfri mirném
podtlaku.

Vitrifikace

Vitrifikace
predstavuje
destrukéni proces —
pGdu jiZz nelze pouzit
v zemeéedélstvi.
Nitrifikovana matice
mQAze branit
budoucimu vyuziti
lokality.

Bez znameého
odporu verejnosti.

Je tfeba davat
pozor, aby se
zabranilo tékavym
emisim odparenych
organickych latek.
Vitrifikovany
charakter matixe
vyrazneé snizuje
potencialni vyluh
kov@ a jinych
zbytkovych
polutantd.




Hlavni omezeni zavedenych termickych technologii
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Technical/
Economical

Environmental

Thermal desorption
integrated technologies
Overall efficiencies of
methods are limited by
thermal desorption efficiency,
that depends on soil type and
conditions.

In some cases may attract

public opposition.

Combustion of off-gases
requires control and
emissions treatment.

Process conditions must be
selected and controlled in
order to minimize the risk of
dioxin and furan formation,
and require pollution control
equipment to treat these in
the event that small quantities
are formed.

Plasma Arc Systems

The removal of volatile metals and
particulates formed from inorganic
components may require treatment;
these additional steps may increase
the cost. This process usually has a
relatively high capital and operating
cost. Some systems are limited to
treat liquids and gases. Solids can
only be treated after extraction or by
forming slurry mixtures.

Generally not regarded adversely by
community.

The absence of combustion gases
results on a gas emission smaller than
for incineration systems. A surge
tank is provided to contain any
uncontrolled release of gases from
the treatment chamber.

The use of mechanical seals and
operation of the unit at slight
negative pressures should prevent
any fugitive emissions.

Vitrification

Vitrification is a
destructive process and
the soil can no longer
be used for agricultural
purposes.

The vitrified matrix
may hinder future use
of the site if done -
situ.

No known public

opposition.

Cautions must be taken
to prevent fugitive
emissions of vaporized
organics.

The vitrified nature of
the formed matrix
greatly reduces any
potential leaching of
metals or other residual
pollutants.




