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* What is the CAPISCO™ process

* Technologies used

e Reference project
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What is the CAPISCO™ process

* Turn key project for VOC pollution
* Fixed price
 Payments coupled with achieved results

* Condition :
— Bench scales and pilots performed by ourselves

APISCO
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Used technologies

* |n Situ Chemical Oxidation(=ISCO) :

— Fenton’s
— Permanganate

e Anaerobic bioremediation :
— CAP18® and/or CAP18-ME®

APISCO
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What are ISCO and BIO?

ISCO BIO

* Deliver strong chemical * Deliver a carbon source to
oxidants to subsurface the subsurface

* Chemical reaction destroys e Stimulate bacteria to
pollution, not biological destroy the pollution
reaction . May also inject the bacteria

e Foantnn’c reacent (bicaugmentation)
I\—IILUIIJI\—UB\—IIL’ \I\.I BIII 1 ULIUII’
permanganate, ozone,

persulfate
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1ICCN
10UV

* Types of oxidants

* Basic chemistry involved

* Advantages & disadvantages

APISCO
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FENTON’S REAGENT

G

i |

Key Reaction
H,O, + Fe(ll) > OHe + OH" + Fe(lll)

Teirachloroethene and Trichloroethene Oxidation Pathvway

Tetrachlotoethene
Cl“m fCI

o=
c1” e Cl

OH- _OH 2 OH _OH 20
— C1—C —C —» H—C —> CO2
| s =g

Trichloroethene H
Cl. e Dichloroacetic Acid Formic Acid Carbon Diozxide

O =1
o1 ~H

Does not generate DCE or vinyl chloride

APISCO
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tages

* Most powerful chemical oxidant for remediation
— Chlorinated ethenes and ethanes
— BTEX
— MO
— Explosives

e Source reduction
— Destroys DNAPL and LNAPL

— 75-90% mass reduction in short time period (weeks-
months)

I”

e No “residual” solids

YAPISCO
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View from above Fenton’s injection




Fenton’s Reagent Disadvantages

* Requires simultaneous presence of 3 reagents
— pH <6, prefer <5
— Iron 10-15 mg/L, prefer >25 mg/L
— Peroxide detection, prefer >100 mg/L

e Sensitive to groundwater chemistry
— Carbonate

* Very short lifetime — days to a week
* Gas production, elevated temperature

Requires a lot of experience for success!
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Permanganate
Bll-

Sodium (NaMnO,) or Potassium (KMnO,) Salts

Key Reaction
NaMnO, - MnO, + Na*
Mn(VIl) = Mn(lV) + 3e

Glyvool Aldehyde Glyomylic Acid Cxalic Acid
]
Hle iﬁj H MaOg O E MaOy~ ) I
DH 0 fc-r:: —_— Cl—l Lﬁ_l
R |
Mn Hy0_, 1 SH o HyO o n 129 5 on
§ o / |
H_ H MnOg HHé éIH Hydralysis
Y s s Bt
H H H H C-C Bond
, Cleavage
Fthylene Cryclic \
Hypomanganate é! Hp O y:
Ester H—C—H —2 H—U—0OH
Formakdehyde Formic Acid

Does not generate DCE or vinyl chloride
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Pprmanga nate Ad
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Easier to apply
— Prepare one solution
— More application methods

Not as reactive
— No offgas or elevated temperature

Longer lifetime
— Weeks to months
— Diffuse into fine-grained soil

Purple color
Not as sensitive to water chemistry
Wider range of concentrations
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Example permanganate injectio
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Permanganate Disadvantages

Not as powerful

— Limited to “ethenes”: PCE, TCE, DCE, VC

Precipitates MnO, solid
— Clogged injection wells

Not as good for DNAPL

— Large volume of permanganate — MnO,

Purple color
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The Second Piece of the Puzzle

Adding Bioremediation to Complete
the Cleanup

F
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Soluble Substrates Insoluble Substrates

- Examples * Examples

— Molasses — Polylactates

— Sugars — Chitin

— lLactate e Advantages &
 Advantages & Disadvantages

Disadvantages — Difficult to inject

— Easy to inject — Expensive

— Requires reinjegtion — Onein

jection

APISCO
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Soluble Substrates Insoluble Substrates

Vegetable Oils

e |nsoluble substrate
e Easytoinject
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\Allhat Aava CAD1T1O® Amad AAD1T1O ANAC®D
vwiidt dif€ LAri1o aifnld CAr.io0-ivic ¢
e Food-grade, slightly viscous liquids C
. ::14.-:‘"\‘\
e Refined from natural vegetable oil e =,

e Specifically designed for bioremediation

» Chlorinated solvents
(PCE, TCE, TCA)
» Nitrate, Explosives & Perchlorate

e Concentrates the C18 unsaturated fatty
acids

APISCO
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CAP18® and CAP18-ME® Advantages

e Easier application
* Lower cost
e Better hydrogen efficiency

* Very long lifetime — onetime injection

APISCO
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ISCO AND BIO ARE COMPLIMENTARY TECHNOLOGIES

Each can work over a wide range of concentrations
Each has advantages & disadvantages

Fenton’s ‘ >
rermanganate <
Bioremediation < *

DNAPL ¢ > Drinking
Water

VOC
Concentration

APISCO
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Reference project

CAPISCO™-project region Antwerp
BELGIUM
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TOPICS

 Site specific conditions

* Bench tests and pilots

 Full scale

* Conclusions

APISCO
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CAPISCO™-project region Antwerp

Site specific conditions :

*  Former dry cleaner

*  Pollution : VOCs, maximum concentrations :

—  PCE=49.100 pg/L
—  TCE=19.300 pg/L
—  CIS=117.000 pg/L
—  VC=46.100 pg/L

* Geology : sand

* Agquitard : clay layer at circa 3 m-bg

* Groundwater level: circa 1 m-bg

* Groundwater velocity : circa 20 m/year

* Groundwater flow : S — SE

* Bail to the government : circa 700.000 €

* Initial remediation technology : reactive barrier downstream(30 years)
*  Payment terms : fixed price coupled to different stages of the project
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TOPICS

 Site specific conditions

* Bench tests and pilots

 Full scale

* Conclusions
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CAPISCO™-project region Antwerp

1. ISCO bench tests :
* PSOD-tests : 2,38 en 2,39 g NaMnO,/kg

2. ISCO pilot with NaMnO, :

* 1 point injection via direct push(into two different zones)
* Injection of ca.200 L NaMnO , 40%, diluted till 7 to 10 %

* Permanganate worked for ca.16 weeks

* ROI:>3m

* Final conclusion : effective technology

3. Molasse and CAP18° pilot test

ropean Remediation Technolog



TOPICS
 Site specific conditions

* Bench tests and pilots

* Full scale

* Conclusions

APISCO
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NaMnO, and CAP18-ME®-results
(Zone 1)

CAPISCO™-project region Antwerp
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bijkomend bodemonderzoek
@ peilbuis

BBO fase & Envirotox 2003
A mallhide

& pelibuis

BBO fase 233 Envirotox 2002

@ pellbuis

0BO Geosan 2000

@® peilbus

Peilbuizen gepiaats Lhhy. pilootproef
@® peibus

¥ NaMnO, -injectoren (uitgevoerd)

¥ NaMnQ, -injectoren (niet uitgevoerd omwille van
saneringstechnische redenen)

Situatieschets van het terrein met

aanduiding van de uitgevoerde

injecties met permanganaat in 2008

SCHAAL: 17500

Db Hoghebaert B. Vanwalle

\
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CAPISCO™-project Antwerpen

Full scale design :

* Injections via ‘direct push’ :
v' August 2007 : 6.720 kg NaMnO, 40 % diluted till 8% divided into
circa 45 injectors.

v’ March 2008 : 5.440 kg NaMnO, 40 % diluted till 4% injected via
circa 100 injectors.

v’ October 2008 : 2.950 kg CAP18-ME® injected into 82
injectoren(source).
* Conclusion : decrease of VOCs is sufficient to justify the after-
treatment with CAP18-ME® (October 2008).
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Zone 1 : Average VOC- and CH,-concentrations
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Zone 1 : Average VOC- and CH,-concentrations
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Zone 1 : Average ethene and ethane concentrations
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Zone 1 : Average TOC-, NO;-, Fe(+ll)- and SO,-concentrations
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CAP18°-results
(Zone 4)

CAPISCO™-project region Antwerp
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BSP Sertius 2005

@ peilbuis

daa BBO fase & Envirotox 2003
L ™ @® peilbuis

BBO fase 243 Envirotox 2002

@ peilbuis

080 Geosan 2000
peilbuis

CAPYE filter
CAP18-ME filter

zone1 CAP-ISCO
zone2 CAP1B-ME ™
zone3 CAPIB-ME "
zoned CAPWE ™

aoood .. e

?;72 overdekte zone

11/Y/2008 Prajach ERT-0001 )
Kaartnummer:  San-001
- Dpdrachtgever: Dackers NV
Lucatie Lageweg 456
A3 2660 Hebaian

Variant 2: zonel, zone2, zone3 en
zone4 met aanduiding infectiefilters
CAP18-ME"en CAP18”

Opp: 82"
18 CAPB-ME Tilters SCHAAL: 17500
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CAPISCO™-project Antwerp

Full scale design :

 CAP18°®-injections via “direct push’ :
v’ September 2007 :5.520 kg CAP18° injected into 152 injectors.
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Zone 4 : Average VOC- en CH,-concentrations
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Zone 4 : Average ethene and ethane-concentrations
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Zone 4 : Average TOC-, NO;-, Fe(+Il)- and SO,-concentrations
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CAP18-ME"-results
(Zone 2&3)

CAPISCO™-project region Antwerp(B)
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BSP Sertius 2005
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zone4 met aanduiding infectiefilters
CAP18-ME"en CAP18”

Opp: 82"
18 CAPB-ME Tilters SCHAAL: 17500
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CAPISCO™-project Antwerp

Full scale design :

 CAP18-ME®-injections via “direct push’ :
» January 2008 :10.170 kg CAP18-ME" divided 254 injectors.
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Zone 2&3 : Average VOC- en CH,-concentrations
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Zone 2&3 : Average ethene- and ethane-concentrations
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CAPISCO™-project Antwerp

CONCLUSIONS :

* Source:
— |ISCO with permanganate was succesfull, at present 95% reduction of PCE!
— After-treatment with CAP18-ME® already working after 6 months

* Plume : Good reductive dechlorination with CAP18® and CAP18-ME®

* Payment evolution :
— 95% of the budget is already paid;

— 97% of the bail is paid back to the client;
— Last slice when the site is delivered up by the government

* General CAP18° and/or CAP18-ME® cost : 5 to 8 €/m?3
* Only monitoring needed anymore, other activities possible on site.
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