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SUBJECT

Solutions to soil contaminations:

. Influence biological, geochemical and
physical processes of the contaminants in
the soil only by adding chemicals into the soil
by direct injection

. Processes that lead to biodegradation,
chemical reduction, precipitation or
stabilisation of the contaminants
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3 CASES L1 TTechnology

Case 1: Hoogeveen (pilots ISCR and
biodegradation by injecting EHC and
organic substrate of VOC'’s)

. Case 2: Leiden (ISCR In the source zone
of a VOC contamination in Leiden

. Case 3. ISCR by injecting ZVI (EHC) and

ISGS In Weesp
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Case 1l
(Hoogeveen)

Pilots with direct

Injection of an organic
substrate and EHC in a
production facility of a
metal packaging factory




Two spots, each with a plume, under
production hall in strongly layered solls

Access to soll limited due to production hall
e \olatile chlorinated ethenes

e Non-chlorinated Aromatics (mainly
Xylenes)

e Glacial till layer poorly permeable
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Results L 1® Groundwater

T T Technology

First round in December 2009:

50 kg EHC mixed with 200 | water injected
through an injection filter 4-6 m depth (poorly
permeable layer) in 1.5 hr, and 1.600 liter of
substrate mixture in another infiltration filter

Second round in June 2010:

4 direct injections (3.5 tot 4.0 mbgr) and 2nd
Injection in the filter (total amount 325 kg EHC
and 1.200 liter water)
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Results

Hoogeveen: Fe2+ pilot ZVIinjection Hoogeveen: Eh pilot ZVIinjection
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Case 2 (Leiden)

Former dry cleaner: Soll
contaminated by
Chlorinated
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LU T Technology

e Remediation (soll & groundwater) in
early "90-s failed.

e Dewatering for roadworks will
spread contamination in source
zone (& in plume)

e GT requested to ‘keep source in
place’
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SITE OVERVIEW
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Conceptual model - it

eTopsoll, fine sand, slightly permeable; 0 - 1.5
m

oClay and peat 1.5-4.5m

eDeeper than 4.5 m: fine sand with clay layers
(around 7 m DNAPL)

eSource 150 m3: Concentrations PER up to
2,300 mg/kg (6.5 — 7.0 m) =560 kg PER

ePlume: 16,500 m3 =» 33 kg PER, 29 kg TR,
7 kg CIS and 5 kg VC
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_|__IB Groundwater
SOLUTION 11 Technology

Options evaluated:

o |[SCO (Peroxide&Ozone) (Not In
peat layers) as option to address
source zone

¢ |n Situ chemical reduction as
containment measure between the
source zone and the dewatering

e Biological approaches are not
applicable in view of the relatively
short timeframe.
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Results

« 1.500 kg EHC injected through 11
Injection points at depth 6 — 8.5 mbgr

* Pressure was built up resulting in EHC
coming back to surface through
preferential flow paths within the soil and
through the injection points

 |deal mixture 25 kg EHC and 75 liter
water
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Results
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Case 3 (Weesp)

In Situ Chemical
Reduction and

In Situ Stabilisation
ISCR & ISSTAB

Solution Provider
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LU T Technology

Ex dry-cleaners facility in 16th century
building. Designated monument & on
cultural heritage list; part of old city centre
Weesp on water front:

\Volatile chlorinated ethenes, degrading
Low permeabillity soll
® *Highly susceptible to subsidence

P Transfer of ownership: future liabllity is
an issue
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Problem LU T Technology

eContamination extends over 150 m?
(source: 60 m?, vertical extent > 7 m);

eMigration appears to be minimal,

e Typical approach: ‘monitored natural
attenuation’;

e|s there an alternative for an infinite
period of monitoring ?
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Conceptual model

Basic model:

e Topsoill, very fine sand, slightly permeable; O
-2.5m

oClay 2.5-6m
oClay & peat layers 6 — 7 m (up to 50 mg/kg
VOCI)

eDeeper than 7m: Aquifer (7 — 10 m: fine
sand)
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GT Solution

Ruled out:
ePump & treat, sparge & vent (subsidence)
¢|SCO (presence of peat)

eEXcavation

Ruled In:
»eln Situ chemical reduction
e|n Situ stabilization
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GT approach

Mass reduction followed by ISSTAB
Intensive step:

e|n Situ Chemical Reduction: inject micro-iron
slurry (EHC™)

e|nject substrate & nutrients to promote in situ
biodegradation along the harbour side

Polishing step:

eReduce permeability to stop migration by
injection of ISGS™
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ISGS™ = 3 catalyzed, buffered sodium
permanganate (delivered by Adventus USA):

In the presence of an organic compound (R),
MnO4 reactions yield an oxidized
intermediate (Rox) or CO,, plus MnO,

R+MnO,- — MnO, + CO, or Rox
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Two injection zones:
1. In front of premises

e First round: 20 injection points, some oblique
underneath building, to 7 m —grade: EHC™
(3,000 kg) & substrate (6 m3)

2. Near the waterfront

e 15 injection points (vertical) as precaution to
2.5 m - grade
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Results LI Technology

e First project in the NL, where the authorities
approved the use of ISGS™

e Less injected than planned due to build up of
pressure and preferential flow paths

* No monitoring results yet
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CONCLUSIONS 0] Technology

Make sure that the reagents get in contact
with the contaminants, but:

e Target values on macro scale

e Analyses, sampling en process
measurements on meso scale

 The actual processes on micro scale

* Shock load, several injection rounds, or
(semi)continuously (extraction and
infiltration)? Each project is new
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Thanks for your

Attention

Groundwater

Sheffieldstraat 13
3047 AN Rotterdam

Technology BV

P.O. Box 12115
3004 CG Rotterdam

Solution Provider : Tel: +31 (0)10 238 2850

. . Incident response: +31 (0)10 238 2868

for soil & groundwater remediation Fax. +31 (0)10 238 2869
Leading in soil and groundwater remediation E-mail: info@gtbv.nl
Web: www.gtbv.nl



