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• What is Colloidal Activated Carbon (PlumeStop)

• How colloidal activated carbon behaves in heterogenous superficial  

geologies

• How PlumeStop mitigates against back diffusion

• Case study focus

• Composite data review from 34 sites across the US and EU

Introduction



Typical Site Results? 



• Colloidal remediation agent

– Liquid Activated Carbon

– 1-2 micron colloids

– polymer/dispersive agent

• Distributes widely in subsurface

• No clogging pore-throats or clumping

• Adsorbs contaminants rapidly

• Removed from aqueous phase

• Concentrates contamination within biomatrix

• Accelerated biodegradation

• Host to sedentary bacteria (biofilms)

• Close contact with sorbed contaminant

• Rapid and sustained contaminant destruction

• Very low targets achieved

PlumeStop



PlumeStop™:   reagent distribution



PlumeStop 2µm Powdered Activated 

Carbon



PlumeStop™:   reagent distribution
SEM image of sand particles without PlumeStop



PlumeStop™:   reagent distribution
SEM image of sand particle coated with 

PlumeStop



PlumeStop™:   reagent distribution
SEM image of sand particle coated with PlumeStop





PlumeStop treatment: 
Total PCE mass drops back to baseline 
between each spike –

Control system:
Total PCE mass climbs with each 
injection

Sorption + degradation ∴
consistent with bio-regeneration

Bioregeneration



PlumeStop Installation into Contaminant Flux Zones - Model



PlumeStop Installation into Contaminant Flux Zones - Model



Tank  2: PlumeStop only

PlumeStop 

Transport

Noticeable 

penetration into 

low k zones

Tank  4: PlumeStop + ERD



How does PlumeStop mitigate against back diffusion? 



Back Diffusion



Back diffusion

Back Diffusion.. Continued



Tank 1 Control, no treatment

Tank 2 PlumeStop only

Tank 3 ERD Treatment
� Lactate + DHC

Tank 4 PlumeStop + ERD

� PlumeStop, lactate, DHC

PlumeStop and Back Diffusion – Lab study

1. “TCE Spill”

a. TCE saturated water flowed 

through tanks (~12 PV)

2. Back diffusion: 

a. Influent switched to clean 

water until effluent TCE <5 

mg/L

3. Inject remediation treatments



F
LO

W

Control Tank PlumeStop Tank

Effluent

Influent

• Effluent samples 
collected throughout 
experiment for VOCs

• qPCR analysis of 
water and soil upon 
completion of 
experiment

PlumeStop and Back Diffusion – Lab study - Analysis



15 µM = 2 mg/L

0.1 mg/L
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Effluent Results  - Tank 1 (Control) 
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2: PlumeStop Treatment3: ERD Treatment

= Lactate/DHC applications = PlumeStop application

ERD Treatment: No 
containment of total 

VOCs

Effluent Results  - Tank 3 (Donor) & Tank 2 (PlumeStop)
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Treatment

3: ERD Treatment

= Lactate/DHC applications = PlumeStop application

Effluent Results  - Tank 3 (Donor) & Tank 4 (PlumeStop& Donor)



Effluent Results  - PlumeStop



Microbial Mass - Tank 3 (Donor) & Tank 4 (PlumeStop & Donor)
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Over two orders of magnitude DHC population 
increases in presence of PlumeStop
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Case Study Focus – Bologna Train Station



• Widespread CHC plume under train station

• Low concentrations; approx. 100ug/L

• Complex alluvial formation
• Shallow Fine Sand + Silt

• Low seepage velocity

• Silty clay aquatard

• Deeper Fine to Med Sand

• High seepage velocity

• PlumeStop with HRC

• Hot Spot treatment

• Second phase

Case Study Focus – Bologna Train Station



Bologna Train Station – Cross Section

Shallow Fine Sand & Silt 

6.0 – 8.0 mbgl

5 m/year

Fine to Medium Sand 

17 - 19 mbgl

50 m/year

Silty Clay

Silty Clay



Case Study Focus – Treatment Areas 



Bologna Train Station – Initial Results
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Long term results… 



But is that typical? 



PlumeStop Applications – May 

2016





• All available site performance data pooled – 34 sites

• Wells within expected zone of impact highlighted and assessed
– i.e. those wells within treatment grid and/or advective distance

• Total contaminant reductions monitored over time

• Performance histograms created – full data set
– Initial reduction

– Stability (rebound – or lack thereof) to date

Multi-Site Data Review



• 65% achieved >95% reduction within 90 days (typically to < MDL)

• 70% achieved >90% reduction within 90 days

• 90% achieved >80% reduction within 90 days

• 10% achieved <65% reduction within 90 days



Data Set: 

Long term is up to 738 days

Average is 199 days

70% show no change or drop further

85% remain within 10% of initial result

The remainder (bar one) were pilot tests



Data Set: 

Long term is up to 738 days

Average is 199 days



– 80% of tests to date 
have found 
unanticipated 
results (technical 
blind spots)

– 1/3 of preliminary 
designs have been 
modified / refined

– Design changes 
generally have been 
cost-neutral

18%

18%

21%

25%

46%

Higher Contaminant Concentrations

Thicker Contaminant Zone

Un-identified Contaminant Transport  Zone

Lower Injection Rates/ROI

Un-identified Hydrogeological Conditions

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Pilot Trials – Technical Blind Spots



Conclusions 

Of the sites treated with PlumeStop:

• 90% achieve an 80% reduction within the 

first 90 days. 

• 85% see no rebound (+/- 10%) after the 

first 90 days.  

• Lab Studies have shown a 2x OOM increase 

in DHC bacteria when PlumeStop is used 

with a donor vs donor only injection 

When used on the correct sites PlumeStop can 

be an effective solution to deliver a rapid  and 

sustained reduction in contaminant levels. 
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