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PRESENTATION OUTLINE

Presentation Goal:  
To present what the antimethanogenic EZVI technology is (and isn’t), how to utilize the 

benefits of this substrate and when to use it in difficult urban settings to both perform 
ERD/ISCR at a high level as well as manage methane for both scientific and regulatory 
reasons. 



HISTORY/BACKGROUND



History – DNAPL Remediation Issues – Why is this difficult?

• Physical Chemistry
• Hydrophobic
• Dense & low viscosity
• Low water solubility

• Location
• Precision

• Treatment
• Contact

• Site Use
• Past and Future



Physics and Chemistry
• Must be understood well to design remediation – see site use.

Site Use
• Dry cleaners

• Strip malls
• Very tight areas
• Residential areas
• Large process plants
• Historical handling practices
• Sensitive human receptors (VI)
• Sensitive environmental receptors
• Many have historical uses such as gas stations that complicate remediation

The curious case of the urban dry cleaner:
Why is this so hard?



Invention of EZVI

Scientists at UCF and NASA (KSC) 
invented EZVI to address chlorinated 
solvent DNAPL contamination at the 
Kennedy Space Center in Cape 
Canaveral, FL.

NASA utilized TCE as a degreaser for 
rocket engine parts throughout the 
1960’s.  



DEVELOPMENTS TO DATE

 1997 – 1998: Conceptualization/Development
 1999 – 2002: Proof of Concept R&D at UCF/KSC 
 2003 – 2004: Pilot studies – EPA SITE Evaluation 
 2005 – 1st FULL SCALE implementation 
 2005 – Present: Various Applications across USA, Canada, EU
 2015 – Technology Enhancement – new product EZVI-CH4TM

 2015 – Present:  Continued Optimization of the EZVI product
 2016, 2017 – Remediation events with results presented here
 2019 – Most Recent Research Article (shown on right)



TECHNOLOGY DESCRIPTION



What is EZVI?

• Surfactant stabilized, water-in-oil emulsification 
with small micron (< 5 mm) ZVI particles 
suspended in the water drops.

• EZVI is a DNAPL (hydrophobic, sinker)

What is the innovation?

• Miscibility with DNAPLs
• Combination Technology utilizing abiotic & 

biotic processes AND physical chemistry
• Viscosity is lower than slurry applications
• Emulsion structure is key



In-situ DNAPL Destruction with Controlled Methanogenesis
*The EZVI is made with or without AMR as needed

EZVI-CH4TM



RED RICE EXTRACT

ESSENTIAL OILS/SAPONINS

How Do We Control Methanogens?

• Methanogens are genetically unique – Archaea 
• Utilizing naturally occurring statins (RYR Extract) and select 

essential oils/saponins to disrupt enzyme and coenzyme processes 
unique to methanogens 



IMPLEMENTATION



• Engineered as an in situ source area destruction 
technology

• Emplaced directly into source area soils
• Effective in vadose and saturated soils under certain 

conditions

• EZVI usually delivered via:
• Direct Push
• Hydraulic & Pneumatic Fracturing
• Soil Mixing

When is EZVI an option?
• DNAPL is likely present:

• COC(s) in GW ≥ 10% of water 
solubility (EPA approach)

• The site is conducive to a 
reductive, in situ approach

How much do I need?
• Dosing is based on soil pore volume (not 

stoichiometry)
• Typical approach utilizes ~ 10% of 

available pore space

Can EZVI be injected through well screens?
• Not typically recommended
• This approach minimizes technology 

efficacy, but is adaptable for certain 
situations

EZVI-CH4TM



CASE STUDIES



Urban Dry Cleaner Northwest Indiana
• Stand alone structure surrounded closely by residential structures on two sides and mixed 

residential/commercial structures on two
• Drycleaning operations have ceased;  future site use unclear
• DNAPL concentrations of PCE in soil and groundwater
• DNAPL was observed during sampling
• Methane control must be utilized to protect surrounding structures and site structure
• Municipality denied the use of thermal remediation for source treatment due to proximity to 

utility corridors
• EZVI-CH4 was selected for source treatment and antimethanogenic Provect-IR for lower 

concentration plume mass
• It was assumed that multiple treatments would be required
• Currently monitoring initial treatment



General Site Layout
• Site Use
• Groundwater Flow
• Geology 0-23’
• Contaminant 

Distribution



December 2016:

9,000 gallons of EZVI-CH4 in the pink 
source area (above)

14,000 gallons antimethanogenic Provect-
IR in the green plume area (above)

Following graphs show wells within the 
EZVI-CH4 injection area.









Methane Meter Readings from Late 2016 to Present

• Subslab port 1
• 31 samples
• 6% LEL Max concentration, 19 samples 0%

• Subslab port 2
• 31 samples
• 11% LEL Max concentration, 20 samples 0%

• Subslab port 3
• 31 samples
• 10% LEL Max concentration, 20 samples 0%

• Subslab port 4
• 31 samples
• 5% LEL Max concentration, 17 samples 0%

• Soil gas ports at 5 residences never exceeded 2% LEL
• Onsite indoor air did not exceed 0% LEL



Urban Dry Cleaner Central Indiana
• Site is tenant space in the middle of a strip mall
• Dry cleaning operations ceased, currently a doughnut shop
• Surgical excavation was completed but tight space did not allow all impact to be removed
• High concentrations remained in soil and “bathtub” groundwater
• PVC structures emplaced for either venting or injection of substrate
• Groundwater was exhibiting high concentrations and no downward trend
• EZVI-CH4 was selected for treatment by injecting into and filling the excavation scar 

(backfilled with pea gravel)
• Idea was to aggressively treat back diffusion from the excavation walls where impact was left 

in place
• Currently monitoring initial treatment



Dry cleaner location and 
sensitive receptors

Excavation location and soil 
sampling results

Injected 600 gallons of non-diluted 
EZVI-CH4 into PVC piping into the 
former excavation fill



Note significant results in PCE and TCE at both MW-5 and 
later at MW-8 after the remediation front reached that point.  



Methane Meter Readings from Late 2017 to Present

• Subslab port 1
• 17 Samples
• 3% LEL Max concentration, 11 samples 0%

• Subslab port 2
• 17 samples
• 3% LEL Max concentration, 16 samples 0%

• Subslab port 3
• 17 samples
• 4% LEL Max concentration, 11 samples 0%

• Subslab port 4
• 17 samples
• 3% LEL Max concentration, 14 samples 0%

• Onsite indoor air had one detection of 3% LEL and 8 of 9 samples did not exceed 0% LEL
• Offsite locations did not exceed 0% LEL



Questions?

Keith M. Gaskill, LPG 
Chief Geologist 
EnviroForensics, LLC.  
Indianapolis, Indiana
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