SEAR Combined With MPE To Resolve Recalcitrant
NAPL At Coal Tar Brownfield Site

lvey-sol® Suffactant Remediation
Technology Presentation

Remtech East
Niagara FallscON

May 30,2023

Lanyard Sponsor

**?s. WEF SO

surlat:mm Tel:lmalayy

www.iveyinternation I

© 2023 lvey International Inc.




IVEY GLOBAL DISTRIBUTION NETWORK

IVEY is an Award Winning Remediation Technology Company that has Developed Innovative Patented and
Proprietary Remediation Products including: lvey-sol®, DECON-IT®, and PFAS-SOL®
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PhascPadtiitonimg KPP cSdiptie Globute- NAPL - VOT
LNAP, DNAPL and VOC have limited solubility in groundwater.
Hence these contaminants will PP to Sorb  onto the Soll Surfaces, Agalomerate

to form Globules , NAPL, or VOC
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Interfacial Tension Between Phases
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Agglomeration

Contaminant agglemerationn is the gticking f(cohesive or
adhesive forces) of organic molecules to one another, onto
surfaces (Sorption), can increase Iin thickness «.its a very

a natural phenomenon.
(like dissolves like & like attracts like)

Agglomeration may be viewed as unwanted surface
Sorption, that amasses to Globules or Ganglia, to NAPL

and/or VOC layers in formations.
(medical analogy - clogging of arteries)

Within geology, this causes caking, bridging, and/or ' o | |
blockage of effective pathways = Patiway|ntésideennee v @ @ @
(hence delieryy or exthactionn issues!)

Beginning Advanced Complete
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Relative Diameters of Soil Pore Opening to
Average Hair, Vein and Artery Diameters

Artery Vein Hair Soil iRore
(3.5 mm) (0.95 mm) (0.125rmm) (0.052mm)
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Surfactant Technology

“TODAY’S ENVIRONMENTAL SOLUTIONS FOR A BETTER TOMORROW”
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lvey-sol ©® selectively desorbs , Sorbed, NAPL, VOC below the CMC
Increasing Physical, Biological and/or Chemic@vailability For Remediation
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New Rydro-Geo-Chemical Considerations That Limit
Contaminant Availability...that you can overcome.

»>Sorption (Adsorption & Absorption)
»>Phase Partitioning (Sorption, Globule/Ganglia, LNAPL and DNAPL, and VOC)
»Agglomeration (Not aggregation)

> Interfacial Tension (Interfacial Pressures)

»Water Clusters (Water is not simply H20)

»Water Cluster Size Dictates K More Than Soil Grain Size
»Pathway Interference (Caking, Bridging, and Blockages) A\

lvey-sol® Can Resolved All The Above Te Improve ‘Availability’
For Physical, Bilological, and Chemical Remediation




lvey-sol Overcomes Low K and Retardation In Finer Grain Soll
Improving Access, Regress, and Remediation
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CROSS SECTION IVEY-SOL INJECTION DIFFUSION RADIUS

Not To Scale

@ [Injection Well
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Ivey-sol® Injection and Recovery Well Fields
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Horizontal Well Applications
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Abbreviated Presentation
Version. Contact IVEY for
full version if interested.

Sustainable outcomes with  lvey -sol®
surfactant enhanced aquifer remediation
(SEAR) of coal tar NAPL with MPE

Australasian Groundwater Conference 2019,
Updated 15 January 2020

Daniel Hirth, CEnvP

BlueSphere Environmental Pty
113 Ferrars Street

Southbank, VIC 3006
Australia




Background

Rural gasworks from 188873
Coke, tar and ammonia by-products generated
Soil and groundwater impacted.




Background

Two source zones: former
tar/liquor disposal wells.
Plan shows dissolved
naphthalene as an
indicator of NAPL.




Objective

ISsues:
T Non-agueous phase liquid (NAPL) presenge
T Dissolved chemicals of concern: naphthalgne,

benzene, ammonia, cyanide (free), sulfate

Site objective:
T Remove/reduce contamination liability

T Limit impacts to adjoining sensitive receptors including residences
T Divestment of surplus landof future redevelopment

Remediation Objective:
T Reduce source zone contaminant mass, so far as reasonably practicable.

NAPL Conceptual Model:

T Over 100 wells installed, half in the source zones.

1 Alluvial aquifer 16 to 28 feet BGL (58&m BGl; They Understood
T Clayey lignite lower confining unit (Werribee Fm); Their Patient!

T Distributed NAPL beneath tar wells, minor LNAPL



MethOdOIOQy Typical

Process
ROA ATrials ARAP AEApprovals

Surfactant Enhanced Aquifer Remediation (SEAR)

We used a non-ionic, selective surfactant (lvey-sol) engineered
for use with long-chain hydrocarbons to lower the surface

tension (not to emulsify

¥2Sub-critical micelle application Ivey-sol only
¥2Applied through injection and recirculation needs to form a
3%NAPL continuously removed form recirculated wafer gaflt'a' m('jce”e

3 . O Iower dosage
/4Las_t §tag_e IS t_o c_axtract surfaptant and treat_ and greater SEAR
1) re-injection (limited by cyanide concentrations) economics.

2) trade_ waste (prlmary method of dlsposal) lveysol does not needto emulsifycontaminants
3) Off-site transport As selectivebelowthe CMC=greaterprecisionand

accuracyforin-situ SEARapplications



Methodology

SEAR (lvey-sol) - MPE system



Results

What we observed:

Very rapid NAPL coalescence (~15min); and

NAPL mobilisation for enhanced recove@isth LNAPL & DNAPL)

Both visual and quantitative NAPL
recovery over Ilvepol® SEAfRuUr (4)
month application

Realizindeffective NAPL mass
removal.




Results




Conclusions

T SEAR (lvey-solith groundwater extraction can be &
viable remediation method for tar NAPL in aquifers
that have:

T Limited human and environmental receptors

T Unconsolidated sediments

T Sufficient effective permeability for NAPL entn

T And sufficient, interconnected permeabillity for
NAPL extraction.

T Sustainability

T Economic: <cost than other possible methods
(e.g. co-solvent, thermal, stabilisation, etc.)

T Social: low noise, no odour, reduced street tra

T Environmental: Biodegradable Ivey-sol

T Ivey-sol surfactant, reduced wastewater
generation, reduced filter media
requirements

T Audit CUTEP completion by late 2020
TWith land returned to normal use.
T Site Closure Has Since Been Achieved

z Remediation system turn off
planned for late January
2020.



Monarch Butterily-Endangered Species

Monarchs are threatened by
deforestation of wintering
forests in Mexico, disruptions
to their migration caused by
climate change, and the loss

of native plants ( including
milkweed species but also all
nectar-producing native
plants) along their migratory
corridors .

Available At Our Booth Near Registration Desk
Seed Packs Mixture Differs For EASTERN and WESTERN Regions




CONTACT INFORMATION

George (Bud) lvey
President & Senior Remediation Specialist
lvey International Inc.
Mobile: + 1 250 203 0867
Toll Free: 1 800 246 2744

Email: budivey@iveyinternational.com
Info@iveyinternational.com
Web: www.iveyinternational.com




teps To Using Ivey -sol At Petroleum, Chlorinated, and PFAS Remediation Sites

Step #1 (Evaluation) Step #2 (In-situ/Ex -situ Application Model Development)

Step #3 (Ilvey-sol Selection) Step #4 (Dosage Determination) Step 5 (Proposal)
If Sorbed or Dissolved Phase 2%

If LNAPL or DNAPL Phase
Apply " 4% lvey-sol.




