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ÅBedrock Remediation Difficulties
ïWhy is it so difficult?

ÅThree Case Studies
ï Bedrock and PHCs (including LNAPL)

ï Bedrock and Heavy Metals (Hex Chrome)

ï Bedrock and Chlorinated Solvents (TCE)

ÅTake Aways / Lessons Learned

ÅQuestions

Presentation Overview



Introduction ïPresenter

Kevin French, P.Eng

Å Vice President, Vertex Environmental Inc.

Å B.A.Sc., Civil/Env. Eng., U. Waterloo

Å Environmental engineering

ïConsulting starting 1988

ïRemediation contracting since 2012

Vertex Environmental Inc.

Å Founded in 2003

Å Specialized Environmental Remediation 

Contracting (in-situ, ex-situ, treatment systems, 

vapour intrusion mitigation)

Å High Resolution Site Characterization (HRSC) 

and Remedial Design Characterization (RDC)



Vertex Environmental Inc.

In-Situ Remediation Dewatering & WTS Ex-Situ Remediation HRSC & RDC

Vapour Intrusion Bench-Scale Testing Remedial Design Outreach



Vertex Environmental Inc.



Bedrock Remediation Difficulties



Why So Challenging?

ÅFracture Network

ïCan be complex

ï Thus contaminant distribution also complex

ÅSecondary Porosity

ïContamination diffuses into rock, difficult to get out

ÅHard to Access / Expensive to Access

ï Easy for contaminant to enter fractures

ï Costly to access with remedial infrastructure (drilling)

ÅGroundwater Flow Velocity

ï Fast compared to porous media = shorter contact time

ÅPlume Length

ï Thin but long fractures = large plume

Bedrock Remediation Difficulties



Porous Media

Porosity = 30%

Fractured Rock

Porosity = 1 to 10%

Bedrock Remediation Difficulties



Diffusion into the Rock Matrix

Early Time Intermediate Time Late Time

Back Diffusionïa Problem for Remediation

Bedrock Remediation Difficulties



Bedrock Case Study #1

Bedrock and PHCs



Background ïThe Situation

ÅConfidential site

Å A former retail fuel outlet (RFO) with:

ïUnderground storage tanks (USTs)

ïDispenser-island (pumps)

ïAutomotive service operations including motor oil changes

ÅPetroleum hydrocarbon (PHC) contamination in bedrock groundwater

ïLNAPL (free-phased product)

ïDissolved phase plume

Å ISCO (In-Situ Chemical Oxidation) work completed (by others):

ïInjections in each of: 2015, 2016, 2017

ÅVertex on-site later:

ï2019 to 2021



Monitoring Well Network



Subsurface

1.0 to 3.0 m ïdepth to Bedrock

3.0 to 3.5 m ïdepth to Groundwater



PHC Plume and LNAPL Extent

Plume:

PHC(F1): 2,000 to 10,000 ug/L vs 750 ug/L Std

PHC(F2):    500 to   2,000 ug/L vs 150 ug/L Std

LNAPL:

Sheen to 30 cm measured



Review of Analytical





The ISCO Years: 2015 to 2017

ÅAfter ISCO (In-Situ Chemical Oxidation)

ïLNAPL persisted

ïSignificant PHC concentrations remained

ÅFrom the consultantôs report

ïñincreasesé.are interpreted to be a result of the oxidative conditions causing 

mobilization to groundwater of contaminants from within the soil/bedrock 

matrix.ò

ïLikely correct, but

also likely back-diffusion



Focus of Remediation (Vertex in 2019)

Early Time Intermediate Time Late Time

LNAPL?

Donôt Fight It

Excavation

Back Diffusion?

Donôt Fight It

Trap and Treat® BOS 200®

Activated carbon-based approach





Excavation of LNAPL Area



Excavation of LNAPL Area



Injection Borehole Locations ï142 in total



Trap and Treat® Injection Completed (Fall 2019, Winter 2020)

Using a double pressure packer system

146,000 L BOS 200® amendment slurry injected

BOS 200® Injection Packer









Exceedances ïafter Trap and Treat® Injection

MWs Before:  0 of 22 clean ïBTEX, PHCs

MWs After:   21 of 22 clean ïBTEX, PHCs



Bedrock Case Study #1 Wrap-Up

Remediation of bedrock with PHCs (including LNAPL):

Å ISCO should only be applied after careful consideration

ïISCO has difficulty with LNAPL

ïISCO has difficulty with bedrock secondary porosity 

(especially with back diffusion)

ÅExcavation (in 2020)

ïDirect removal of LNAPL

ÅTrap and Treat® BOS 200® (2020 ï2021)

ïAdsorbs the PHC plume

ïTreats the PHC plume

ïDirectly addresses bedrock back diffusion

ÅResults (as of end of 2021):

ï21 of 22 MWs clean



Bedrock Case Study #2

Bedrock and Heavy Metals (Hex Chrome)



Background ïThe Situation

ÅConfidential site

Å A hexavalent chromium plating facility:

ïUnderground tanks containing with the chromium plating solution

ïTanks leaked

ïHistorical spills

ÅNeighbour does a Phase II ESA

ÅChrome contamination identified in bedrock groundwater

ïHexavalent chromium

ïTotal chromium

ÅBench and Pilot Scale testing completed

ïFull-scale designed and commencing November 2022









Cr6+ Standard = 140 ug/L

Hex Chrome = 2,300,000 ug/L

Reduction needed = 99.99%

Cr6+ Standard = 140 ug/L

Hex Chrome = 77,000 ug/L

Reduction needed = 99.8%

Is In-Situ Heavy Metals Treatment to >99.8% Possible?



Bench-Scale Testing with Site Groundwater

Hex Chrome Case Study



Hex Chrome ïBench-Scale Testing

Remediation Amendments Tested

ÅMolasses

Å FerroBlack®

Å Zero Valent Iron (ZVI)

ÅTrap & Treat® BOS 100®

Method

Å 1 L containers

ÅSilica sand and remedial amendment

ÅGroundwater added

Å Placed in dark, let sit one week, sampled


