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BACKGROUND

ÅGasoline Station from 1970sto 2001

ÅSix USTs totaling approximately 20,000 gallons

ÅGasoline, diesel, kerosene, used oil

ÅThree reported releases in 1998 ς1999

ÅMultiple investigations and monitoring from 1998 to 
present



GENERAL SITE SETTING

ÅSmall town in northern Macomb County, MI

ÅCommercial and residential properties 
adjacent to Site

ÅMunicipal water supply, but many private 
wells

ÅNearby Belle River (1/2 mile)



½hha LbΧ

Åά{ƛǘŜέ ƻƴ ǿŜǎǘ ǎƛŘŜ ƻŦ a-19 (Main Street)

ÅFormer (and current) UST basin

ÅResidential dwellings, with basements, on 
east side of M-19

ÅSparse residential and wooded land to east

House

House

Site



PRIOR INVESTIGATIONS

ÅInitial Assessment Report ς1998

Å15 Monitoring wells (MW-1 thru MW-15 installed on and around Site and on east 
side of M-19

ÅGroundwater at 42 feet bgs, flowing to east

ÅUp to 3 feet of LNAPL in 4 of 15 MWs, migrating under M-19

ÅAdditional Investigation ς2000 ς2012

ÅPeriodic groundwater monitoring

ÅLNAPL monitoring (Free Product Reports)



PRIOR REMEDIAL ACTIONS

Åά9ƴƘŀƴŎŜŘ ŦƭǳƛŘ ǊŜŎƻǾŜǊȅέ όŀ vactruck) 1998 ς2000

Å~8,000 gallons water/product recovered

ÅManual bailing 2000 ς2004

ÅAdditional ~200 gallons recovered

ÅNo soil remediation

ÅNo groundwater remediation



ÅMDEQ took over in 2013

Å Contracted RI/FS

Å 10 additional soil boring/monitoring wells 
(MW-16 thru MW-25) installed on east 
side of M-19 at residential properties

Å LIF for LNAPL Delineation Soil Gas Survey 
for Vapor Intrusion

Å Periodic monitoring

REMEDIAL INVESTIGATION





REMEDIAL INVESTIGATION RESULTS

ÅPrimarily 10 feet of clay overlying fine to medium sand, tight

ÅGroundwater at 43 to 47 feet bgs

ÅFlowing to east at ~ 1.7 cm/sec (0.05 ft/day)

ÅDissolved petroleum plume extends under and beyond residential properties

ÅUp to 3 feet of LNAPL in 7 of 25 MWs, including under residential properties

ÅLIFconfirmed extent of LNAPL plume: ~250 feet east to south-east of source

ÅNo vapors detected near residences above screening levels





OCCURRENCE OF LNAPL

Åa²Ωǎ01, 02, and h²Ωǎ01, 02 on west side

Åa²Ωǎ10, 12, 18,19, 23 on east side

ÅUp to 2.5 feet thick in wells 10 and 18

ÅMigrating



CONCEPTUAL SITE MODEL

ÅCONTAMINANT SOURCES

ÅUSTs and associated piping located on the Site

ÅGrossly contaminated soils in the area of the USTs

Å LNAPL plume

ÅDissolved plume

ÅPOTENTIAL RECEPTORS

ÅOn-site subsurface construction workers

Å Three residential properties located east of the site

ÅAdditional downgradient residences

ÅWater supply wells approximately 0.5 mile east of the Site

ÅBelle River, located approximately 0.75 mile east of the site.

ÅPOTENTIAL EXPOSURE PATHWAYS

ÅDirect Contact of contaminated and potential saturated soils on-site

ÅDrinking Water at off-site water supply wells

ÅVapor Intrusion into nearby residential

ÅGSI from dissolved and LNAPL plume migrating towards Belle River

ÅCSM as developed in 2013

ÅIdentifies areas of greatest risk to be 
addressed 







RISK SUMMARY

ÅPrimary: Exposure risks from migrating LNAPL

ÅPrimary: Exposure risks from existing USTs and grossly 
contaminated soil

ÅSecondary: Risks from soil and dissolved contamination



FEASIBILITY STUDY

ÅEvaluated highest risk alternatives, not Site 
closure (yet)

ÅUST removal

ÅSource soil removal

ÅLNAPL destruction using In-Situ Chemical 
Oxidation (ISCO)



UST AND SOIL REMOVAL

ÅJuly 2014

ÅThree fuel and one used oil

ÅTanks pitted and holes

ÅRemoval coincided with UST 
replacement

Å200 tons of soil removed



¢I9w9Ω{ ȅƻǳǊ 
ǇǊƻōƭŜƳΧ



ISCOLNAPL 
DESTRUCTION

ÅThe most expedient and cost effective 
method for this Site

ÅPilot study in 2015

ÅTwo events conducted in March and 
August 2016



ISCOTECHNOLOGY

ÅInjection of Klozur- sodium persulfate 
catalizedwith sodium hydroxide

ÅCapable of oxidizing a broad range of 
recalcitrant compounds and LNAPL

ÅInjected using direct push technology 
(DPT) and/or injection wells, with 
simultaneous extraction from nearby 
wells

Åάtǳƭƭǎέ ŎƘŜƳƛŎŀƭǎ ǘƘǊƻǳƎƘ ǘƘŜ  
formation



ISCOPILOT STUDY

ÅAugust 2015

ÅInjection at five DPTpoints, 35 to 48 feet bgs

ÅExtraction at one well

ÅFail: three DPTpoints with very low volume acceptance, two with refusal

ÅPermanent well (MW-26) was used as an injection point as a trial

ÅSuccess: ~900 gallons into well and 500 ppm persulfate observed at 
extraction well 40 feet away

ÅChange in original strategy to using permanent injection points



ISCOINJECTION #1

ÅLƴǎǘŀƭƭŀǘƛƻƴ ƻŦ нл ƛƴƧŜŎǘƛƻƴ ǿŜƭƭǎ όнέύΣ 5ŜŎŜƳōŜǊ нлмр

ÅInjection at 6 points on west side, then 14 points on east side

ÅAbout 3 days of injection, March 2016 

ÅTotal of ~ 9,000 gallons injected 

ÅStrategic extraction at 10 points

ÅPeriodic checks for 2 months showed major reduction in LNAPL

ÅSubstantial LNAPL remained, second round recommended




