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Objectives

1. Demonstrate effective protection of a 
receptor downgradient of the source 
area

2. Monitor source area contaminant 
concentration for regulatory 
compliance and site closure through 
MNA and complementary in-situ
remediation

3. Improve the CSM by collecting 
previously unavailable water and 
contaminant transport parameters
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The Site
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The Site
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The Site

▪ The surficial materials consist of glaciofluvial sands and 
gravels. 

▪ Borehole logs show granular materials, overlying cobbles, and 
then the bedrock.

▪ Static water level ranges from 5.8 to 6.0 m on the south, and 
0.3 to 1.8 m on the north close to the Lake.
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Contaminant Characteristics
▪ The Site has been operating since 1922 as a lodge (Residential and 

Parkland).

▪ Petroleum Hydrocarbons (gasoline, diesel, and fuel oils such as Bunker C)

➢ In 1995, four diesel USTs were removed

➢ In 2017 and 2021, three USTs were removed

▪ The impacted soils from the UST areas were removed7



The Site
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Contaminant Characteristics

The plan for the ERR was conceived after reviewing the 
2020 data

➢ Hydrocarbons within the vicinity of the Lake

➢ June 2020: benzene at three locations and some PAHs at four locations

➢ Trace levels of PHCs and PAHs9



Contaminant Characteristics
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Remedial Measures

A review of the 2020 groundwater monitoring indicated that the 
timeframe for natural attenuation was an unacceptable risk for the 
client. 

In January 2021, two remedial measures were applied

o A groundwater interceptor (reactive barrier) between the 
source and the Lake.

o Oxygen release compounds within the ‘hotspots’ and the 
former UST areas.
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Remedial Measures
Groundwater interceptor / ‘barrier wall’

▪ An activated carbon coated with electron acceptors was injected at 
15 points along a 36 m transect to intercept the plume

▪ The product we used is marketed under the tradename ‘PetroFix™’ 
from REGENESIS Bioremediation Products 

▪ Formed transverse line configured across the plume direction 
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Remedial Measures
Maintaining oxygenated groundwater within the ‘hotspots’ 

▪ Injected oxygen-release compound around hot spot wells (six 
injections at each location, and to the maximum depth or to the 
bedrock)

▪ The product used is marketed under the tradename ORC Advanced®
is also from REGENESIS and is a calcium hydroxide derivative
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Monitoring Methods

➢ Drive-point wells for nearshore monitoring

➢ Level loggers for nearshore and Lake level monitoring

➢ Passive Flux Meters – water and contaminant mass 
discharge measurements

➢ Well networks: background, source wells, interceptor 
performance wells, and Lake sentinel wells
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Monitoring Methods

Groundwater Passive Flux Meters (PFMs)
▪ Conventional K testing of those wells was problematic due to the 

sandy gravel-boulder fill underlying the Site.

▪ The K at the Site >10-4 m/s; cannot be measured by the in-well ('slug') 
testing method.

▪ Prior to 2022, groundwater velocity and the mass of groundwater-
transported contaminants were documented at a screening-level of 
reliably.

▪ In July 2022, we installed three PFMs.
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Monitoring Methods
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Monitoring Methods

▪ The PFM is a nylon mesh tube filled with a sorbent and tracer mixture. 

▪ They are inserted into groundwater MWs where they passively 
intercept the flow. 

▪ The tracer provides cumulative groundwater flux which can be used 
to calculate the linear velocity, and then the K.

▪ The sorbent provides time-averaged concentration of contaminants 
as opposed to the bailer method (or grab-samples).18



Monitoring Methods
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Discussion of Results

1. The interceptor’s performance

2. Contaminant concentration 

3. Concentration–time correlations versus 

groundwater elevations

4. Results from the PFMs
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Interceptor Performance

➢ The groundwater quality at the interceptor wells demonstrated 
the interceptor was effectively halting hydrocarbon migration
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Contaminant concentration 

➢ The groundwater quality at upgradient wells indicated a reduction of 
some hydrocarbon parameters mainly due to passive natural 
attenuation and some biodegradation
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Contaminant concentration 

➢ The groundwater quality at upgradient wells indicated a 
reduction of some hydrocarbon parameters due to passive 
natural attenuation and limited biodegradation
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Contaminant concentration 

➢ The groundwater quality at upgradient wells indicated a 
reduction of some hydrocarbon parameters due to passive 
natural attenuation and limited biodegradation
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Concentration–time correlations 

➢ Concentration–time correlations were hindered by cyclical 
concentration changes in PAHs in which higher concentrations 
correlate to lower groundwater elevations
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Concentration–time correlations 

Cyclical concentration changes in PAH

➢ Higher PAH concentrations correlate to lower groundwater elevations 
(R2 = -0.56 to -0.60)
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Concentration–time correlations 

Cyclical concentration changes in PAH

➢ Higher PAH concentrations correlate to lower groundwater elevations 
(R2 = -0.56 to -0.60)
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Results from the PFMs

Passive Flux Metre (PFMs) Monitoring Results 

28



Results from the PFMs

Measured groundwater velocities with PFMs were only one-third of that 
previously documented

• previously measured linear velocity was 17 cm/day

• PFM measured linear velocity is 6 cm/day
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Results from the PFMs
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Results from the PFMs

➢ Mass discharge at each PFMs well - PHCs

o i.e., total mass, moving per unit width of the local flow path 
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Results from the PFMs

➢ Mass discharge at each PFM wells - PAHs

o i.e., total mass, moving per unit width of the local flow path 
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Results from the PFMs

➢ Mass Discharge at each PFM wells 

o i.e., total mass, moving per unit width of the local flow path

o presented as a summation of BTEX and PAHs flowing within a 
metre width of the local flow path 
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Summary

1. The interceptor is effectively protecting the Lake. 

2. In general, a decrease in some contaminants of concern at the source wells 
was observed meeting the GW quality objectives of the ERRP. 

3. Concentration–time correlations were hindered by cyclical concentration 
changes in PAHs.

4. The PFMs enabled groundwater Darcy velocity to be measured more 
accurately and showed that the measured groundwater-transported 
hydrocarbons masses are proportionally lower, i.e., by about a third, than 
documented prior to the PFM's results.

5. Previously non-detect groundwater-transported hydrocarbons were 
detected by the PFM method's lower detection limit, refining the CSM with 
respect to mobile PAHs, i.e., dissolved- and colloidally-transported PAHs.
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Questions?


