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Subsurface Impacts

Contaminant Distribution vs Site Measurements
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Accuracy vs Precision
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“It is better to be roughly right than precisely wrong”




Overview

Background

High Res Characterization
— Laser Induced Fluorescence (LIF)
— Membrane Interface Probe (MIP)
— Hydraulic Profiling Tool (HPT)

Case Studies
- LIF
- MIP

Questions

Vertex Background

* Bruce Tunnicliffe
* Masters of Engineering — University of Waterloo
* In-Situ Remediation (permanganate & bedrock)

* Vertex Environmental
» Environmental Contracting
» High Resolution Characterization
* Remediation and Injection Services
* Remedial Design
» Implementation (bench, pilot, full-scale)




High Resolution
Characterization
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» Semi-Quantitative
» High Resolution

* Real Time




Laser Induced Fluorescence

for Pure Phase Contamination, LNAPL

o

Laser Induced Fluorescence

* Developed by US Army (‘90s) * Equipment
* UVOST: ultra-Violet Optical Screening Tool — Direct push (Geoprobe)
— Probe

— Fibre optic cable




« Semi-Quantitative
* High Resolution

* Real Time

Laser Induced Fluorescence

kerosene gasoline diesel oil

* Molecules absorb light (gain energy)
and then emit light (lose energy = fluoresce)

* Aromatic molecules (PAHSs) readily absorb and emit light




Laser Induced Fluorescence

3502 20nm 400+ 20nm 450+ 20nm

1.20

1.00

o
3

Intensity (normalized to max)
o
2

o
8

°
8

325 350 375 400 425 450 475 500 525
Wavelength (nm)

hthalene v pyrene
~ phenanthrene * benzo[e]pyrene

LIF Output

= o se we Dwihimi o o e

Cross Section of LIF Points




Membrane Interface Probe

for Dissolved Phase Contamination

e

Membrane Interface Probe

Nitrogen MIP:
Carrier
Gas * Dissolved Phase
VOCs and PHCs
VOCs to + Soil Type
Detector
\{ VOCs in GW and Soil
Probe
Body Semi-permeable
Membrane




Membrane Interface Probe

* Three detectors:
—  Photoionization Detector (PID)

Membrane
—  Flame lonization Detector (FID)
—  Halogen Specific Detector
(XSD)
Heater
Block + Electrical Conductivity
—  Used to determine soil
classification
EC Dipole

Depth (ft)

Conductivity (mS/m)
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Surface Gravel

Clays

Sily Clays

Electrical
Conductivity (EC)
» Soil classification

* Smaller grain sizes
have a relatively high
conductivity

‘Water Table

Clays with Silt
and Sand

Silty Clays

Clean Sand
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Hydraulic Profiling Tool

for estimating Formation Permeability
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HPT Flow Tube EC Connection (able

HPT Injection Port

HPT Probe Body

ECArray (4 pin)

PRl Al ol

Drive Point

Hydraulic Profiling Tool

» Direct Push
» Assess Groundwater Permeability

» Water Injected into the Ground
— Flow and Back-pressure measured

» EC: Estimate Soil Type
* Result: Hydraulic Conductivity

— on acm scale

High Resolution

How High is High Resolution?
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High Resolution

VS
Characterization Resolution Daily Data Points
Monitoring Well 1 screen 4
MIP 60 m/day x 30 cm 200
LIF 90 m/day x 1 cm 9,000
HPT 60 m/day x 1 cm 6,000
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High Res — Visualization
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High Res — Visualization

High Res — Visualization
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High Res — Visualization
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High Res — Visualization
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Case Study #1

Using High Res
to Define Contamination
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Case Study #1

Site details / background:
— Quebec
— By active rail yard
— Roads and rail all around Site
— Fuel leak: PHC impacts
— Small area but deep (10 m) PHC & LNAPL
— MPE system installed on-site
— High resolution to assist with vertical and horizontal

definition of PHCs

Case Study #1
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Historic Soil Concentrations vs %RE LIF Results
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Historic Soil Concentrations vs %RE — Outliers Removed
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Historic Soil Concentrations vs %RE — Outliers Removed
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Case Study #1

» Clean-up Criteria = 3,500 mg/kg PHCs
* Linear correlation: 3,500 mg/kg = ~88 %RE
» Logarithmic correlation: 3,500 mg/kg = ~97 %RE

« Take Away — Based upon LIF we can:
+ Effectively plan remediation and/or RA
* Look for PHC seams
+ Plan MPE and/or excavation with confidence

e
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Case Study #2

Using High Res to Define ISCO

Residential

Case Study #2

|
| \ Groundwater 7/
| Area of Interest “=\ _Flow Direction //
| 4
: £ 677 (|

2 W 1= 7 44 /
| | & demle [ - vy /4 £
I . . o ] . . e Il // . ,,
| b o"__ . Foimer // /::,-:.-_ s
: L R N2 Property
l e ola e - Boundary.:
I P o
i

$

l

24



LIF Results
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Characterization — Visualization

Characterization — Visualization
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Characterization — Visualization
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Characterization — Visualization

1608

27



Characterization — Visualization
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Case Study - Oxidant Loading Rates

Original Design
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MIP Results

MIP PID Results
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Fall 2011
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MIP PID Results

Interim MIP sampling

Fall 2011
Black Line

After Partial ISCO

Summer 2012
Green Line

Location
East Edge of the Core of
Injection

MIP Results
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Case Study — Analytical Results

Parameter
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Groundwater
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Case Study — Analytical Results
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Conclusions / Summary

“It is better to be roughly right
than precisely wrong”

High Resolution Characterization:

* LIF: free phase =1 cm resolution

+ MIP: dissolved phase = 30 cm resolution

» HPT: groundwater permeability = 1 cm resolution

» High res data — produce 3D visualization

Questions?

Thank You for
Your Time

Bruce Tunnicliffe
Vertex Environmental Inc.
(519) 653-8444 x304
(519) 249-9184 mobile
brucet@vertexenvironmental.ca

www.vertexenvironmental.ca
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