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Challenges and Complexities of Megasites consultants

« Complexities:

Mixtures of chemicals with different fate and transport properties

Heterogeneous geological environments (e.g., layered systems with OOM
variability in hydraulic properties, fractured bedrock, preferential flow paths)

Multiple competing attenuation mechanisms (sorption/desorption, diffusion/back-
diffusion, DNAPL dissolution, volatilization, degradation, flushing and extraction)

« Challenges:

Multiple source areas, large, dilute plumes, co-mingled plumes

Primary (DNAPL) and secondary (sorbed/diffused) sources that constrain mass
transfer to dissolved/vapour phase

SSS spent annually =2 need to focus $SS where it provides best value (i.e., need to
know where the best value is...)
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Keys Considerations for MNA

» Source dynamics:
— Is NAPL present?

—  Will my contaminant preferentially sorb? Dissolve and flush away? Degrade? Diffuse into low
permeability material?

* Plume dynamics:
— Are there secondary sources that may be driving plume persistence?
— What mass removal mechanisms are active/inactive? Extraction? Degradation? Sorption?
— Are there preferential pathways for mass migration?

« Adapt to changing conditions
— Plumes and sources evolve over time

« “Forensic” and high-detail characterization tools provide a means of gaining this insight
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Tools In the Toolbox

consultants

Attenuation Assessments
CSIA

Treatability studies

Molecular biological tools
Abiotic mineral characterisation

Big Data Analysis

Trend evaluation

Predictive modelling
Uncertainty quantification
Multivariate Data Clustering

Mass/Flow Characterisation
Soil core sub-profiling
High-resolution tools

Tracer testing

Mass discharge/flux transects

Data Visualisation
2D/3D CSMs

Radial diagrams
Interactive mapping



Utilising “Big Data” Techniques to
Understand our Site Dynamics
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Big Data Analysis
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Attenuation
Assessments

Plume/remedial lifespan
projections Predictive
Monte carlo uncertainty Modelling

analyses

Data
Classification

Geochemistry radial plots
Mann-Kendall trend analysis
Degradation half-lives
Plume stability

Simplify, organize and classify
data

Fingerprinting
Source allocations

“Big Data” analyses can play a
key role in the following:

Developing the CSM
Diagnosing remedial progress

Understanding attenuation
behavior to support MNA/
remedial design/no further
action decisions

Predictive modelling for cost-
benefit analyses or uncertainty
analysis
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Visualising Plume Changes over Time
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Advanced Data Analytics: Making Sense Geosyntec®
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Principal Component Analysis Nonmetric Multidimensional Scaling

Multivariate
statistical tools
identified that a
downgradient area
was hydraulically
connected to
Source Area 1 and
not Source Area 2
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Mechanisms

Ry 4 %)




Geosyntec®

Characterising Biological Activity i

Next Generation Sequencing
* Semi-quantitative, comprehensive community profiles (non-targeted analysis)
* Changes in microbial community profiles may indicate changing microbial activity, inhibition

Quantitative Polymerase Chain Reactions (qPCR)
* Quantify concentrations of bacteria responsible for degradation of target contaminants (e.g.,
chlorinated solvents, aromatics, phenols, biphenyls, 1,4-dioxane) = targeted analysis

Functional Gene Assays
* Indicator of functional ability of bacteria (e.g., ability to degrade vinyl chloride; targeted analysis)
* Increasing number of commercially available tests for chlorinated solvents, BTEX, ethene, etc.

RNA Assays

* Indicator of bacteria activity levels (targeted analysis)
* Not commercially available, but may provide value at complex sites




Investigating Inhibitory Conditions Using
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Incorporating Multivariate Statistical Analyses
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Characterising Abiotic Attenuation
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Compound-Specific Isotope Analysis
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[" i . 3 ) )
Single Compound-Specific Isotope Fractionation
s et * Can provide information with regards to the extent of mass destruction, degradation rates
k=@-8)/ct | *Maybeimpacted by confounding factors (e.g., sequential degradation, other physical processes
v 0q e sych as desorption masking degradation isotope signature)
i T omows )
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| ;af",’i- m * Can better differentiate between different attenuation mechanisms (e.g. abiotic vs. biotic decay)
é_; | * Quantitative demonstration of degradation and other attenuation processes
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Confirming Dominant Attenuation
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Persistence of Primary Sources — Mass Geosyntec®
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Long-Term Importance of Secondary Geosyntec®
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Tying it All Together into a Remedial
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Remedial Strategy: Balance of Time and
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Target Mass Reduction

-\

Investment ——>

Time ———> Time ———>
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Multiple lines of evidence is generally better when evaluating a site
with complex chemistries, attenuation behaviour, and heterogeneity

Accuracy of the CSM is crucial to optimising return on investment

— Up front investment generally pays off in the end, but how do you prove that
to the client?

Do not forget the secondary sources — these may drive long-term
plume behaviour

Developing a remedial strategy may need to be an iterative process
as conditions change in often unpredictable ways




Questions?

+1 416-637-8746
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