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Dr. Beth Parker

Hej från Sverige (greetings from Sweden!), where I am currently residing as the Tage
Erlander Visiting Professor at Lund University. I am happy to say that 2021 was a landmark
year for our Institute, and I’m excited to share with you some of the highlights and new
developments from our ongoing research programs. But perhaps it makes sense to start by
introducing you to our Institute’s new name: We are now the Morwick G360 Groundwater
Research Institute, named in honor of Ted Morwick, who last year provided a 10 million
dollar philanthropic gift to secure the future of groundwater research at the University of
Guelph. This donation will have a threefold effects on the Institute: First, it will allow us to
establish the Morwick Chair in Sustainable Groundwater Research, a new endowed
research faculty position at U of G. Second, it will support student research assistantships
in water and climate change research, and the Institute's Innovation Fund. Finally, it
enables us to begin renovations and capital improvements to the Bedrock Aquifer Field
Facility, which will be renamed the Morwick Groundwater Research Centre. Groundbreaking on the new facility will begin later this year, and we are 75% of the way to fully
funding the renovations. When complete, it will be a vital new platform for outreach and
training, as well as a staging ground for our field research team and equipment distribution
to sites locally and around the world.
These funding developments have been matched by new progress in the field, with our
team continuing to engage in research projects here in southern Ontario, as well as
California, Wisconsin, Sweden, Brazil, the Yukon, and the Northwest Territories. In
November, we were awarded a new NSERC Alliance Grant, where the Canadian Federal
Government matches partner funding contributions for 5 years, to extend our subsurface
characterization efforts in the City of Guelph. Details of this ambitious new project, and
updates from our ongoing research programs, can be found in the enclosed pages of this
newsletter. Morwick G360’s outreach projects have similarly taken off, most recently with
our celebration of World Water Day in March, part of a worldwide recognition of the
importance of groundwater in mitigating climate change and satisfying the water supply
needs of a growing global population (the United Nations has declared 2022 the ‘Year of
Groundwater’). We likewise used this occasion to mark the 20th anniversary of the
Walkerton Inquiry Report, a monumental document which, in the face of tragedy, set
Ontario on the path toward better stewardship of groundwater resources.
I’ll leave you with the knowledge that I feel a personal sense of optimism about where
2022 will take us. Despite the extraordinary challenges we all faced in the last two years,
Morwick G360 is proceeding full tilt, building new connections and strengthening existing
collaborations. We are committed to finding better solutions to real-world problems in
contaminant hydrogeology and are pleased to have you join us in this endeavour.

Dr. Beth Parker,
Director,
Morwick G360

As always, we are grateful for the opportunities to work together with our sponsors,
partners and collaborators and we look forward to a conversation with you soon.
Sincerely,

Renderings of the new Morwick G360
Groundwater Research Institute, including
classrooms, teaching boreholes, and rock wall.
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The Morwick G360 Groundwater Research Centre, our
soon-to-be-built hub for groundwater research at the
university of Guelph, is designed to be a training ground for
new hydrogeologist and a showcase for new technologies,
while highlighting the valuable research we and our
partners are carrying out.
Aardvark Drilling, a contractor with roots in the Guelph
community and expertise in high quality drilling services,
has made a substantial contribution to the development of
the Morwick Groundwater Research Centre.
Aardvark and the Morwick G360 Institute have a long
history of collaboration, working together on various
projects in Wellington Region for over a decade. With this
contribution, Aardvark demonstrates an ongoing
commitment to evidence-based research, hands-on
training, and collaborative, sustainable best practices in the
field.
Aardvark Drilling and
Morwick G360 staff carrying
out fieldwork operations in
Elora, December 2020.

MPS installation, May 2021

The Morwick Groundwater Research Centre is now nearing
three-quarters of our fundraising goal, and there are more
opportunities available to support this endeavour. Contact
us to learn more.

Bedrock Drilling in Erin, November 2020.
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Meet Morwick G360’s Two Newest Faculty Members

Dr. Ferdinando Manna (left) and Dr. Jonathan Munn (right) have both received five-year
appointments as Assistant Professors in the School of Engineering at the University of Guelph,
and we are excited to have them join the Morwick G360 Institute as Principal Investigators. These
familiar faces – both were Postdoctoral Fellows and Research Scientists with Morwick G360
previously – will play a key role in advancing groundwater science and sustainability in the years
ahead.
Dr. Manna is a groundwater hydrologist with expertise in the assessment of groundwater
recharge rates in fractured rock. He studies hydrological processes occurring across the critical
zone from the atmosphere to the water table in fractured aquifers, especially in regions with
seasonally dry or semi-arid climates. For example, Dr. Manna has studied recharge conditions in
the southern Apennine mountains – the main source of drinking water for southern Italy –
measuring long term climate variability and water table fluctuations. Dr. Manna’s approach
includes combining field research – physical and chemical observations – with numerical
modelling at different temporal and spatial scales.
Dr. Munn is a contaminant hydrogeologist who specializes in the characterization of bedrock
aquifers. He applies various sensor-based field techniques to measure flow system properties at a
range of scales. He has carried out field research in the City of Guelph and surrounding area,
designing and installing monitoring wells and characterizing hydrogeological units to better
understand the bedrock aquifers that supply the region with drinking water. Dr. Munn brings with
him a wealth of knowledge regarding multilevel monitoring systems and innovative approaches
for measuring groundwater contaminants to inform remediation techniques.
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Dr Heather Murphy Joins the
Morwick G360 Team
In 2021, we welcomed Dr. Heather Murphy to
our team of principal investigators. As a Tier II
Canada Research Chair and Associate Professor
in the Department of Pathobiology at the
University of Guelph, Dr. Murphy has expertise
in water/wastewater treatment, water quality,
drinking water distribution, risk assessment and
environmental health.
After completing her PhD, Dr. Murphy worked
for the United Nations International Emergency
Children’s Fund (UNICEF) as a Water, Sanitation
and Hygiene Specialist in Mali and Madagascar.
While in Mali, she coordinated a $25 million
dollar Water, Sanitation and Hygiene (WASH) in
Schools program, covering 1000 schools, the
largest program of its kind in the world. She
returned to academia in 2013 and completed a
research fellowship with the Public Health
Agency of Canada where she focused on
quantifying the burden of waterborne disease
on the Canadian population.
Dr. Murphy now leads the Water, Health and
Applied Microbiology (WHAM) Lab at the
University of Guelph, where her research
focuses on four key areas related to microbial
quality of water and public health: 1. Surface
water quality and recreation, 2. The impact of
septic systems and agricultural activity on
private wells, 3. Microbial Ecology of drinking
water distribution systems and 4. Water and
Sanitation challenges in resource limited
settings. We are excited to have her aboard. You
can read more about one of her ongoing
projects later in this newsletter, where she is
studying the effects of private well water
treatment on children’s health.
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World Water Day 2022

Groundwater: Making the Invisible Visible

March 22, 2022 marked the United Nations’ ‘World Water Day,’ an opportunity to reflect on the
challenges, both local and global, that we face now and in the coming decades with regards to
groundwater protection and sustainability. 2022 also marks the 20 th anniversary of the Walkerton
Inquiry Report by Justice Dennis O’Connor, whose recommendations revitalized the province’s
water safety standards. To mark this occasion, Morwick G360 researchers, together with experts
from across campus and the local community, held a day long event that sparked valuable
conversations about the next steps in groundwater management, including ensuring safe drinking
water for First Nations communities and in private wells, and groundwater’s role in environmental
protection, food security, and agriculture. The diversity of challenges going forward is clear, but so
are the many interdisciplinary approaches available to solving these problems. Events like World
Water Day help build connections across areas of expertise. We hope to continue the conversation
with our colleagues at the University of Gulph, and that the momentum from the event builds a
sustained network of experts that will carry over into future research collaborations.
With thanks to our
collaborators:

Attendees take part in a panel on Water and Indigenous Communities, featuring research by Sheri Longboat
(University of Guelph), Dawn Martin-Hill (McMaster University), and Sue Chiblow (University of Guelph).
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World Water Day 2022:
Highlights
Dr. Jana Levison welcomes a combined audience of over 120
virtual and in-person participants to Morwick G360’s World
Water Day event on March 22nd. Bringing together
researchers, municipal governments, and industry experts, the
day charted a path forward for groundwater studies and
sustainable resource use into the next decade.

A campus-wide student poster competition was won by Sarah
Rixon for her poster on “Nutrient dynamics in the hydrosystem
of a Great Lakes plain setting.” Second place went to Oliver
Conway-White (What can the shape of a buried bedrock valley
tell us about the groundwater flow beneath it?) and third to
Cameron Myshok (Discrete fracture network numerical
simulations of a degrading TCE plume that threatens a nearby
supply well).
Keynote speaker Dr. Mark Borchardt (USDA) gives a talk
titled “Cows, People, and the Debate over Groundwater
Quality in Wisconsin, USA.” Dr. Borchardt shared data
captured in two groundwater studies in Wisconsin with
surprising results and explains the important policy
implications from the studies.

Bruce Davidson (co-founder of Concerned Walkerton
Citizens), speaks to the audience about the legacy of the
Walkerton tragedy and subsequent report, 20 years on.
Incredible progress has been made to ensure safe drinking
water in the province, but there is more work to be done,
especially in remote and Indigenous communities. The
research Morwick G360 and our partners and collaborators
are doing has real-world impact for achieving these ends.
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HALIFAX 2022

GAC-MAC-IAH-CNC-CSPG Joint Meeting May 15-18

May of 2022 marked the Annual Meeting of the Geological Association of Canada (GAC),
Mineralogical Association of Canada (MAC), the International Association of Hydrogeologists –
Canadian National Committee (IAH-CNC), and the Canadian Society of Petroleum Geologists
(CSPG), which took place in Halifax.
Several Morwick G360 members presented their research at this conference:
• "Assessing lateral and vertical hydraulic connectivity in a multi-layered sedimentary bedrock
aquifer using high-resolution, spatial-temporal monitoring in Erin, Ontario" by Finger, E.,
Kennel, J., Arnaud, E., Parker, B.
• “The Morwick G360 Fractured Rock Observatory (FRO): a bedrock borehole network to
advance hydrogeologic insights, method development & collaborations” by Munn, J., Parker, B.,
Pehme, P., Maldaner, C., Kennel, J.
• “Assessing Multilevel Seal Placement and Integrity and Measuring Flow Using Fibre Optic Active
Distributed Temperature Sensing (A-DTS)” by Brown, M.J., Kennel, J.R., Munn, J.D., Maldaner,
C.H., Parker, B.L.
• “The Advantages of Using High-Resolution Datasets in Groundwater Resource Investigations:
An Example in a Complex Moraine to Wetland Setting, Guelph, ON” by Stockford, A.S., Kennel,
J.R., Arnaud, E., Parker, B.L.
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2022 Battelle Chlorinated Conference

May 22-26, 2022, Palm Springs

After 2 years of cancelation, Morwick G360 was pleased to help support a series of Technical
Sessions and Panel Discussion on Remediation Geology and Process-Based Conceptual Site Models
at the Battelle Chlorinated Conference in 2022. Dr. Beth Parker helped to spearhead this initiative
with Rick Cramer from Burns & McDonnell. Robert Stuetzle of Dow Chemical, and Michael Bower of
The Boeing Company, both former Morwick G360 graduate students, were panelists. The sessions
were very well attended and generated a lot of good ideas and enthusiasm. The plan is to continue
this at next years Battelle Bio Conference in Austin TX.

Photos and content courtesy of Rick Cramer
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The 2022 Darcy Lecture at the University of Guelph
The Henry Darcy Distinguished Lecture Series in
Groundwater Science is run by the
Groundwater
Foundation
(https://www.groundwater.org/) and fosters
interest and excellence in groundwater science
and technology.
The Henry Darcy Distinguished Lecture Series
was established in 1986 and named in in honor
of Henry Darcy of France for his 1856
investigations that established the physical
basis upon which groundwater hydrogeology
has been studied ever since.
Each year, a panel of scientists and engineers invites an outstanding groundwater professional
to share his or her work with their peers and students through this lecture series. The Darcy
Lecture Series is most often presented at universities and professional associations
throughout the world.
Dr. Chen Zhu (professor of Earth and Atmospheric Sciences and the Haydn Murray Chair at
Indiana University) is a specialist in water’s reactions with minerals and rocks, exploring
interactions among the hydrosphere, lithosphere, and atmosphere.
Dr. Chen was named as the Henry Darcy Distinguished Lecturer for 2021-2022. In April of this
year, Morwick G360 was pleased to collaborate with the School of Engineering at the
University of Guelph to host Dr. Chen, who travelled to Guelph to meet with Morwick G360
researchers and gave a public talk on campus titled: “Hydrogeochemistry: Recent Advances
and Opportunities and Challenges Ahead.” The event was well attended and generated much
conversation.
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New Students and Postdoctoral Fellows
Hyun Kown (Duncan) Do joined Morwick G360 as a postdoctoral fellow working under Dr. Beth
Parker after finishing his PhD at Korea University. Duncan is interested in interdisciplinary
approaches and applies geophysical methods to study groundwater, combining surface and
airborne techniques to resolve the hydrostratigraphy of buried bedrock valleys.
Olenka Forde joined Morwick G360 as a postdoctoral fellow under Dr. Beth Parker in 2021. She is a
hydrogeochemist with expertise in gas transport and reaction processes in the subsurface. Olenka
has a PhD from the University of British Columbia. Her research uses large-scale field experiments
to characterize the subsurface transport and fate of methane leaking from oil and gas wells.
Felix Nyarko joined Morwick G360 as a PhD student working under Dr. Beth Parker. Felix has
degrees in geological engineering (BSc) and groundwater (MSc). Felix specializes in subsurface
characterization using geophysical methods and groundwater contaminant transport using tracers.
His research focuses on characterization of contaminant transport in porous aquifers.
Julie Zettl joined Morwick G360 as a PhD student working under Dr. Beth Parker. She received her
bachelors and masters in Civil Engineering from the University of Saskatchewan. Julie has worked
extensively with various industry and consulting companies. Her expertise is in geoenvironmental
engineering with an emphasis on water storage and transport in layered systems, contaminant
transport and the design of safe containment systems for various industry by-products.
Rachel Lackey started her Water Resources Engineering MASc with Dr. Levison in May 2021 after
completing her undergraduate degree in Geological Engineering at Queen's University. She is
investigating the origins of chloride in groundwater within the Credit Valley Watershed using ion
concentrations and isotopes at various sampling locations around the watershed.
Ilya Law is a first-year master's student in the department of Pathobiology working under Dr.
Heather Murphy. He finished his undergraduate degree in Biological sciences at the University of
Guelph. His research is focused on optimizing a new method of sampling aquatic environments for
biological contaminants using a device submerged in the water called a passive sampler.
Ashok Shaw is a postdoctoral fellow with Dr. Emmauelle Arnaud. He obtained his PhD degree from
the Department of Geology & Geophysics, Indian Institute of Technology Kharagpur, India. He has a
keen research interest in clastic sedimentology & sequence stratigraphy with particular emphasis
on their application to hydrogeology, urban underground storage and 3D geomodelling.
Kely Alejo worked with Dr. Beth Parker at the Morwick G360 Institute in 2021 as an IAESTE visiting
student. Kely worked on a research site in Halton Hills, collaborating with several graduate students
and researchers.
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New Students and Postdoctoral Fellows
Ahmed Elsayed joined Morwick G360 as a postdoctoral fellow in December 2021 working under Dr.
Jana Levison and Dr. Andrew Binns. Ahmed has a PhD in Civil Engineering from McMaster University.
His research is related to mathematical modeling and machine learning applications on water,
including groundwater and surface water, and wastewater systems.
Hannah May successfully defended her MASc in Water Resources Engineering in April 2022, under
the supervision of Dr. Andrew Binns and Dr. Jana Levison. Her research is focused on nutrient
transport and water quality in multiple components of the hydrologic cycle. You can read more
about one of her ongoing projects later in this newsletter
Marcus Johnson is a Master’s student under the supervision of Dr. Kari Dunfield. Marcus is working
on the Alice St. groundwater project studying microbial toluene degradation. He expects to defend
his thesis shortly and hopes to continue working in remediation.
Sarah Rixon joined Morwick G360 as a PhD student under the supervision of Dr. Jana Levison and
Dr. Andrew Binns. Sarah’s research focusses on the impact of seasonality on nutrient transport and
groundwater-surface water interactions under temperate climate conditions in an agriculturallyintense Great Lakes clay plain basin. You can read more about one of her ongoing projects later in
this newsletter
Juan Arce-Rodriguez started his Water Resources Engineering MASc under the supervision of Dr.
Jana Levison.

Ceilidh Mackie is working on her PhD in Water Resources Engineering under the supervision of Dr.
Jana Levison and Dr. Marie Larocque from UQAM.

Omar Garzon Mogollon is working on a MEng with Dr. Jana Levison and Dr. Emmanuelle Arnaud.

Christina Zeuner is working on a PhD with Dr. Jana Levison and Dr. Marie Larocque from UQAM.
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2021 Awards and New Positions

Dr. Beth Parker
2021 Elected Fellow of the
Canadian Academy of Engineering

2021 Robert N. Farvolden Award

Dr. Emmanuelle Arnaud
2021 Assistant Dean,
Graduate Programs,
Ontario Agricultural College

13

The Groundwater Project:
22 books published
>78,000 book downloads
>200 books scheduled
for publication by 2025

Morwick G360 TEAM

Dr. John Cherry (PI) and
Amanda Sills (Project Manager)

The GW-Project is supported by numerous industry
partners who are members of the Founding 50
program. These donations sustain the work of the
Groundwater Project. If you would like to join our
Founding 50 program please email Amanda Sills at
amanda.sills@g360group.org

The Groundwater Project (GW-Project) has
continued to make significant advances in both
educational and book content, with 22 books
currently published and another 12 soon to be
published. The project has expanded its network of
global experts with over 1000 volunteers writing,
reviewing and translating books. Translation into 32
languages is currently underway.

To view our 12 upcoming books and learn more
about the many volunteer opportunities that exist at
the GW-Project please visit: www.gw-project.org

Recent GW-Project publications include:
• Introduction to Karst Aquifers
• Fluoride in Groundwater
• Electrical Imaging for Hydrogeology
• Domestic Wells – Introduction and Overview
• Water Well Record Databases and Their Uses
Interviews with authors of recently published books
can be found on the GW-Project’s YouTube channel
along with GW-Project talks and sessions including
“II Making Groundwater Visible Event!” at
https://www.youtube.com/c/GroundwaterProject

Figure 2: II Making Groundwater Visible Event!

Sponsors, Partners & Collaborators:

Figure 1: Coming soon Groundwater-Project books.
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Morwick G360 TEAM
Glen Hook (MASc Student),

Hydrite 2020/2021
Degradation Study
Sampling

Jessica Bulova (Research
Associate), Dr. Jessica Meyer
(Co-PI), Dr. Beth Parker (PI)
Through the summers of 2020 and 2021, Mg360G360
continued its
degradation study and groundwater
sampling campaign in collaboration with its industrial
research partner, Hydrite, in Cottage Grove, Wisconsin,
USA. Groundwater from 115 ports at 9 Westbay multilevel systems (MLS) along a plume longsect were sampled
in 2020 for a suite of analytes to provide insight into the
state of degradation and redox conditions on site. In
2021, sampling continued for the same suite of analytes
for 249 ports at 13 MLSs and 32 conventional wells,
providing
comprehensive
updates
on
current
hydrochemical and contaminant conditions throughout
the plume.
Analysis of the 2020 longsect data at two MLS locations
(located 600 m and 1600 m downgradient of the
contaminant source, and on opposite sides of a hydraulic
barrier system in the vicinity of source zone and plume
front), shows significant hydrochemical differences
between the two locations, despite being located in the
same 10 m stratigraphic interval. The first MLS,
upgradient of the hydraulic barrier system, shows

reducing hydrochemical conditions and evidence of
degradation. Microbial qPCR analyses, conducted by the
University of Tennessee, show enriched communities of
dehalogenating bacteria, which display depth discrete
variability in populations internal to the conceptual
plume. This indicates natural dechlorination processes are
active in the bedrock aquifer. Downgradient of the
hydraulic barrier system, the second MLS shows aerobic
conditions with a lack of degradation products and less
hydrochemical variability with depth. Furthermore,
dehalogenating microbes were not detected along this
location. This study lays the groundwork for remediation
in the future, suggesting the need for specially curated
design and implementation for the two contrasting
locations.

Figure 2: Example array of samples taken from each MLS
port for degradation insights and hydrochemistry: VOC’s,
dissolved gasses, CSIA 37Cl, CSIA 13C, microbial filters,
cations, anions, metals, DIC, DOC, 2H/18O isotopes, and
34S/32S

Sponsors, Partners & Collaborators:

Figure 1: Sampling of depth-discrete, high-resolution
Westbay MLS.
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Source Zone Contaminant Mass
Estimation and Distribution
Between Different Phases

Morwick G360 TEAM

Dr. Saeid Shafieiyoun (Research
Associate), Michelle Leahey (MASc
Student), Jessica Bulova, Dr. Jessica
Meyer (UIowa), Dr. Beth Parker (PI)

The dissolved mass estimate is based on rock core
data that represents matrix porewater, in contrast to
groundwater concentrations that mainly represent
rapidly flowing fracture water. Although, the main
dissolved VOC components in groundwater and
matrix porewater are similar, higher mole fractions
of ketones in pore water suggest the generation and
accumulation of these highly soluble compounds
due to appropriate reducing conditions and
residence time for fermentation processes in matrix
blocks. Further evaluation of this mechanism, versus
ketones present in the initial contaminant release, is
a focus of on-going investigations. Additional
investigative efforts are taking place to estimate
contaminant fluxes at depth-discrete intervals in the
source zone using numerical modelling techniques
informed by high-resolution field-based datasets.
This work will provide insights into depth discrete
DNAPL saturation in fractures, and rates and
mechanisms driving the transport of contaminants in
this spatially complex system.

Assessing source zone mass and phase distributions
is the aim of this study between Hydrite, who is an
industry partner, and the NSERC Industrial Chair
Program. The contaminant is a dense, non-aqueous
phase liquid (DNAPL) composed of distinct organic
groups (including chlorinated ethenes, ethanes,
methanes, ketones, and aromatic hydrocarbons. In
2002, mass distribution in the DNAPL source zone
was assessed using the best available fracture
network characteristic and rock matrix property. In
2018, this original estimate was refined using
updated site-derived parameters informed by data
collected by University Consortium researchers to
have a more accurate understanding about the 2002
site conditions.

Early
Time

140000
Contaminant Mass [kg]

In 2021, the present-day contaminant mass and
phase distribution were determined based on VOC
concentrations within 571 depth-discrete rock core
samples with an average frequency of one every 30
cm collected along four bedrock boreholes cored in
2019 and augmented with results from two
boreholes cored in 2014. The use of intense highresolution samples provided an improved basis for
estimates of the present-day mass in the source
area. The total mass was determined 80-95% less
than that determined from the 2002 dataset. The
substantial reduction in source zone total mass can
be attributed to nearly 20 years of flushing of organic
compounds by groundwater evidenced by the
operation of a Hydraulic Barrier System and various
natural degradation processes. Additionally, the
estimate of the present-day mass is based on high
resolution depth discrete rock core data while some
of the parameters for 2002 estimates are based on
coarser scale field-based observations (e.g., depth of
contaminants and DNAPL saturation in fractures)
that affect the total mass calculations. Estimates of
current source zone mass distribution suggest only
38% of total mass remains as DNAPL and 55% is
dissolved phase with less than 7% as sorbed mass.
The remaining DNAPL is mostly present as very low
residual saturations DNAPL that cannot be mobilized.
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Figure 1: Significant reduction of contaminant mass within
different phases in 2019 compared to 2002 in 12 m
interval can be attributed to dissolution, degradation, and
effect of higher resolution rock core sampling.

Sponsors, Partners & Collaborators:
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Morwick G360 TEAM

Dr. Ken Walton (Research Scientist), Teresa Pilato
(Research Associate), Steven Chapman (Research
Scientist) & Dr. Beth Parker (PI)
Numerical modeling of plumes in fractured rock, from
initial contaminant releases to present-day field-observed
conditions, is a challenging but important methodology to
establish that all critical physical processes and hydrologic
features of the system are understood. This is the
strongest foundation for forecasting future plume
conditions under different scenarios and forming
quantitative arguments to inform corrective measures.
MG360 researchers, collaborating with industrial and
consultant partners and working towards the goals of the
NSERC Industrial Research Chair (IRC) program, are
creating discrete fracture-matrix (DFM) numerical models
to simulate migration of a volatile organic contaminant
(VOC) plume in an intensely fractured and faulted, porous
sedimentary rock system.
DFM simulations incorporate the role of contaminant
diffusion between the fractures and the rock matrix and
the enhanced transverse spreading of the plume due to
tortuous pathways through the fracture network. Both
mechanisms cause strong attenuation of contaminant
migration relative to groundwater flow rates. A key
aspect of IRC's General Conceptual Model of plumes in
fractured rock is to show and quantify this strong plume
attenuation using process-based DFM simulations.
Full 3D plume simulation in DFM is intractable due to the
computational requirements from the large quantity of
fractures and requisite spatial discretization needed to
capture the controlling processes. An innovative method
for 2D DFM simulation is being developed. It

Innovative Methods to Simulate
VOC Plume Migration History in
Fractured Porous Media

Figure 2: Example VOC plume in a 2D DFM transport
simulation showing attenuation from matrix diffusion and
tortuous flow paths. Locations of different concentrations
(log10C/C0 values) from local flux-weighted fracture /
matrix data show the internal plume architecture.
leverages high-resolution field data and plume flow paths
from equivalent porous media (EPM) numerical models
(specialized and calibrated to site geology and water
balance) to inform the 2D DFM simulation's domain size,
geology, and flow conditions along representative plume
transport paths.
The research site has been the subject of numerous rock
and VOC plume characterization and groundwater flow
studies over the past decades. A regional-scale EPM
groundwater flow model has been developed. Additionally,
a plume-scale “cut-out” model was produced, which
includes heterogeneity, depth discrete detail from
borehole logs of head and chemical concentrations, and
calibration to field-observed head that could not be
realized in the regional model.
The cutout model's particle tracks yield sequences of
geology, head, and flux magnitude in representative flow
pathways leading away from source zones. These data are
the building blocks of the 2D DFM domains where the
transport processes are simulated. At present, DFM
simulation results of VOC transport are matching well with
the plume delineation from high-resolution field data
based on cores and multilevel / conventional wells.

150 m
Figure 1: Example of a multi-segment, 2D DFM, with higher
intensity, longer fractures (teal), medium intensity, longer
fractures (olive), lower intensity, shorter fractures (purple),
and fault splay, fault core, and lithology interface fractures
(red). Fracture network statistics in each zone have been
manually or automatically calibrated to achieve fieldinformed bulk permeability, and EPM model-informed
head values and inflections with distance.

Sponsors, Partners & Collaborators:
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Improved Transmissivity and
Hydraulic Aperture Estimates for
DFM Transport & Fate Simulations
of TCE Plume in Dolostone

Morwick G360 TEAM
Cameron Myshok1, Patryk

Quinn2, Beth Parker3

MASc Candidate,2Senior Scientist 3Principal
Investigator
An industrial property in Guelph, ON serving as a
field research site since 2003 is the location of a
trichlorethylene (TCE) plume in a shallow, fractured
dolostone aquifer. This site has been used by
MG360 researchers since 2003 to advance the
development of bedrock aquifer characterization
methods with the goal of informing a 2D discrete
fracture-matrix (DFM) transport model for
predicting future plume conditions (Figure 1).
A critical parameter for these simulations are
estimates of hydraulic aperture based on the cubic
law and measured transmissivities (T) from depthdiscrete measurements. From 2004-2010, several
events of straddle packer constant head step tests
were performed with evolving methodologies for
continuous improvements. In the latter years of
testing, injection rates were significantly reduced
to ensure laminar flow, and pressure transducers
were added above and below the test interval to
monitor for leakage.
1

Transmissivity (m2/s)

(a)

Recently, these datasets were re-evaluated to
improve T estimates for each test interval. This was
accomplished by analyzing the quality of the test
(degree of laminar flow and leakage) and comparing
these with independent estimates from FLUTeTM Tprofiles, then correcting for leakage. The most
leakage occurred in MW-25, where the borehole T
decreased by 33%, while MW-26 and MW-367-7
decreased by 8% and 7%. Figure 2 compares how T
estimates changed over the years. Mean hydraulic
apertures calculated from core/televiewer logs using
the FLUTeTM and older packer test datasets were 97
µm and 157 µm, respectively. The mean aperture
calculated from the more recent packer testing
dataset was 200 µm. For this, a newer analysis
technique was used which relates the fracture count
of an interval to the critical injection rate at which
turbulent flow is induced.

Frequency

Frequency

(b)

1.20E-03
9.00E-04
6.00E-04
3.00E-04
1.00E-09

Aperture (µm)

MW-25

Aperture (µm)

MW-26

MW-367-7

(c)

Figure 2: A comparison of total transmissivity for select
boreholes as packer testing and analysis methodology has
evolved. FLUTeTM profiling estimates are also shown.

Sponsors, Partners & Collaborators:

Figure 1: (a) Hydraulic aperture distribution derived
from borehole packer testing, (b) 2D DFN modelaperture distribution, (c) A single, 2D fracture
network realization using site-derived fracture data.
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Morwick G360 TEAM

Tackling the Challenges of
Regional Groundwater Resource
Characterization and Monitoring

Colby Steelman3, Connor Gorrie1, Jesse
Brown, Emily Finger1, Andrew Stockford1,
Oliver Conway-White4, Pat Quinn2,
Jonathan Kennel2, Mansour Salek5,
Emmanuelle Arnaud3, Beth Parker3

At the Centre Wellington buried bedrock valley, a
geostatistical bootstrapping approach was developed
to translate AEM resistivity data collected
near Elora into lithologic units. Through a detailed
comparison of the AEM data with high-resolution
core logs, we assess the ability of this geophysical
approach to enhance detection and characterization
of regional-scale heterogeneities and features
relevant to groundwater flow systems.
Buried bedrock valleys are geologic features that
have the potential to influence groundwater flow
and enhance transmissivities via dissolution, or
hydraulic connectivity to deeper bedrock aquifers.
High resolution core logs are being interpreted to
determine the evolutionary history of a buried valley
south of Elora. Preliminary analysis of the core has
revealed a multi-story reef mound complex, which
laterally abruptly transitions to a thick accumulation
of carbonate mud. Fractures and vugs appear in
greater abundance near reef mounds, indicating
their possible contribution to groundwater flow.
Recently cored boreholes near Erin and Hillsburgh
were used to assess lateral and vertical hydraulic
connectivity across this multi-layered dolostone
system. Temporary transducer arrays installed
behind FluteTM liners in these boreholes were used
to record dynamic head responses to nearby private
and municipal pumping wells. High-frequency water
level measurements were filtered to remove the
effects of precipitation, barometric pressure, Earth
tides and domestic pumping. This study has revealed
important insights on vertical hydraulic connectivity,
the position and thickness of aquitards, and laterally
variable confinement in a multi-layered sedimentary
rock system.

MASc Candidate,2Research Scientist 3Principal
Investigator, 4Research Associate, 5PhD Candidate

1

Our understanding of regional groundwater flow
systems relies on the collection of geologic and
hydrogeologic data. These data are used to build and
constrain groundwater flow models. However, the
complexity of a geologic systems, whether it be in
the form of depositional or erosional heterogeneity,
can lead to ambiguity in the information gleaned
from hydrogeologic models and benefits from
multiple hydrogeologic and geophysical data sets.
The goal of this partnership between the University
of Guelph, Blue Triton, City of Guelph, Centre
Wellington, Town of Erin, Township of Puslinch,
Ontario, is to develop a transferable framework for
characterizing and monitoring regional groundwater
flow systems. This project is comprised of several
sub-regional investigations that focus on the design,
implementation and testing of multi-depth
monitoring systems for 4D flow system analysis.
Recent developments include: the creation of a
regional 3D geophysical model using airborne
electromagnetic (AEM) data; analysis of highresolution Quaternary and bedrock core logs; and
the advancement of a dynamic head monitoring
strategy using temporary deployments.

Sponsors, Partners & Collaborators:

Figure 1: Geoelectrical model of the Quaternary and
bedrock south of Elora from an AEM survey. Subcropping bedrock shown in red.
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Integrated Characterization of a
Multifaceted Remediation Approach
(Phytoremediation, Chemical
Injection, Thermal Degradation
Enhancement, Natural Attenuation)
for Risk-based Closure of a Toluene
Contaminated Site Overlying
Fractured Dolostone

Morwick G360 TEAM

Steven Chapman, Dr. Saeid Shafieiyoun,
Felix Nyarko, Oliver Conway-White, Dr.
Jonathan Munn, Dr. Jonathan Kennel,
Bradley Chapman, Kamini Khosla,
Marcus Johnson, Dr. Elizabeth Haack,
Dr. David Tsao, Marcus E. Johnson (MSc
Candidate), Dr. Colby Steelman*,
Ramon Aravena*, Dr. Neil Thomson*,
Dr. Joel Burken, Dr. Beth Parker* and Dr.
Kari Dunfield*

In Fall 2020, the original phytoremediation system
was removed (trees were overgrown and in poor
health) and the source area was excavated to the
bedrock surface (with soil, cobble and root sampling

conducted) and backfilled with clean sand materials.
Groundwater sampling was conducted of the existing
monitoring network to re-establish “baseline”
conditions in Spring 2021 following this site activity.
In Fall 2021, additional drilling was conducted with
18 new research holes, which were continuously
cored with discrete-depth sampling for toluene,
microbial characterization and physical properties.
Following geophysical logging and packer testing,
these holes will be instrumented with removable
multilevel systems, fibre-optic cables for A-DTS flow
system characterization, and multi-parameter
sensors. Additional instrumentation included vapor
monitoring points and soil moisture probes. Surface
geophysical logging (GPR, ERT) is also being
conducted to provide baseline for later comparisons.
Starting in Summer 2022, various tracer tests will be
performed assess fracture connectivity and
advection-diffusion interaction followed by chemical
injections and heat addition to enhance degradation.
The phytoremediation system will also be reestablished via planting of >250 trees (Salix
miyabeana SX64). The detailed monitoring network
will provide exceptional understanding of the system
dynamics and influence of various processes
affecting attenuation of toluene in the fractured
dolostone bedrock aquifer.
Cont’d on next page

Figure 1: Site views in Fall 2020 prior to tree removal
(trees planted 2015) and during excavation to bedrock.

Figure 2: Drilling in Fall 2021 and current site condition
and instrumentation prior to tree planting (Spring 2022).

* = Principal investigators
The goal of this partnership, between the University
of Guelph, BP and EcoMetrix, is to integrate several
enhanced attenuation approaches, in order to assess
their viability for remediating and managing risk of
petroleum hydrocarbon (PHC) contamination in
fractured, sedimentary bedrock. The project is in the
second phase of R&D with a five-year NSERC Alliance
Grant (2020-2025). In the first phase of research,
several key scientific findings were established: a)
demonstration of toluene phytoextraction by trees
and quantification of phytoextraction rates (BenIsrael
et al. 2020; 2121); b) delineation of the source area
and characterization of toluene phase and mass
distributions in fractures and rock matrix (Fernandes
MSc, 2017); and c) definitive evidence that plume
migration is strongly retarded due to diffusion and
degradation processes, with evidence for slow plume
retraction over time (Wanner et al. 2019).
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Cont’d from previous

offer insights into environmental and physical drivers
of toluene degradation and plume attenuation at this
site.
To capture the major site-specific remediation
concerns such as dynamic redox conditions,
substrate toxicity and to identify the bulk response
of indigenous microbial community in the rock to the
proposed enhanced attenuation technologies, a
series of benchtop microcosm experiments are being
performed. These tests provide insight into various
biogeochemical processes and their enhancement or
hindrance with different remediation practices
including persulfate injection, sulfate biostimulation,
and natural attenuation using an array of multidisciplinary analytical techniques such as
reagent/organic concentrations, hydrochemistry, and
environmental molecular diagnostics (EMD).

Microbial Toluene Degradation
Potential in a Toluene-Impacted
Shallow Bedrock Aquifer
Previous research at the site evaluated the efficacy of
phytoremediation
for
subsurface
toluene
attenuation, and measured site hydrogeological
conditions and plume behavior using multilevel wells.
This study assessed the relationship between aquifer
conditions and the ability of groundwater microbial
communities to degrade toluene. Groundwater from
Fall 2020 was studied for microbial degradation
markers. DNA and RNA was extracted from
groundwater and quantified to determine the
abundance and activity of ring-hydroxylating toluene
monooxygenase, toluene dioxygenase, phenol
hydroxylase, and benzyl succinate synthase (bssA).

In Fall 2021, two preliminary microcosm reactors
simulating natural attenuation conditions were
constructed and ran for 96 days. Temporal toluene
concentrations with a support of CSIA and microbial
analyses indicated individual effects of a number of
mechanisms and used to estimate different
parameters based on governing equation and
constrain the experimental design.

We found that absolute abundance of all toluene
degrading genes increased 151-fold in multi-level
well ports of very high toluene concentrations (>104
µg/L), 117-fold in ports of high toluene
concentrations (103 to 104 µg/L), and 205-fold in
ports of moderate toluene concentrations (102 to 103
µg/L) relative to background levels (<1 µg/L).
We plan to continue this area of research to
determine how plume characteristics influence
microbial toluene degradation. Results demonstrate
the complexity of the relationship between microbial
activity and toluene degradation in groundwater; and

Figure 2: Temporal toluene concentration within two
preliminary microcosm reactors showing the timeline for
adsorption and development of microbial community
under natural attenuation conditions

Sponsors, Partners & Collaborators:

Figure 1: Groundwater being filtered for downstream
processing for microbial assessment and genomic
extraction
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Steven Chapman (Research Scientist), Dr. Peeter
Pehme (PI), Ryan Kroeker (Senior Field Manager),
Dr. Jonathan Kennel (Research Scientist), Brad
Chapman (EIT), Beth Parker (PI)
The goal of this partnership between the University
of Guelph, Lund University, SWECO, Geosyntec, and
the Swedish Geological Survey (SGU) is to expand
the application of the Discrete Fracture Network –
Matrix (DFN-M) Field Approach (Parker et al. 2012) to
a former dry cleaner site in Sweden contaminated
with PCE. Initial, deeper investigations (60-70 m bgs)
in 2018-2019 (Fig. 1) showed presence of an aquitard
unit at 25-30m depth with high vertical hydraulic
gradients that limited deeper contaminant migration,
informed by detailed rock core VOC sampling. In Fall
2021, additional drilling was conducted with 11 new
cored holes, to further delineate the source area and
plume position with possible influences of faults.

DFN-M Investigations at a PCE
Contaminated Site in Sweden with
Complex Sedimentary Bedrock:
Improved Process-Based CSM and
Remedial Decision Making
The 2021 locations were continuously cored with
frequent sampling for CVOCs and physical properties,
geophysically
logged
(gamma
only)
and
instrumented with multilevel systems (G360MPS or
CMT systems). Unstable borehole conditions in the
upper part of the bedrock, where the majority of the
contamination occurs, precluded application of other
techniques. Locations and depths of new boreholes
were informed by earlier investigations. This detailed
delineation of the bedrock flow system and
contaminant mass and phase distributions provides
necessary understanding of processes controlling
source zone and downgradient plume evolution in
both the vadose and saturated zones. The mass
distribution and fluxes are being assessed using the
21-compartment model for fractured rock (Fig. 2) to
inform selection and implementation of remedial
technologies and to assess degree of attenuation of
the CVOC plume via natural processes within this
complex sedimentary bedrock aquifer. This
collaborative project is also promoting wider
application / adoption of DFN-M field techniques.

Results show that the source zone and plume
contaminant distributions have been strongly
influenced by diffusion and degradation processes
since releases occurred decades ago, with nearly all
mass present in the matrix as dissolved and sorbed
phase, with residual DNAPL only detected in poorly
cemented sandstone in the vadose zone. High
organic carbon contents including coal seams cause
substantial amounts of sorption in the rock matrix.
Monitoring along a downgradient transect shows the
plume width is relatively narrow with highest
concentrations confined to a small vertical interval,
and evidence of PCE degradation along the flowpath.

Figure 2: 21 compartment model for contaminant mass
storage and fluxes in fractured bedrock (from ITRC 2017;
https://fracturedrx-1.itrcweb.org/).

Sponsors, Partners & Collaborators:
Figure 1: Aerial site view during drilling in 2019.
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Steven Chapman (Research Scientist),
Dr. Jonathan Munn (Assistant
Professor), Dr. Beth Parker (PI)
The goals of this collaborative ESTCP funded project
(ER20-5026) between Arcadis, EnRx and Morwick
G360 are to demonstrate the Vertebrae™ horizontal
well system (Fig.1a; https://enrxinc.com/vertebrae)
for reliable monitoring of contaminant mass flux /
discharge from source zones, as an efficient way to
monitor high mass flux zones that are typically found
in specific horizons , with the following primary tasks:
1) Adapt and apply mass flux/discharge methods for
vertical transects to the horizontal Vertebrae
system and compare results from both;
2) Evaluate “longsect” orientation to assess changes
along the flowpath; and
3) Develop guidance regarding the technology
application, limitations, anticipated performance,
design considerations, and cost.

Groundwater and PFAS Mass Flux
Distribution Assessment in a Sandy
Aquifer using Multiple Tools &
Vertebrae™ Wells

Morwick G360 involvement includes review and input
on field methods used to assess groundwater flux and
PFAS mass distribution/flux/discharge along a vertical
transect to compare with Vertebrae estimates. Also,
the application of A-DTS FO sensing in both vertical
and horizontal deployments enhances links between
technology applications and performance evaluation.
Multiple tools were deployed along a previously
completed transect (Fig. 2) and plume longsect,
including co-located tools at a “golden spike” location:
a) Geoprobe HPT™ (Hydraulic Profiling Tool),
b) Geoprobe VAP ™ (Vertical Aquifer Profiling),
c) Geoprobe PST (pneumatic slug testing),
d) Borehole dilution tests for groundwater flux,
e) A-DTS using direct-push drivepoint deployed FOP

cables for groundwater flux,
f) Soil core collection w/ high resolution sampling for
PFAS mass distribution,
g) Solinst CMT™ multilevel well for groundwater sampling
and head profiles, and
h) Vertebrae horizontal wells (two levels along transect,
one level along plume longsect).

(a)

Together these tools will provide exceptional insights
on groundwater and PFAS flux / discharge as well as
highlight strengths / weaknesses of the different tools.

(b)

Figure 2: Prior vertical characterization along Transect at
Grayling AAAF (Quinnan et al. 2021).

Reference

Quinnan, J., Rossi, M., Curry, C., Hasbrouck, K., et al., 2021. Application
of PFAS-mobile lab to support adaptive characterization and flux-based
conceptual site models at AFFF releases. Remediation Journal, 31, 7–26.

Figure 1: Schematics of (a) Vertebrae™ well system
with multiple screen segments separated by grout
seals with independent connections to the surface
(essentially a nested well installed horizontally); and
(b) installation of Vertebrae ™ wells along plume
transect(s) or longsect for PFAS plume delineation.

Sponsors, Partners & Collaborators:

Arcadis →Craig Divine, Jesse Wright, Kristen Hasbrouck,
Patrick Curry; ENRx → Lance Robinson
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Dr. Peeter Pehme (PI)
Dr. Beth Parker (PI), Dr. Jonathan
Munn, (Assistant Professor)
Dr. Colby Steelman (Adjunct
Professor)

1- Hydrogeophysical Assessment of
Field Calibration Sites
2- Applying High Sensitivity Thermal
Techniques to the Investigation of
Deep Uranium Deposits

The Morwick G360 Institute for Groundwater
Research (MG360) and the Geological Survey of
Canada have collaborated in borehole data
collection since 2019 at MG360’s Fractured Rock
Observatory (FRO) on the UG campus and at the
GSC’s calibration facility Bells Corners, Ottawa
Ontario. The field work initially involved the
deployment and evaluation of a new, industrydeveloped borehole magnetic resonance (NMR)
instruments which make quantitative measurements
of water content in the bedrock surrounding the
boreholes.

The work with the GSC (Heather Crow, Dr. Hazen
Russel) expanded to hydrogeophysical field testing at
the Bells Corners borehole facility near Ottawa,
Ontario (Figure 1).
The research team is continuing to investigate the
details of rock porosity and assessing evidence for
interconnection and thereby permeability including
the use of CT scanning at the Institut National de la
Recherche scientifique (INRS) université laboratory
by Dr. Stéphanie Larmagnat (GSC). A seismic
reflection survey and NMR logging are planned for
the Elora area north of Guelph to better understand
the porosity-stratigraphy relationships in the fall of
2022.
The GSC and MG360 are collaborating within the
GSC’s Targeted Geoscience Initiative Program with a
study focused on the use of hydrogeophysical
techniques and high sensitivity temperature
borehole techniques to enhancing understanding of
the deep geothermal processes contributing to the
formation of Uranium deposits in northern
Saskatchewan and Alberta. While the early phases of
the working are focused on adapting existing
techniques to deep boreholes of limited diameter, it
is anticipated that these approaches will be
implemented at boreholes through deep uranium
deposits in the Athabasca basin in the summer of
2023.

Sponsors, Partners & Collaborators:
Figure 1: The borehole calibration facilities located in
Ontario, Canada. Geological base map from Ontario
Geological Survey (1993). Site geology and detailed
borehole layout for (B) MG360’s Fractured Rock
Observatory (Guelph) and (C) the Geological Survey of
Canada’s Borehole Bells Corners Facility (Ottawa).
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Dr. J. Levison, Dr. A. Binns, Dr. P. Goel (MECP), A. Elsayed
(PDF), E. Persaud (PhD Student), S. Rixon (PhD student),
S. Gardner (PhD student), H. May (MASc student), J. Leith
(Co-op student)
In the Great Lakes Basin, eutrophication in surface
water is a perpetual concern due to increased nutrient
loading particularly from agricultural lands.
Widespread algal blooms have negative affects on
human health, ecology and the economy. Changing
climate conditions are expected to affect hydrological
and biogeochemical cycles, impacting nutrient and
sediment transport fluxes in agricultural watersheds.
The primary objective is to improve understanding of
the underlying processes related to surface watergroundwater interplay, and spatiotemporal evolution
of nutrients (P and N) and sediment in all components
of the hydrologic cycle (soil water, tile water,
groundwater, creek, including in-stream sediment
transport) using an integrated monitoring and
modelling approach in an agriculturally-intense clay
plain system in the Great Lakes Basin.
The project began in 2017 as a collaboration with the
Ontario Ministry of the Environment, Conservation,
and Parks (MECP) and Ausable Bayfield Conservation
Authority (ABCA), with complementary project
funding from the Ontario Ministry of Food,
Agriculture and Rural Affairs (OMAFRA). New
publications include:
- Groundwater contamination risk assessment
(Persaud and Levison, 2021; J. Hydrology
- Geomorphological evolution of Parkhill Creek
(Gardner et al. 2022, J. Great Lakes Research)
- Investigating relationships between climate controls
and nutrient flux in surface waters, sediments, and
subsurface pathways in an agricultural clay
catchment of the Great Lakes Basin (2022 MASc)

Nutrient Transport in the
Hydrosystem of a Great Lakes
Clay Plain Setting Under Different
Climate and Land Use Conditions
Recently completed, May (2022) focused on nutrient
and sediment transport, identifying the importance
of tile drain and hyporheic exchange on nutrient
transport in the watershed.
There are several new areas of focus. Stable isotopes
of water are being used to identify seasonality of
groundwater-surface water interactions (Persaud)
and spatial variability of nutrient transport (Rixon) in
the watershed. A SWAT model (Gardner) and an
integrated model (Elsayed) are being developed
to simulate nutrient transport to the creek from the
land surface and via groundwater-surface water
pathways, including tile drainage dynamics. A
systematic review (meta-research) is being
conducted about nutrient transport in surface and
subsurface waters using a text mining approach to
quantify the most frequent topics covered in the
literature (Elsayed, Rixon). Machine learning
algorithms (classification and prediction) are being
applied to the Parkhill dataset (2017-present) to
determine the interdependence of contaminant
transport parameters (Elsayed).

Figure 2: Left: Elsayed collecting winter data in the Parkhill
watershed (Photo by: Rixon) Right: Word map of systematic
literature review (Elsayed)

Sponsors, Partners & Collaborators:
Figure 1: May and Rixon conducting fieldwork on
Parkhill creek (Photos by: Karen Whylie)
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WET Trial: Understanding the
Impact of Private Well Water
Treatment on Children’s Health

Dr. Heather M. Murphy (PI), Dr. Debbie
Lee, Dr. Jingwei Wu, Dr. Mark Borchardt,
Dr. Donna Denno, Dr. Phillip Tarr, Aaron
Firnstahl, Joel Stokdyk (MSc), Shane
McLoughlin (MPH)

A pilot study (funded by Pennsylvania’s Department of
Health) of 28 households was conducted from June
2020 to May 2022. Water, stool, and saliva sample
analyses are currently ongoing for the pilot study.
Preliminarily, evidence of fecal contamination (and in
some instances, human fecal contamination) could be
detected at many participants’ wells. Total coliforms
were detected at least once at all wells. E. coli was
detected at 43% of wells and Enterococcus was
detected at 29% of wells.

Dr. Murphy, jointly appointed at the University of
Guelph in Ontario and Temple University in
Pennsylvania (USA), is the principal investigator of a
new NIH-funded study in Pennsylvania examining the
impacts of private well water treatment on children’s
health. The study began in July 2021. Over the next
few years, the Wells and Enteric disease
Transmission (WET) Trial is enrolling 908 families
with children under five who rely on private wells.
Half the participants are assigned to a UV water
treatment device (intervention); the other half to a
sham device (control) that looks identical to the UV
system. Families are in the study for one year and
respond to weekly text messages and questionnaires
asking about symptoms of gastrointestinal and
respiratory illness in their children under five. Illness
incidence will be compared between the treatment
and sham groups to estimate the burden of disease
attributed to untreated well water consumption.

Figure 1: Dr. Murphy (PI) is pictured collecting an untreated
groundwater sample (~800 L) from a pilot participant’s
home using an ultrafilter.

A sub-cohort of families submit well water, stool, and
saliva samples for the study. Untreated well water
and stool samples are analyzed using qPCR/qRT-PCR
for the presence and concentrations of common
waterborne pathogens (bacteria, viruses, protozoa).
Well water samples are also analyzed for indicators
of fecal contamination. Saliva samples are collected
monthly and analyzed for evidence of recent
infection (immunoconversion levels) with common
waterborne pathogens.

Figure 2: Study device installed by
blinded installer at well water’s
point of entry into participant’s
home. Intervention and control
group devices are manufactured
by VIQUA, based in Guelph. UV
devices in the intervention group
are operated at a fluence of 50
mJ/cm2. All participants receive an
active UV device at study end.

Sponsors, Partners & Collaborators:
Funding from:

Co-investigators and advisory panel members:
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Tatianna Marshall, Laura Earnden and
Alicia Telepanich (MASc), Alejandro
Marangoni, Thamara Laredo
(Lakehead), Sameer Al-Abdul-Waheed
(Nuclear Magnetic Resonance Centre,
UofG) and Dr. Erica Pensini (PI)
Acetonitrile (AN), dimethylsulfoxide (DMSO),
dimethylformamide (DMF), tetrahydrofuran (THF)
and dioxane are water-miscible organic pollutants
present in groundwater and industrial wastewater.
We are using amphiphilic molecules to separate
these solvents from water. Separation is achieved in
vials, simply by adding selected amphiphiles to the
solvent-water mixture and hand-shaking the
solution.
Separation starts with emulsion formation, as shown
in Figs. 1-2. Depending on the solvent mixture and
the
amphiphile
used,
emulsions
either
spontaneously destabilize over time or can be
separated by centrifugation, yielding a water-rich
phase and a solvent-rich phase.
Selected amphiphiles also simultaneously separate
solvents and ions from water. Fig. 3 illustrates an
example in which Cu2+ and THF are separated from

Separation Between Miscible
Solvents
water , and other ions can also be separated (e.g.,
Cr(VI), Fe2+ and Mn2+).
Ongoing and future research will focus on expanding
the spectrum of solvents and ions that can be
separated from water, and on increasing the purity
of the water-rich phase separated from the solvents.

Figure 2: Droplets of water in THF, dyed with fluorescein
for visual clarity.

THF+Cu2+

water

Figure 3: Simultaneous separation of copper ions and
THF from water, using a suitable amphiphile

Sponsors, Partners & Collaborators:
Figure 1: Droplets of DMSO in water, dyed with Nile red
for visual clarity.
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Airborne Electromagnetic Survey to
Support Baseline Groundwater
Beth Parker (PI), Colby Steelman (PI),
Monitoring in the Liard Basin, NWT
Jonathan Munn, Amanda Pierce,
Olenka Forde, Julie Zettl, Oliver
Conway-White, Nathan Glas (MASc)

The Liard Basin is home to one of Canada’s largest
natural gas reserves. The basin spans the borders of
British Columbia, Yukon, and Northwest Territories. Oil
and gas development and its potential impact on
freshwater resources is of particular concern to
northern communities, many of whom rely on limited
access to clean drinking water.
Dr. Beth Parker, Dr. Colby Steelman, Dr. Bernhard Mayer
(University of Calgary), and Dr. Janok Ghattacharya
(McMaster University) with the Government of the
Northwest Territories and the Acho Dene Koe First
Nation based in the Hamlet of Fort Liard, have initiated
a baseline groundwater monitoring study around the
community of Fort Liard, NWT. An airborne timedomain electromagnetic (AEM) survey was flown
between Sep 14 to Oct 4, 2021, using the SkyTEM
304M system (Figure 1).
The survey consisted of one block spanning 65 km eastwest and 45 km north-south. The AEM data was
processed and inverted using a spatially constrained
inversion (SCI) in Aarhus Workbench (Figure 2). The SCI
algorithm inverts clusters of 1D AEM soundings
simultaneously to produce a smooth multi-layer model
of the subsurface electrical conductivity distribution.
The electrical
conductivity of the geologic

Figure 1: A picture of the airborne SkyTEM304M unit
towed by a helicopter on a ridged carrier frame.

formations within the upper 300 m of the AEM block
shows variations spanning several orders of magnitude,
with multiple continuous or semi-continuous geologic
layers. The AEM survey reveals a complex layered
geologic system marked by variable dips, thicknesses,
and structural features.
These AEM data will support the development of
future groundwater monitoring infrastructure needed
to understand baseline hydrologic and geochemical
conditions in this multi-layered sedimentary rock
sequence, focused on the Dunvegan Formation aquifer.
The next phase of work will involve outcrop mapping,
collection of continuous core, and completion of
groundwater monitoring infrastructure.

Figure 2: Inverted AEM conductivity model across Liard Basin. Depth of investigation is 300 m below ground surface. Note the
transitional horizontal banding from north to south representing alternating sandstone and shale units, and the dipping nature
of these layers as they onlap the Liard Thrust and Bovie Structure.

Sponsors, Partners & Collaborators:
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Graduations

Masters Graduates

Faran Vahedian, MASc (2021)
Primary Supervisor: Dr. Beth Parker
Thesis: Simulating Open Borehole Hydraulic Cross-connection in A Multi-layered Bedrock Aquifer System
Informed by High-Resolution Datasets
Current Position: PhD student, Colorado School of Mines
Brent Redmond, MASc (2021)
Primary Supervisor: Dr. Beth Parker
Thesis: FLUTe FACT™ Laboratory Studies on Uptake and Extraction Method Variability and Implications for
Field Performance.
Current Position: Groundwater Scientist at GEMTEC
Preksha Surana, MEng (2021)
Primary Supervisor: Dr. Beth Parker
Thesis: Augmenting Discrete Vertical Head Profile with Continuous Monitoring of Hydraulic Head to
Characterize Bedrock Aquitards
Current Position:
Hannah May, MASc (2022)
Primary Supervisor: Dr. Andrew Binns
Project: Climate Change Effects on Nutrient Dynamics in the Hydrosystem of a Great Lakes Clay Plain Setting

Dustin Brown, MASc (2022)
Primary Supervisor: Dr. Jana Levison

Daniel Nobel, MASc (2021)
Primary Supervisor: Dr. Jana Levison
Thesis: Temporal and Spatial Dynamics of Nutrient Retention on Conventional Farms in Southwestern Ontario
Current Position: TBD

29

Selected Groundwater-Focused MG360 PI Published Papers
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