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Our field season is well underway, but I want to use our 2018‐2019 newsletter to tell
you about our many projects and successes over the past year. In keeping with our
G360 Institute mission ‘to advance groundwater science through highly collaborative
and multi‐disciplinary, field‐based research’, we are pleased to highlight our projects
and partners associated with our progress. The activities we are featuring are
examples that encompass our research themes; from high resolution technology
development, to fundamental process insights from a range of measurement scales,
informing our site conceptual models and decisions. Relevant topics from
contaminant transport and fate in complex bedrock aquifer systems informing
wellhead protection to aquifer restoration and protection are addressed, with a
variety of methods and site hydrogeologic conditions. We find excellent synergy
combining insights from both the fundamental scientific questions in relation to the
practical issues, while improving our understanding of groundwater system
behaviours.
The articles in the following pages demonstrate the variety of technologies used for
data collection and applied in various hydrogeologic environments around the
globe; at sites as far away as China, Sweden and France and as close as downtown
Guelph, and our neighbouring communities in Puslinch, Cambridge, Erin and Elora.
We continue research over decades at multiple sites in South Carolina, Wisconsin
and California regarding the rates of source zone and plume attenuation for
contaminant conditions resistant to rapid engineered remediation. These insights
are intended to improve numerical models used to assess risks and cost
comparisons. We invite you to enjoy our mini‐stories with photographs of the field
sites and crews at work, and hope to provoke some ideas about future
collaborations. We also tell you about recent graduate student thesis completions
and publications, available by request.
In 2018, we were pleased to mobilize our G360 Institute
Advisory Board and to announce the success of two
important Natural Sciences and Engineering Research
Council of Canada (Federal) grants awarded for 5‐years, for
a total of $5.6 Million. We are also excited to have the
University of Guelph’s support to complete our vision for
our Groundwater Discovery Centre and international hub
for bedrock groundwater research collaborations; the
Bedrock Aquifer Field Facility (BAFF), for advancing knowledge transfer. We are
officially fund‐raising for this unique facility that we’ll use for technology
demonstrations, professional training, and community outreach. We encourage you
to get involved with us here at the G360 Institute at the University of Guelph.
Finally, I would like to thank all our sponsors, partners and collaborators for their
commitment to our vision and mission, jointly 'pursuing science, protecting
groundwater’. It takes a large team with a common vision and complementary skills
to make progress together! Thank you for participating and we look forward to a
conversation with you soon.

G360 Advisory Board &
Inaugural Meeting
The G360 Advisory Board was established in 2018 and held its inaugural meeting February 28, 2018. The board
provides strategic input to the G360 Directorship on a variety of matters relating to the Institute’s vision and
mission, and its relationship to the internal (University of Guelph) and external environments. Meeting topics in
2018 and 2019 included discussions on reviewing and updating the G360 business plan, annual reporting
requirements, the Bedrock Aquifer Field Facility (BAFF) fundraising efforts, and finalizing the terms of reference
for the board.

The G360 Advisory Board facilitates
annual and ongoing scientific,
innovation, training and operational
strategies and workplans, in
addition to providing input on G360's
positioning, branding and marketing
strategies.

Meetings:
February 28, 2018
September 19, 2018
April 24, 2019

G360 Advisory Board members and Dr. Parker: From left: Bill Mullin,
Karina McInnis, Joanne Thompson, Beth Parker, Mary Wells, Rene Van
Acker, and Dave Mercer. Not pictured: Catherine Creber.

Advisory Board Members
Internal Academic Members (University of Guelph)
Rene Van Acker | Dean, Ontario Agricultural College
Mary Wells | Dean, College of Engineering and Physical Sciences
Karina McInnis | Associate Vice‐President (Research Services)

External Members
Bill Mullin| Business Development Manager, ICS LTD., Guelph
Catherin Creber | Environmental Specialist, Jacobs CH2M, Sarnia
David Mercer | Principal, Underground Communications, Vancouver
Joanne Thompson | Senior Hydrogeologist, Burnside Associates, Newmarket
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Welcome Karina McInnis,
out newest Advisory
Board member!

Students

New Team Members in 2018

Brent Redmond completed his undergraduate degree at the University of Ottawa in Geology. After
working with the G360 Group as a research assistant for the summer of 2018, Brent began a MASc degree
focused on demonstrating whether the FLUTe FACTTM provides a cost‐effective and useful measure of in‐
situ contaminant and mass flux distributions in fractured rock.

Oliver Conway‐White graduated from the University of Waterloo with a BSc in Earth Science (Geophysics
Specialization). Oliver’s MASc thesis involves combining multiple geophysical techniques (both surface and
airborne) to resolve the hydrostratigraphy of a buried bedrock valley in Elora, Ontario.
Nathan Glas is a MASc student focusing on conducting a baseline groundwater quality study in the
Northwest Territories portion of the Liard Basin with the goal of obtaining an understanding of the
hydrochemistry, flow system and aquifer vulnerabilities. Previously he completed his undergraduate degree
in the Department of Earth Sciences at Dalhousie University.

Mansour Salek has recently completed his Master of Engineering in Water Resources from the University
of Guelph, specializing in groundwater vulnerability analysis. He is pursuing a PhD in Water Resources
Engineering with a focus in non‐point contamination transport in bedrock aquifers.

Staff
Sarah East is an undergraduate student in Biological Engineering with a minor in Environmental
Engineering at the University of Guelph. During her time at G360 as a summer research assistant, Sarah
focused on leveraging her academic background, enhancing her technical skill set in a dynamic research
setting, and being inspired by the team.

Benjamin Preisner studies Chemical Engineering at the University of Tulsa and joined the G360 Group as a
summer research assistant studying a DNAPL contaminant with the goal of enhancing mobilization for a
more effective pump and treat process.

Alex Coates graduated from the University of East Anglia, UK with a BSc degree in Environmental
Geophysics. He joined the G360 Group as a research intern for 8 months specializing in data management
and laboratory analysis.

Luis Rios completed an International Business Management Degree and also has a diploma in Supply Chain
and Operations Management. He joined the G360 Group in 2018 as the Purchasing Coordinator and is a
procurement specialist.

Katelyn Wanka has a Masters degree in Bioinformatics from the University of Guelph. She joined the G360
Group in 2018 as the Information and Communications Coordinator. Her role focuses on internal and
external communication and data management.
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Students

New Team Members in 2019
Andrew Stockford completed his BSc in Earth & Environmental Science at McMaster University with a
minor in GIS. He is looking forward to developing his skills as a hydrogeologist within the G360 research group
as an Intern for the summer of 2019, and as an MASc student in the fall.

Connor Gorriee graduated from the University of Waterloo with a BSc degree in Geophysics. He is
interested in learning more about the applications of geophysical methods to obtain information on
hydraulic properties in different subsurface systems as a summer Intern, and as a MASc student in the fall.

Glen Hook is a recent graduate from the University of Wisconsin‐Eau Claire where he majored in geology,
emphasizing in hydrogeology and water chemistry, and minored in environmental science. Glen is an Intern
for the summer of 2019 and will transition to an MASc student within the group in the fall.

Staff
Ann Garniss is a content strategist and technical writer who specializes in knowledge capture and sharing.
At G360, her role as the Grants and Publications Manager focuses on ensuring document consistency and
simplifying knowledge management strategies.
Violaine Ponsin joined the G360 Group as a post doctoral fellow in January 2018. Violaine completed her
PhD at Aix‐Marseille University on the natural attenuation of crude oil in the La Crau aquifer and
specialized in Compound‐Specific Isotope Analysis (CSIA) applied to environmental contaminants. As of July
2019, Violaine is an Assistant Professor at the Université du Québec à Montréal (UQAM).

Carlos Pena recently completed his MEng in Water Resources at the University of Guelph with a focus on
the effects of different drilling techniques in Acoustic Televiewer log interpretations. He will continue his
research as a Research Assistant with the G360 Group.

Brandyn Leitert completed his BSc in Environmental Sciences with a Certificate in Business at the
University of Guelph. He is very interested in Earth Sciences and is hoping to network and gain practical
experience in the field of groundwater research as a Research and Field Assistant in the G360 Group.
Philip Taylor is the Equipment Technologist for the G360 Group with manufacturing and construction
experience. Phil is a licensed millwright and has extensive experience with machine shop, automated
machinery, electrical, pipe fitting, hydraulics, pnuematics and construction trades.

Jean‐François Doyon completed his Bachelors degree in Accounting and obtained his Chartered
Professional Accountant designation from the University of Sherbrooke, which allowed him to accumulate
extensive corporate and international accounting experience.
Bruna Sousa is a G360 Laboratory Technician and has a Biotechnology Diploma from Conestoga College and
extensive experience in overseeing and implementing analytical processes, striving towards a healthy
operating lab, including team collaboration and cross‐departmental involvement.
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Outreach 2018
HopeSpring Bonspiel
On March 4th, the G360 Group competed in the Earth Sciences Alumni
Corporate Challenge (EarthSACC) Curling Bonspiel, a fundraising event for the
HopeSpring Cancer Support Centre.

College Royal
Our team always looks forward to connecting with the public at the
University of Guelph’s open house weekend, College Royal. Held on March
17th and 18th, the G360 Group hosted a booth complete with examples of local
Guelph rock core and aquifer demonstration tanks.

H2O Go Festival

The G360 Group exhibited at the annual H2O Go Festival held at the Old
Quebec Street Mall on March 24th. This event draws families from all over
Guelph to learn the latest in local water and energy conservation.

Moffat Creek Public School
Moffat Creek Public School in Cambridge invited the G360 Group to help enrich science learning to a Grade 4 class
on April 5ᵗʰ. Students were taught about hydrogeology to compliment their Rocks and Minerals unit, and learned
about post‐secondary study options.

University of Guelph Interaction Conference
Geared towards senior high‐school students, the Interaction Conference was
held April 25ᵗʰ and 26ᵗʰ. The G360 Group brought a sense of mystery and
adventure to the 2018 workshop through hands‐on detective work involving
groundwater science and engineering.

Waterloo‐Wellington Children’s Groundwater Festival
The Waterloo‐Wellington Children’s Groundwater Festival is a week long event that allows children to get
involved in a variety of activities related to groundwater and their environment, incorporating fun and excitement
to foster remembrance. On May 25ᵗʰ to 31ˢᵗ, the G360 Group demonstrated the work we do in groundwater
remediation and protection.

Linamar FAST Meeting
Held on September 12th, the Linamar FAST Meeting was hosted for their
global senior managers and corporate leaders interested in water and
environment issues. The G360 Group prepared an information booth about
our Bedrock Aquifer Field Facility (BAFF) and research to share with
attendees.
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G360 PROJECT TEAM
Dr. Beth Parker, Dr. John Cherry,
Dr. Carlos Maldaner, Kenley
Bairos, Dr. Jian Guo & Dr. Qiang Xu

G360 Collaboration with the State
Key Laboratory of Geohazard
Prevention and Geoenvironment
Protection (Chengdu, China)
One such method is the "Monitoring, early‐warning
and decision support system of geo‐hazards"
platform currently in‐use at a Chengdu University of
Technology research site, which assesses landslide
risks in real‐time by monitoring and transmitting
groundwater pressure data using remote data
transmission. Currently, this system only monitors
osmotic pressure measured over one depth interval,
and therefore, overlooks important hydraulic head
changes that occur over small vertical intervals
(Meyer et al., 2008; 2014). The goal of this project
and collaboration was to add two new multiport
monitoring wells to the existing monitoring system
that can produce real‐time measurements of
formation pressure at several, depth discrete
intervals above, within, and below the landslide slip
surface. This was accomplished by installing two
multi‐level systems directly into the landslide
surface: a seven port CMT well fitted with
transducers and a buried string of six pressure
transducers. Both systems were connected to a
solar‐powered data transmission unit able to provide
data in real‐time to our colleagues in China. Field
work was completed by two G360 staff with the
assistance of students and staff from the Chengdu
University of Technology.

This project, in collaboration with the State Key
Laboratory of Geohazard Prevention (SKLGP),
Chengdu University of Technology, focuses on the
development of an enhanced monitoring and early‐
warning detection system of geologic hazards using
real‐time, depth‐discrete groundwater pressure data
from multi‐level systems.
Landslides can be triggered by an increase in
groundwater pressure following heavy rainfall
events. This poses a significant risk in the rural areas
of China, where villages are often located in landslide
prone areas that experience significant rainfall
events during the wet season. For this reason,
considerable research has focused on understanding
the influences and timing of the groundwater
pressure conditions that lead to landslide events
with the goal of developing new methods for
assessing landslide risks (Xu et al., 2016).

This new type of instrumentation will provide unique
information regarding the nature of groundwater
flow through the sedimentary rock following rainfall
events at the site and may provide a new tool for
monitoring landslide environments in real‐time
throughout China.

Figure 1: A view of the landslide site in the distance with
vulnerable village in foreground.

Sponsors, Partners & Collaborators:

Figure 2: Installing instrumentation.
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Building for Our Future: The Next
Phase of the Bedrock Aquifer
Field Facility (BAFF) at the
University of Guelph

G360 PROJECT TEAM
Dr. Beth Parker, Jen Hurley & Dan
Penfold

In addition, cutting edge, modern characterization
and monitoring technology sensors, including fibre‐
optics, fluid pressure, and chemical and temperature
sensors, will be purchased and installed for real time
observation of groundwater. New boreholes will be
drilled to enhance research insights and the BAFF
facility will feature “green” design aspects such as
geothermal heating and cooling, grey water re‐use, a
green roof, and alternative energy sources.

In the works for many years already, our vision for
the next phase of G360’s Bedrock Aquifer Field Facility
(BAFF) moved a few steps closer to becoming a
reality this spring. In May 2019 the project was
approved by University of Guelph Physical Resources
and Planning Committee, sending it on to the
University of Guelph Senate where it was awarded
approval on June 21, 2019. With the official ‘green
light’ from University of Guelph leadership, we are
thrilled to work with the University of Guelph
Alumni Affairs & Development team to share even
more details about our plans with our valued
industry and government partners.

With the support of our fantastic partner network,
we are confident we can make our vision for the
BAFF facility a reality in the years ahead. Our team
looks forward to connecting directly with each of our
partners to discuss these plans and their impacts
further.

From our earliest days, our G360 partners have always
focused on advancing both fundamental and applied
groundwater research at the critical nexus of
industry, government, and academia. Our many
strategic partnerships, forged and strengthened over
decades, remain our core focus; indeed, we will
require the engagement and support of our various
partner networks more than ever before to help
complete this facility that will form a core part of our
operational success for decades to come.
Our new BAFF will allow us to do what we already
do, but better, including enhancing education and
training through technology demonstration and
experiential learning at the undergraduate and
graduate levels; promoting groundwater awareness
in the community; facilitating knowledge transfer to
professional practice through demonstrations and
professional short courses; facilitating the
development, testing and demonstration of novel
field methods, tools, and groundwater technologies;
and furthering collaborations between the University
of Guelph, the City of Guelph, and the private sector
both locally and globally.

Figure 1: Proposed building renovation, expansion and
upgrades will serve to centralize G360 operations, boost
visibility and understanding of the critical importance of
groundwater.

Sponsors, Partners & Collaborators:
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Switchable Emulsions for the
Targeted Delivery of Reagents and
Gelators: Trap and Treat of
Hydrocarbons and Organic
Solvents (HC/OS) in the
Subsurface

G360 PROJECT TEAM
Dr. Erica Pensini & Kristine
Lamont (Undergraduate Research
Assistant)

In response to this gap, the Pensini lab is developing
a technology to trap and treat HC/OS in the
subsurface. To this end, multiple emulsions of water
in oil are used for the targeted delivery of reagents
to HC/OS polluted areas. Multiple emulsions are
obtained by first emulsifying reagents dissolved in
water into oil, and subsequently emulsifying the oil
into a low viscosity (i.e. pumpable) fluid containing
water and natural polymers. Upon contacting organic
solvents or hydrocarbons, the multiple emulsions
become unstable (i.e. the water and the oil separate)
and release the reagents. A group of reagents
investigated are crosslinkers, i.e. species that
connect polymer chains to one another to form an
elastic network (gel).

There are over 10,000 sites in Canada contaminated
by toxic substances, most of which are
hydrocarbons, organic solvents and heavy metals
(e.g. hexavalent chromium).
The success and safety of the subsurface
remediation of pollutants relies on: 1) effective
contact between the reactive species and pollutants,
and 2) adequate containment of the pollutants
(trapping) during the remedial treatment.
The Pensini lab previously developed a method that
has the potential of trapping and treating hexavalent
chromium in‐situ. Existing technologies cannot
simultaneously trap and treat HC/OS, hence allowing
their uncontrolled migration in the subsurface.

The Pensini lab studied the crosslinker effectiveness
in gelating natural polymeric carrier fluids upon
contact with HC/OS, creating a barrier around them
(i.e. trapping them). Testing will continue to
investigate the effectiveness of oxidizers and
Fenton’s reagents (i.e. oxidizers mixed with iron
compounds) in degrading HC/OS, following the
targeted release of the reagents exclusively in
pollutant proximity. The targeted delivery of reagents
will ensure effective HC/OS degradation because the
reagents will not be dispersed (i.e. lost) in the clean
zones, hence making good contact with HC/OS.
Figure 1: Schematics of the trapping process.

Sponsors, Partners & Collaborators:
Dr. Alejandro Marangoni, Food Science, University of
Guelph
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Characterizing Mixed Chlorinated
Solvent Processes in a Clayey
Aquitard & Plume Persistence
Following Source Zone Treatment:
Former DuPont Facility,
South Carolina

G360 PROJECT TEAM
Dr. Beth Parker, Dr. Philipp Wanner,
Steven Chapman, Maria Goreka,
Rashmi Jadeja, Ryan Kroeker,
Dr. Glaucia Lima, Adam Gilmore
& Nathan Glas (MASc Candidate)
A detailed research study sponsored by NSERC,
DuPont, Chemours, and the University Consortium
with support from the University of Waterloo and
University of Neuchâtel (UNINE) has been ongoing
since 2008 to evaluate the contaminant distribution
from mixed solvent DNAPL releases into a surficial
heterogeneous sandy aquifer underlain by an
organic‐rich clayey aquitard. The impetus of the
study was to evaluate effects of mass storage and
release from low permeability zones on plume
persistence following treatment of the DNAPL source
zone as well as to assess integrity of the aquitard.
The mixed chlorinated solvent DNAPL source zone
was treated in‐situ by soil mixing with ZVI/bentonite
in late 2007, with the goal of reducing mass
discharge from the source zone via abiotic
degradation and permeability reduction. Several high
resolution site characterization techniques have
been employed including: (1) membrane interface
probe (MIP), (2) continuous coring for assessing
small‐scale heterogeneity with detailed subsampling
to quantify contaminant distributions in the aquifer
and aquitard, and (3) microbial characterization and
application of compound‐specific isotope analyses
(CSIA) for assessment of degradation. Early time
conditions were established via major field episodes
in 2008, including installation of a detailed
groundwater monitoring network of multilevel
systems (MLS) installed along transects, which have
been sampled episodically over the past decade for
target VOCs, hydrochemistry and CSIA.

In March 2018, a major field episode was conducted
to evaluate conditions ten years post‐treatment
including multifaceted sampling of cores for target
VOCs, degradation products, CSIA, microbial
characterization, etc. as well as application of more
recent techniques including Geoprobe MIP
integrated with the Hydraulic Profiling Tool (MiHPT).
Investigations of conditions within the treated
source were also examined, including use of
magnetic susceptibility screening of cores for
evaluation of reactive media (ZVI) distributions. This
study is unique in the long time frame for post‐
treatment monitoring as well as the high resolution
characterization efforts to provide clear performance
data and insights on controlling processes.

Figure 1: Sample selection during coring.

Sponsors, Partners & Collaborators:
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Insights into DNAPL Source Zone
Architecture from Repurposed
DNAPL Extraction Wells

G360 PROJECT TEAM
Dr. Jessica Meyer, Dr. Beth Parker
& Brent Redmond (MASc Candidate)
A mixture of organic contaminants that occurs as a
dense non‐aqueous phase liquid (DNAPL) has
accumulated in a fractured sandstone 45‐55 meters
below ground surface at the Hydrite site in south
central Wisconsin. Between 1999 and 2002, sixteen
boreholes were drilled to evaluate the vertical extent
of mobile DNAPL. These boreholes were iteratively
advanced 10 feet and then pumped until DNAPL was
not recovered. The boreholes were left as open
bedrock wells providing University Consortium
researchers an opportunity to investigate current
source zone conditions using high resolution sealed
hole methods.

FACT sample analysis and interpretation is still
ongoing. The NAPL covers provided immediate
insight. The ink was entirely removed (dissolved)
from the bottom 2 feet and 16 feet of two of the
NAPL covers (Figure 2). The complete removal of the
ink is strongly suggestive of accumulation of DNAPL
in the bottom of these two holes. However, interface
probe measurements taken in the same holes about
a week later did not provide an indication of free
phase. Consequently, additional research is planned
for the summer of 2019 to resolve the two sets of
observations. In addition, there were relatively few
examples of distinct staining that would be
associated with DNAPL accumulated in individual
fractures. The results from the FLUTe NAPL covers
and FACT strips will be
used
to
design
temporary multilevel
systems to perform
targeted pumping of
individual
fractures/
beds in several of the
boreholes. The data
collected will provide
important insight into
the
current
day
architecture of the
DNAPL source zone.

Research funded by NSERC, Hydrite Chemical
Company, and FLUTeTM is now underway to help
characterize this source zone. FLUTe™ offers several
products for characterizing the distribution of
contaminants while at the same time sealing the
entire length of the open borehole with a FLUTe™
liner. The FLUTe NAPL cover is hydrophobic, quickly
wicking NAPL into the cover. The NAPL passes
through the cover, staining the cover and dissolving
the multicolored dye stripes (Figure 1). The FLUTe
FACT
uses
strips
of
activated carbon felt to
provide
depth‐discrete
contaminant concentrations
within a sealed borehole.
FLUTe liners with NAPL
covers and FACT strips were
deployed by University
Consortium researchers in
four of the existing RW
wells at the Hydrite site in
September 2018.

Figure 2: Example of an extremely stained NAPL cover, in
which all the ink has been removed.

Sponsors, Partners & Collaborators:

Figure 1: Example of NAPL cover with no staining (lines of
ink are intact).
10

G360 PROJECT TEAM
Dr. Beth Parker, Dr. Jana Levison,
Dr. Bahram Gharabaghi,
Dr. Emmanuelle Arnaud,
Dr. Colby Steelman & Jackie Harman

Advancement of Groundwater
Multi‐Level System Technologies
to Improve Source Water
Management in Fractured
Sedimentary Rock
Advanced
characterization
and
monitoring
techniques, specifically adapted to highly
heterogeneous sediments, will be evaluated against
conventionally collected data sets through
systematic
assimilation
into
existing
and
concurrently‐advanced regional groundwater flow
models across five interconnected municipalities
reliant on a shared Silurian dolostone aquifer. The
proposed research will adopt a multi‐disciplinary
approach to understand regional geologic
formations, groundwater flow paths, and
groundwater‐surface water interactions at scales
relevant to wellhead protection area delineation,
land‐use monitoring, and urban planning.

Source water protection has become an integral
component of municipal groundwater management
planning since the introduction of the Clean Water
Act (2006). The purpose of this legislation is to
protect existing and future sources of drinking water
through collaborative science‐based source water
protection plans that identify and mitigate potential
threats to local water supplies. However, significant
uncertainties in sustainable groundwater use remain
and new uncertainties may arise through climate and
land use changes, population growth, and
socioeconomic stresses. To advance source water
protection and water resource management
strategies in fractured sedimentary bedrock aquifers,
Drs. Parker, Levison, Gharabaghi, and Arnaud
initiated a $4.5 million new research project with
financial support provided by NSERC, Nestlé Waters
Canada, the City of Guelph*, the Township of
Puslinch, the Town of Erin, and Paterson, Grant and
Watson Ltd.
This proposal was awarded in
November 2018 and aims to advance source water
protection through the development and validation
of high‐resolution groundwater characterization and
monitoring infrastructure, augmented by robust
scientific protocols that directly support and
enhance municipal groundwater protection plans.

The results of this research will provide growing
Ontario communities tasked with managing a shared
groundwater resource within dynamic inter‐
dependent ecologic/hydrologic systems with a
scientific‐based toolbox to better understand their
groundwater resource, thereby enabling the
development of data‐informed groundwater
monitoring networks. These activities will support
science‐based groundwater management policies
that ensure safe and sustainable drinking water for
growing Canadian communities. Work commenced
on this project in December 2018 with the drilling of
three high resolution boreholes in Puslinch
Township.

Sponsors, Partners & Collaborators:

*The City of Guelph was awarded an Exemplary Source
Water Protection Award from the American Water
Works Association (AWWA) in April 2019, for its excellent
work to protect local water sources.
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The Groundwater Project

G360 PROJECT TEAM
Dr. John Cherry & Amanda Sills
Groundwater is the main source of drinking water for
nearly half of the global population and supplies
much of the world's irrigation water. The
Groundwater Project (GWP) is needed to ensure that
society achieves the difficult task of scientifically
informed, sustainable management and protection
of groundwater. The GWP will create a new
benchmark of knowledge to replace and greatly
expand the 1979 “Groundwater” textbook, by Drs.
Cherry and Freeze. The goal of the GWP is to publish
educational materials online and free‐of‐charge. The
non‐profit GWP will fill large voids in educational
groundwater publishing, becoming the global
standard for synthesized groundwater science. The
first iteration will be in English, followed soon after
by other languages. Over 400 chapters, organized
into 43 ‘knowledge domains’ are planned for the
next few years. The eBook will be layered,
supporting learning at advanced undergraduate,
graduate, and professional levels and will provide
introductory background for policy and legal
professionals.

The GWP will report on the latest advances in
groundwater science and technologies to quickly
disseminate new knowledge around the globe, with
emphasis on the information needs of developing
countries. The electronic format was selected
because materials will be updated and re‐published
as improvements are made and global contributions
expand. Publishing of the first few dozen chapters on
the GWP website will begin in late 2019.

Figure 1: Schematic of the GWP design approach.

Advisory Committee:

The GWP domains will be expanded over time
through additional materials linked to specific
chapters to enhance student learning, including
modules covering case studies to demonstrate
principles and deepen understanding; tutorials and
problem sets; videos of lectures; descriptions of
important equipment; and field investigation
techniques. Currently, more than 140 volunteer
scientists and engineers from 17 countries on six
continents are preparing eBook chapters with more
participants added weekly. The contributors are
internationally recognized experts in their selected
topic domains.

● Everton de Oliveira, São Paulo, Brazil
● Al Freeze, Vancouver, BC, Canada
● Doug Mackay, Stanford, CA, USA
● Steve Moran, Duncan, BC, Canada
● Beth Parker, Guelph, ON, Canada
● Eileen Poeter, Golden, CO, USA
● Warren Wood, East Lansing, MI, USA
● Shafick Adams, Gezina, South Africa
● Bill Alley, San Diego, CA, USA
● Stephen Foster, UK
● Ken Goldstein, Sacramento, CA, USA
● Ken Howard, Toronto, ON, Canada
● Jimmy Jiao, Hong Kong
● Guy Patrick, Salt Spring Island, BC, Canada
● Marco Petitta, Rome, Italy
● Craig Simmons, Adelaide, Australia
● Bill Woessner, Missoula, MT, USA
● Chunmiao Zheng, Shenzhen, China

Sponsors, Partners & Collaborators:
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Assessment of TCE Source Zone
and Plume Evolution in a
Fractured Dolostone Aquifer Due
to Natural Attenuation Processes

G360 PROJECT TEAM
Dr. Beth Parker, Dr. Ramon
Aravena & Joanna Olesiuk

Using data from 18 monitoring wells in the shallow
bedrock (0 to 4 metres below top of bedrock), 46%,
74% and 86% reduction in TCE plume area, average
concentration and mass, respectively, was calculated
between 2003 and 2013. The position of the plume
centre of mass shows a general receding trend,
migrating less than 10 meters in an upgradient
direction. In the intermediate bedrock zone (4 to 10
meters below top of rock), data from six monitoring
wells, indicate a 44%, 87% and 93% reduction in TCE
plume area, average concentration and mass,
respectively, over the same period. Shallow bedrock
zone cis‐DCE trends indicate 67% and 29% reduction
in plume area and mass, respectively, with an
increase in average concentration of 115% between
2003 and 2013. Average concentration and mass of
VC are also increasing within the plume, as are
detections of ethene and ethane. Decreasing trends
are also observed when comparing equivalent TCE
concentrations, indicating some degree of TCE mass
loss due to complete destruction rather than
transformation into degradation products. Results of
TCE Compound Specific Isotope Analysis (CSIA),
show 13C enrichment along the groundwater flow
path, providing evidence that biodegradation,
specifically in areas where favourable redox
conditions exist, is occurring and is increasing over
time. Although the centre of mass is near stationary,
the TCE plume front is retracting, and concentrations
are decreasing primarily due to combination of
matrix diffusion, sorption and complete degradation.

A detailed study of a trichloroethene (TCE) source
zone and dissolved phase plume in a fractured
dolostone aquifer was undertaken to assess the
spatial distribution, temporal evolution and
contribution of natural processes on contaminant
attenuation. The research site is in Guelph, Ontario
and is the location of an automotive manufacturing
facility where TCE, as a DNAPL, entered the
subsurface nearly three decades ago. Previous depth
discrete rock core analysis indicated that the bulk of
the contaminant mass, primarily TCE, resides in the
rock matrix in the upper 20 m of the bedrock
(Kennel, 2008). Long term TCE concentration data,
from a dense monitoring network representing
groundwater in the fractures, indicate decreasing
trends at over 80% of monitoring wells in the top 10
meters of the bedrock. Over a ten year monitoring
period, degradation products cis‐1,2 dichloroethene
(cis‐DCE), vinyl chloride (VC), ethene and ethane are
increasingly detected, with the latter two providing
evidence of complete dechlorination, likely due to
mainly microbial but also abiotic processes.

Sponsors, Partners & Collaborators:

Figure 1: 2013 TCE distribution in shallow
Plume boundary at 5 µg/L.

bedrock.
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Susceptible Landscapes:
Geospatial Analysis of
Groundwater Quality in
Southern Ontario

G360 PROJECT TEAM
Dr. Emmanuelle Arnaud,
Dr. James Longstaffe &
Nazia Nawrin (MSc Candidate)

In conjunction with this Ambient Groundwater
Geochemical (AGG) dataset, the OGS physiographic
map and 3D mapping of surficial deposits in the
Brantford‐Woodstock area of southern Ontario will
help to determine the factors related to geology.
Based on a preliminary geospatial analysis, 8 out of
almost 80 geochemical constituents, (e.g. Nitrate,
Chloride, Fluoride, Uranium) and 8 physiographic
features were selected for this study. Geographically
weighted regression, which is an analysis of spatially
varying relationships, is performed in ArcGIS by
including the concentration of geochemical
constituents and physiographic unit as variables. This
analysis has shown which constituents are weakly or
moderately related to physiography at the regional
scale.

Current vulnerability mapping associated with
management of groundwater quality focuses on
depth to the water table and travel time inferred
from grain size. However, this does not take into
consideration unit geometry, which affects
connectivity and fate of contaminants. The shallow
subsurface geology (overburden) is influenced by
previous glaciations, which played a significant role
in shaping the current physiography and subsurface
of southern Ontario. Geospatial analysis of water
quality and physiography will help to determine the
distribution of susceptible water wells and its
relationship to the subsurface geology, which in turn
can help inform well vulnerability and water quality
management at the regional scale.
Groundwater geochemical data are often treated as
water quality data when compared against
regulatory standards. The Ontario Geological Survey
(OGS) conducted a 7‐year sampling program from
2007‐2014 resulting in a comprehensive dataset to
characterize the ambient groundwater geochemistry
for both bedrock and overburden wells across
southern Ontario. The data from 553 overburden
wells are the main focus of the current project. The
aim of this study is to analyze the geospatial
distribution of specific geochemical constituents and
investigate whether certain physiography have a
significant effect on the shallow groundwater quality
across southern Ontario.

Figure 1: Geospatial distribution map of Nitrate across
southern Ontario along with physiographic features.

Sponsors, Partners & Collaborators:
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Evaluation of FLUTe FACT™ as a
Screening Technology for VOC
Distribution in Fractured Rock
Boreholes

G360 PROJECT TEAM
Dr. Beth Parker, Dr. Peeter Pehme,
Steven Chapman, Ryan Kroeker,
Maria Gorecka, Jessica Bulova &
Brent Redmond (MASc Candidate)
The objective of this project, sponsored by ESTCP
is
to
complete
a
(Project
ER‐201630),
comprehensive, robust, scientific evaluation of the
use of the FLUTe™ Activated Carbon Technology
(FACT™) as a low‐cost contaminant screening tool for
fractured bedrock environments. The evaluation
includes developing context and guidelines for
interpreting FACT results in a dual porosity system in
which groundwater flow and contaminant transport
occur in the secondary porosity, and contaminant
storage (in solute and sorbed phases) occurs in the
primary porosity. Several other complementary
methods in the suite of G360 tools in the Discrete
Fracture Network – Matrix (DFN‐M) Approach will
also be employed for evaluation of and comparison
with the FACT results. These include: high resolution
rock core sampling for contaminant mass
distribution in the matrix; Passive Flux Meters
(PFMs) deployed behind liners for groundwater and
contaminant flux measurement; deployment of
button porewater sampling devices (PSDs) and
transducers behind liners for groundwater
concentrations and hydraulic head characterization,
respectively; Active‐Distributed Temperature Sensing
(A‐DTS) and transmissivity profiling for groundwater
flow characterization under ambient and stressed
conditions, respectively; and installation of different
types of multilevel monitoring systems (MLS) for
hydraulic head monitoring and groundwater
and
sampling
for
target
contaminants
hydrochemistry.

The detailed performance assessment is being
conducted at the former Naval Air Warfare Center
(NAWC) site in New Jersey, where the bedrock
aquifer is comprised of bedded siltstone/mudstone.
Another objective is to assess how varying primary
matrix parameters (i.e. porosity and sorption) affects
the results through complementary studies at sites in
different geologic environments (e.g. granite site in
Sweden, sandstone site in California). Other
evaluations will include deployment of FACT and
other techniques in existing versus newly drilled
boreholes to evaluate cross‐connection and drilling
disturbance effects, and use of different drilling
methods (e.g. rapidly drilled air rotary borehole
versus slower cored hole). If FACT results are shown
to provide a useful measure of the in‐situ
contaminant distribution / mass flux then this
screening tool can be used to improve the quality of
site characterizations and conceptual site models
(CSMs) while reducing the cost of characterization,
which in turn translates into more efficient and
effective remedies.

Sponsors, Partners & Collaborators:

Figure 1: Montage of FLUTe FACT project activities.
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An Integrated Monitoring and
Modelling Approach for
Watershed Investigation Under
Changing Climate Conditions

G360 PROJECT TEAM
Dr. Jana Levison &
Elisha Persaud (PhD Candidate)

Results from this study may be used to provide
insight on meteorological forcing practices for
hydrological climate change studies as well as
identify potential future watershed response related
to groundwater levels, surface flows, and
groundwater‐surface water interactions. Moreover,
study results may be used to support improved
water management practices and provide
recommendations for data use from long term
monitoring networks. Throughout the remainder of
this project, analysis of monitoring and modelling
components will continue, including an exploration
of soft data (e.g. isotopes) incorporation in assessing
integrated model performance. This project has been
funded and supported by the MECP, NSERC, and the
Ontario Graduate Scholarship program with
collaboration
from
the
Ausable‐Bayfield
Conservation Authority (ABCA), and Aquanty Inc.

To assess the potential influence of climate change
on watershed hydrologic processes, an integrated
monitoring and modelling investigation of the Upper
Parkhill watershed in southwestern Ontario is
underway, led by principal investigators Dr. Jana
Levison, Scott MacRitchie of the Ministry of the
Environment, Conservation and Parks (MECP) and
PhD student Elisha Persaud. Historic climate and
hydrologic data collected from an Integrated Water
and Climate Monitoring station on Parkhill Creek has
been supplemented by a sampling program for
groundwater tracers (e.g. electrical conductivity and
222‐Radon) and stable isotopes (18O and 2H), to
improve our current understanding of watershed
functioning in this agricultural setting. To
complement these monitoring activities, a 3D finite
element model has also been constructed and
calibrated for the entire watershed using
HydroGeoSphere. This integrated model gives
appropriate consideration to the interconnections
between surface and subsurface domains and in
doing so, provides a valuable tool for assessing
watershed dynamics under historic and simulated
future climate conditions. To account for the
uncertainty associated with future climate scenarios,
watershed behaviour has been examined in response
to varied external climate stimulus, including data
derived from analogue and synthetic scenarios in
addition to general circulation models.

Figure 2: Parkhill Creek Integrated Water and Climate
Monitoring Station. (Photo credit: Ceilidh MacKie)

Sponsors, Partners & Collaborators:

Figure 1: Common stream channel setting within the
Upper Parkhill Watershed. (Photo credit: Ceilidh MacKie)
16

Detailed Assessment of an Aged
Fluorinated Dense Non‐Aqueous
Phase Liquid (4‐CBTF) Release in a
Well‐Characterized Surficial Clay
Aquitard

G360 PROJECT TEAM
Dr. Beth Parker, Steven Chapman,
Ryan Kroeker, Maria Goreka, Rashmi
Jadeja, Marina Nunes, Tim Speirs &
James Hommersen (MSc Candidate)

Golder employed several
high resolution
investigation techniques including soil vapour
sampling, cone‐penetration testing (CPT) and
ultraviolet induced fluorescence profiling (UVIF), as
well as conventional soil boring and installation of
monitoring wells. G360 expanded on this through
collection of continuous cores with detailed
subsampling for 4‐CBTF and potential degradation
products, and installation of multilevel monitoring
wells (MLS) comprised of 7‐channel CMT systems
(Einarson and Cherry, 2002), at key locations
informed by prior investigations. Together these high
resolution datasets combined with numerical
modeling provided a refined Conceptual Site Model
(CSM) for evolution of the DNAPL source and
downgradient plume transport and fate. Given the
low solubility and high sorption potential of 4‐CBTF,
continued DNAPL persistence occurs more than
three decades after the release, but also with
significant mass transfer into the matrix off fractures
and sand lenses. Plume mobility is strongly
attenuated by diffusion from fractures into the
matrix in the shallow active flow zone and underlying
unfractured zone. Potential for contamination of
deeper bedrock water supply aquifers below the 40
meter thick aquitard is also low given diffusion
controlled transport below the depth of active
fractures. The refined and robust CSM is key to
evaluation of the long term effectiveness of the
current site management approach of natural
attenuation, leading to better site management
decisions.

In 1982, a train derailment near Sarnia, Ontario
resulted in the release of ~50,000 litres of
parachlorobenzotrifluoride (4‐CBTF), a dense non‐
aqueous phase liquid (DNAPL). Emergency response
measures recovered about half of the volume
released, leaving about 25,000 litres in the
subsurface. The release occurred into a surficial
clayey aquitard in a physiographic region of
southwestern Ontario, referred to as the St. Clair
Clay Plain, which has been well‐characterized via
many prior research studies, including diffusion
studies (Parker, 1996), large scale laboratory column
experiments with DNAPL releases (O’Hara, 1997;
O’Hara et al., 2000), controlled field DNAPL releases
(Kirkpatrick, 1998), detailed assessment of
contamination from industrial site DNAPL releases
(Lane, 2001), as well as many other studies on
depths of active fractures (Burke, 1997) and aquitard
characteristics. Thus, this release site offered a
unique opportunity to characterize and evaluate
source zone evolution and plume formation from an
aged 4‐CBTF DNAPL source, a contaminant for which
little is known about its environmental fate, and
where the release conditions
were well documented (i.e.
known timing and volume,
estimates of mass removal
during
preliminary
remediation,
etc.).
G360
initiated this project with
funding from CN Rail and
NSERC and collaborated with
Golder Associates to conduct
a detailed study of this
release.

Sponsors, Partners & Collaborators:

Figure 1: Installation of a Solinst 3 channel CMT™
multilevel system in a cored borehole at the CN site,
designed based on observations from continuous cores.

17

G360 PROJECT TEAM
Dr. Beth Parker, Dr. Emmanuelle Arnaud,
Dr. Peeter Pehme, Dr. John Cherry, Dr. Emil
Frind, Jackie Harman, Chrystyn Skinner
(MSc Candidate), Kathleen Johnson (MASc
Candidate) & Teresa Pilato (MASc Candidate)

Sentry Well Project Update and
Sentry Well Findings

Understanding these interrelated impacts are critical
to the City's long term management of secure and
sustainable potable groundwater supplies. The G360
Group integrated high resolution field and laboratory
characterization and monitoring techniques, referred
to as the DFN (Discrete Fracture Network) field
approach, to refine the site conceptual models and
design and install four multilevel monitoring systems
to provide ongoing monitoring of water chemistry in
three dimensions. Three MSc students are working
on refining site conceptual models in the vicinity of
these new high resolution monitoring systems,
including an enhanced analysis of hydrogeologic
units and the development of a new, more efficient
way of modelling flow in fractured rock. This
modelling project is being undertaken under the
direction of Dr. Emil Frind at the University of
Waterloo and Dr. Beth Parker.

The Silurian dolostone belt extending from the
Niagara escarpment to Bruce County is a major
bedrock aquifer supplying approximately 1 million
people with drinking water in larger (Guelph,
Cambridge) and smaller (Fergus, Orangeville)
communities. Two of the City of Guelph’s 23
municipal pumping wells, threatened by the
occurrence of trichloroethene (TCE), a former
industrial solvent and a human carcinogen, are the
focus of an NSERC CRD Project. While the levels of
TCE are very low and meet drinking water guidelines,
it is not known how the concentrations of TCE will be
affected by long term pumping, changing rates of
pumping, seasonal variations in recharge, impacts
from pumping of other wells in the area, and
chemical processes within the aquifer.

Figure 1: Testing G360 multilevel system sampling methods.
Figure 2: Sampling G360 multilevel systems in March 2019.

Sponsors, Partners & Collaborators:
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Optimize Remediation Strategy by
Characterizing Preferential
Groundwater Flow in Poorly
Cemented Sandstone

G360 PROJECT TEAM
Dr. Beth Parker, Dr. Carlos
Maldaner, Dr. Jonathan Munn
& Steven Chapman
The G360 Group was invited to adapt and apply its
recently developed active distributed temperature
sensing (A‐DTS) method to characterize, in detail, the
groundwater flow in a poorly cemented sandstone
aquifer contaminated with trichloroethene (TCE) in
southern France in collaboration with Sanborn Head
& Associates, New Hampshire, USA. The A‐DTS
method was originally developed for fractured rock
boreholes but was adapted for application in a
poorly cemented sandstone aquifer. Characterization
of preferential flow paths is important for assessing
the delivery of treatment amendments to
contaminated portions of an aquifer. Field
investigation methods with high spatial resolution
are required to capture the flow variability in
unconsolidated or discretely fractured aquifers, and
to identify the nature of flow pathways (i.e. fracture
vs matrix flow) relative to the contaminant
distribution.

The results show variable flow rates along the
borehole indicating the presence of preferential flow
zones. A fluorescein tracer injection experiment
followed by detailed core logging and sampling, with
visual inspection of fluorescein tracer distributions
under UV light to guide high frequency, depth‐
discrete rock core sampling, provided additional
evidence for the presence and distribution of
preferential flow paths, also indicating flow
anisotropy and tracer transport retardation. The
results from these two methods, combined with
detailed profiles of contaminant concentration
distribution from rock core and groundwater
sampling inform and optimize the design for in‐situ
remediation.

The adapted A‐DTS used composite fibre optic cable,
attached to a PVC pipe and grouted in the borehole
to avoid cross‐connected flow and to recreate
natural‐gradient flow conditions in the aquifer
representative of flow conditions over the past
decades of plume transport at this aged
contaminated site. The A‐DTS tests consist of heating
the cable for up to 24 hours with constant heat input
and recording temperature along the cable
continuously using a DTS unit. Active groundwater
flow in preferential flow paths causes an
enhancement of heat transfer from the cable
creating a cooler thermal response than zones with
lower or no flow. The geometry of the test was
recreated in a numerical heat transport model and a
relationship was developed between the thermal
responses measured with the A‐DTS, and the volume
of water flowing through the preferential flow paths.

Figure 1: Testing a hybrid fibre optic cable grouted in a
borehole. The cable was designed by Silixa in collaboration
with G360 A‐DTS.

Sponsors, Partners & Collaborators:
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Toluene Biodegradation in the Vadose
Dr. Kari Dunfield, Dr. Ramon Aravena, Zone of a Poplar Phytoremediation
System Identified Using
Dr. Beth Parker, Dr. Philipp Wanner,
Metagenomics and Toluene‐specific
Steven Chapman, Andrea Roebuck,
Stable Carbon
Jeremy Fernandes & Michael Ben‐
Israel (PhD Candidate)
Isotope Analysis

G360 PROJECT TEAM

Toluene concentrations in tree sap were measured
and provided the first demonstration that hybrid
poplars actively phytoextract toluene from fractured
bedrock systems. Furthermore, advanced gene
sequencing of bacteria in roots of trees taking up
toluene showed that significant mass is biodegraded
after uptake. The combination of these techniques
represents a powerful, novel site monitoring
approach. This study has validated performance of
the phytoremediation system by systematically
quantifying toluene uptake, the potential for toluene
degradation, and by demonstrating active toluene
biodegradation across relevant environmental media
in situ.

This study is being conducted at an urban pilot field
system where 51 hybrid poplars were planted in
2008 to remediate toluene released 40 years ago
into an underlying fractured bedrock aquifer. The
phytoremediation system is now mature and ripe for
performance evaluation and to investigate plant‐
mediated
toluene
attenuation
processes.
Biodegradation in the saturated and vadose zones
was assessed by integrating metagenomic molecular
approaches and compound‐specific stable carbon
isotope analysis (CSIA). Highly resolved contaminant
and redox species concentrations, stable isotope
ratio profiles, and bacterial degradation gene
quantities were measured in groundwater that was
sampled using multilevel monitoring wells.
Results show that biodegradation is occurring in
groundwater under aerobic and anaerobic
conditions, and the extent of biodegradation and its
contribution to plume attenuation is controlled by
temporally shifting redox conditions. Biodegradation
gene quantities and activity measured in soil and
roots and toluene stable isotope ratio profiles in soil
vapour demonstrated that biodegradation is
occurring in the vadose zone, and that it is being
enhanced by the trees

Figure 1: [TEXT]

Sponsors, Partners & Collaborators:

Figure 1: Investigating physical, chemical, and biological
processes of toluene phytoremediation in fractured
bedrock.

20

Baseline Groundwater Quality
Investigation in the Liard Basin,
Northwest Territories

G360 PROJECT TEAM
Dr. Beth Parker, Dr. Colby Steelman,
Amanda Pierce, Nathan Glas (MASc
Candidate) & Oliver Conway‐White
(MASc Candidate)

Drilling is set to start this coming August. In
preparation for the drilling efforts potential
groundwater baseline monitoring sites were
evaluated by G360 staff, Amanda Pierce, and MASc
students, Nathan Glas and Oliver Conway‐White, in
October 2018. Five potential sites were
reconnoitered, and a surface geophysics survey was
completed at each location (Figure 1). The five sites
were chosen based on their spatial distribution
within the basin and the possible presence or
absence of the important water producing aquifer,
known as the Dunvegan Formation, and due to their
proximity to important surface water bodies, such as
the Liard and Petitot Rivers (Figure 1 and 2). An
electrical resistivity tomography survey was
completed at each location as it provides
information about the electrical resistivity of
sediments and rock below ground surface and can
help to identify important lithological changes, such
as the interface between shale and sandstone. The
ERT survey data will help to estimate drilling depths
for the proposed boreholes.

Conventional and unconventional oil and gas
development pose potential threats to groundwater
resources. In order to anticipate environmental
impacts to nearby aquifers, baseline groundwater
quality studies are important. The G360 Institute in
collaboration with the Government of the
Northwest Territories (GNWT) and the University of
Calgary (UC) will be conducting a baseline
groundwater quality investigation in the portion of
the Transboundary Liard Basin located within the
Northwest Territories (NWT). The Liard Basin is the
second largest oil and gas deposit in Canada and is
currently being developed in British Columbia and
the Yukon. This study will aim to determine the
quantity and quality of groundwater within the Liard
Basin; to characterize the groundwater flow system
and interaction with nearby surface water bodies; to
define the sequence of hydrogeologic units (HGUs);
and to evaluate the vulnerability of the local and
basin‐scale aquifers. To achieve these goals, it is
proposed that a series of boreholes be drilled, and
multi‐level monitoring systems subsequently
installed at locations within the Liard Basin in and
around the community of Fort Liard (Figure 1).

Figure 2: View of the Liard River.

Sponsors, Partners & Collaborators:

Figure 1: Location of the Study Area within the Liard Basin
and five potential baseline groundwater monitoring sites.
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Direct Mass Flux Measurements
for 1,4‐Dioxane in a Karst Aquifer
in Central Florida

G360 PROJECT TEAM
Dr. Beth Parker, Dr. Emmanuelle
Arnaud, Dr. John Cherry, Dr. Carlos
Maldaner, Steven Chapman
& Sam Jacobson (MSc Candidate)
Several sites are possible contributors of trace 1,4‐
dioxane detections in a municipal supply well
pumping from the karstic Upper Floridan aquifer.
Efforts are underway in partnership with a site owner
and its consultants, University of Florida and HSW
Engineering, Inc., to assess potential contributions
from one nearby industrial site; however, the
horizontal hydraulic gradient and its direction are so
small as to be indeterminate because of the high
karste transmissivity and small site dimensions, thus
stripping confidence from conventional Darcy’s
law‐based mass flux calculations. To avoid multiple
measurement uncertainties, we advanced direct
mass flux measurement techniques in two cored
holes to characterize this site. Depth‐discrete, high
resolution rock core contaminant profiles were
developed, and borehole geophysical and
hydrophysical logs were collected. Physical caliper
profiles captured the significant variability in
borehole diameter, locating zones that could be
sealed using oversized FLUTe™ borehole liners.
Hydraulically active features under natural hydraulic
conditions were qualitatively identified using active
line heating deployed with fiber optic cables for
distributed temperature sensing (A‐DTS) (Maldaner
et al. 2019, WRR).

These datasets informed placement of modified,
fractured rock passive flux meters (PFM) in multiple,
depth‐discrete zones (1‐2 metres long), external to
the FLUTe™ liners, to quantify both water and
contaminant fluxes. Vertical arrays of pressure and
temperature sensors were co‐deployed with the
PFMs to capture transient hydraulic conditions. A
presentation will be given at the NGWA Conference
on Fractured Rock and Groundwater in Burlington,
Vermont, held September 23‐24, 2019, to further
discuss challenges and adjustments made for karstic
boreholes as well as in‐situ groundwater and
contaminant flux distributions used to estimate mass
discharge.

Figure 2: Digital images of borehole sections. Depth is
listed in bottom‐right corner of each image in feet below
ground surface. Top left image is in the borehole casing,
and represents a known 6‐inch diameter. There is a wide
variety in the regularity, diameter, and coherence of the
borehole.

Sponsors, Partners & Collaborators:

Figure 1: Sam Jacobson, MSc Candidate at G360, logging a
rotasonic limestone rock core.
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Awards
NGWA M. King Hubbert Award
Dr.
Beth
Parker
received
the
National
Ground
Water
Association
(NGWA)
M. King Hubbert Award in August 2018. This prestigious award is granted to those who have made a
major science or engineering contribution to the groundwater industry through research, technical
papers, teaching, and practical applications.

Arrell Food Institute Graduate Scholarship
As part of the Arrell Food Institute Graduate Scholarship, Kathleen Johnson has worked in a
transdisciplinary team of four graduate students for 8 months on a project with a community partner,
the Ecological Farmers Association of Ontario. They presented their work at the Arrell Food Summit in
May 2018.

Arthur D. Latornell Travel Scholarship
Nathan Glas, MSc candidate, was awarded the Arthur D. Latornell Travel Scholarship for the Fall of
2018 and Winter of 2019 for support towards his research in resource management and
conservation. Nathan plans to apply this scholarship towards field work in the Northwest Territories
and a groundwater workshop in Montreal.

Queen Elizabeth II Graduate Scholarship in Science & Technology
MASc student, Oliver Conway‐White, was awarded the Queen Elizabeth II Graduate Scholarship in
Science & Technology for September 2018 – August 2019, and September 2019 – April 2020. The
QEII‐GSST program is designed to encourage excellence in graduate studies in science and
technology.
The QEII‐GSST and OGS
programs are made
The Ontario Graduate Scholarship (OGS) program recognizes academic excellence in graduate
possible through the
studies at the master's and doctoral levels in all disciplines of academic study. Two OGS scholarships
Ontario Student
Assistance Program
were awarded to G360 Master’s students Nathan Glas (September 2019 –August 2020) and Kathleen
(OSAP)
Johnson (September 2017 – August 2018).

Ontario Graduate Scholarship

YMCA‐YWCA Guelph Women of Distinction
Dr. Beth Parker was honoured as a 2019 Women of Distinction™, in support of Guelph Y programs
for girls and women at all stages of life in Guelph and Wellington County. Women of Distinction™ is a
celebration of women who are role models, pioneers and outstanding achievers who improve the
quality of life in our community.

Two Top Downloaded Articles of 2017‐ 2018 by Wiley and Top R Package
Steven Chapman and Beth Parker received a ‘Top Downloaded Article 2017‐2018’ distinction by Wiley in Ground Water
Monitoring & Remediation as co‐authors on the paper “DyeLIF™: A New Direct‐Push Laser‐Induced Fluorescence Sensor
System for Chlorinated Solvent DNAPL and Other Non‐Naturally Fluorescing NAPLs” also co‐authored by Murray Einarson
and Adrian Fure of Haley & Aldrich and Randy St. Germain of Dakota Technologies. The paper is an outcome of an
ESTCP study “Direct‐Push Optical Screening tool for High‐Resolution, Real‐Time Mapping of Chlorinated Solvent DNAPL
Architecture” (ER‐201121). Amanda Pierce, Beth Parker, Robert Ingleton (Bob Ingleton Consulting) and John Cherry
received the same recognition for their paper “Novel Well Completions in Small Diameter Coreholes Created Using
Portable Rock Drills.” These papers are among the top 20 most read articles of 2017‐2018. Jonathan Kennel and the G360
team’s ‘earthtide’ R package for prediction and analysis of Earth tides was listed in the top 40 new CRAN packages of
March 2019.
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Graduations

Masters Graduates

Dylan Klazinga, MSc (April 2018)
Primary Supervisor: Dr. Anthony Endres
Thesis: Numerical Investigation of the Geophysical Response to Methane Migration in an
Unconfined Aquifer with Implications for Hydrocarbon Wellbore Leakage
Current Position: Application Specialist at Sensors & Software Inc.
Joanna Olesiuk, MASc (May 2018)
Primary Supervisor: Dr. Beth Parker
Thesis: TCE Source Zone and Plume Evolution in a Fractured Dolostone Aquifer Due to Natural
Attenuation Processes
Current Position: Senior Technical Specialist at GM BluePlan Engineering Ltd.
Tim Spiers, MASc (May 2019)
Primary Supervisor: Dr. Beth Parker
Thesis: Detailed Assessment of an Aged Fluorinated Dense Non‐Aqueous Phase Liquid
(Parachlorobenzotrifluoride (4‐CBTF)) Release in a Well‐Characterized Surficial Clay Aquitard
Current Position: Senior Project Manager at Pinchin Ltd.

PhD Graduates
Shoaib Saleem (September 2018)
Primary Supervisor: Dr. Jana Levison
Thesis: Impacts of Future Climate and Agricultural Land Use Changes on Groundwater Nitrate
Concentrations in Southern Ontario
Current Position: Integrated Watershed Modeler at Université du Québec à Montréal
Jonathan Munn (November 2018)
Primary Supervisor: Dr. Beth Parker
Thesis: Characterization of Groundwater Flow Variability and Hydraulically Active Porosity in a
Fractured Carbonate Aquifer using Fibre Optic Distributed Sensing
Current Position: Post Doctoral Fellow at the G360 Institute for Groundwater Research
Rachael Marshall (December 2018)
Primary Supervisor: Dr. Jana Levison
Thesis: Towards Effective First Nations’ Source Water Protection: A Technical and Indigenous
Knowledge Collaboration
Current Position: Water Resources Specialist at Shared Value Solutions Ltd.
Greg Martin (June 2019)
Primary Supervisor: Dr. Beth Parker
Thesis: Pore Water Concentration Measurement in Boreholes in Low Permeability Cohesive
Geological Media for Depth Discrete High Resolution Concentration Profiles
Current Position: Environmental Analytical Technical Leader at The Dow Chemical Company
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Conferences
Conferences Presented at in 2018

6YVEP7]Q TSWMYQ `*IFVYEV]

February 28th and March 1st, 2018 | Delta Hotel, Guelph

June 5th – 7th, 2018
University of Guelph

Conferences Presented at in 2019
PFAS EXPERTS SYMPOSIUM
May 20-21, 2019 | Arlington, Virgina

June 4th – 6th, 2019
University of Guelph

May 28‐31, 2019 | Waterloo, Canada

Upcoming Conferences in 2019

2019 OU International WaTER Conference
September 16-17, 2019

NGWA Conference on Fractured Rock
and Groundwater
September 23-24, 2019 | Burlington, Vermont

10th International Groundwater
Quality Conference
September 9-12, 2019 | Liège, Belgium
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Publications

Parker Published Papers Jan 2018 – June 2019

Pierce, A.A., Parker, B.L., Ingleton, R., Cherry, J.A. 2018. Novel well completions in small diameter coreholes created using portable rock drills. Groundwater Monitoring &
Remediation, 38(1), 42‐55. https://doi.org/10.1111/gwmr.12257
Chapman, S.W., Cherry, J, Parker, B.L. 2018. Multiple‐scale hydraulic characterization of a surficial clayey aquitard overlying a regional aquifer in Louisiana. Journal of Hydrology,
558, 546‐563. https://doi.org/10.1016/j.jhydrol.2018.01.059
Parker, B.L., Chapman, S.W., Goldstein, K.J., Cherry, J.A. 2018. Multiple lines of field evidence to inform fracture network connectivity at a shale site contaminated with dense non‐
aqueous phase liquids. Geological Society of London, Special Publications “Groundwater in Fractured Bedrock Environments: Managing Catchment and Subsurface Resources”, 479,
1‐27. https://doi.org/10.1144/SP479.8
Wanner, P., Parker, B.L., Hunkeler, D. 2018. Assessing the effect of chlorinated hydrocarbon degradation in aquitards on plume persistence due to back‐diffusion. Science of the
Total Environment, 633, 1602‐1612. https://doi.org/10.1016/j.scitotenv.2018.03.192
Kennel, J.R., Parker, B.L. 2018. Acoustic televiewer amplitude data for porosity estimation with application for porewater conversion. Geological Society of London Special
Publication “Groundwater in Fractured Bedrock Environments: Managing Catchment and Subsurface Resources”, 479, 177‐185. https://doi.org/10.1144/SP479.6
Robinson, J., Slater, L., Weller, A., Keating, K., Robinson, T., Rose, C., Parker, B. 2018. On permeability prediction from complex conductivity measurements using polarization
magnitude and relaxation time. Water Resources Research, 54(5), 3436‐3452 https://doi.org/10.1002/2017WR022034
Parker, B.L., Bairos, K., Maldaner, C.H., Chapman, S.W., Turner, C.M., Burns, L.S., Plett, J., Carter, R., Cherry, J.A. 2018. Metolachlor DNAPL source conditions and plume attenuation
in a dolostone water supply aquifer. Geological Society of London Special Publication: Groundwater in Fractured Bedrock Environments: Managing Catchment and Subsurface
Resources. 479, 207‐236. https://doi.org/10.1144/SP479.9
Salek, M., Gharabaghi, Parker, B., Levison, J. 2018. CAD‐DRASTIC: chloride application density combined with DRASTIC for assessing groundwater vulnerability to road salt
application. Hydrogeology Journal. 46(7), 2379‐2393. https://doi.org/10.1007/s10040‐018‐1801‐7
Maldaner, C., Quinn, P., Parker, B.L., Cherry, J.A. 2018. Improving estimates of groundwater velocity in a fractured rock borehole using hydraulic and tracer dilution methods.
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