
A MESSAGE FROM THE DIRECTOR
Dr. Beth Parker

     It’s that time of year again! Before we get too far into our new field 
season, we want to take a moment to update our sponsors, partners and friends 
with news from the G360 Institute for Groundwater Research. 

     2017 marked 2 important anniversaries for groundwater research at the 
University of Guelph. Firstly, the G360 Institute celebrated 10 years at the 
UoG, originally arriving in 2007 with my NSERC Senior Industrial Research 
Chair. The anniversary came with official institute status, a Chief Operating 
Officer, Jennifer Hurley, and the creation of our G360 Advisory Board. The 
Board members have a wealth of academic and private sector experience and 
their expertise is highly valued as we aim to increase our impact and sustain 
our international, highly collaborative, field-based research program. 
Secondly, 2017 marked the 30th year for the University Consortium for Field-
Based Groundwater Contamination Research, founded and directed by Dr. 
John Cherry.  This milestone was celebrated in June 2017 at the annual 
meeting attended by 124 sponsors and guests.

     This past year has been filled with new possibilities as we expand our 
collaborative links on the University of Guelph campus, across Canada and 
around the globe. Currently, the G360 group 
comprises approximately 45 staff scientists, 
engineers, and students. Together with your 
help we are pursuing societally relevant 
research projects focused on the protection 
of groundwater resources from various 
human activities and encompassing a 
range of sectors; including manufacturing, 
agriculture, waste management, energy and 
mineral extraction. We hope you enjoy and relate to the stories provided in our 
newsletter and know that we are grateful for the opportunity to work with you 
on our vision to Generate Global Respect for Groundwater.  
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G360 Advisory Board

Rene VanAcker

G360 was founded by Dr. Beth Parker in 2007 at the University of Guelph. 

Originally called the G360 Centre for Applied Groundwater Research, the name changed in 2017 to the G360 Institute for Ground-
water Research to better reflect the numerous successful and continual collaborations between the G360 group and researchers at 
Universities around the globe.  To ensure the long-term success and growth of the Institute at the University of Guelph, G360 

assembled an Advisory Board to provide 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.

The Board members were selected for their broad and applicable experience in the domain of subsurface characterisation and/or 
their relevance to the Institute’s interests at the University. The Board will meet two times per year and had its inaugural meeting 
on February 28th of this year.

Internal Academic Members

Dean, OAC
University of Guelph 

Mary Wells
Dean, CEPS 
University of Guelph 

John Livernois
Associate Vice-President 
Research Services 
University of Guelph

External Members

Bill Mullin
Business Development 
Manager
ICS Ltd., Guelph

Joanne Thompson
Senior Hydrogeologist
Burnside Associates
Newmarket, ON

Catherine Creber
Environmental Specialist
Jacobs CH2M
Sarnia, ON

David Mercer
Principal, Underground 
Communications
Vancouver, BC
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New Additions to Our
Team

Philip Wanner - Studied at the Centre for Hydrogeology and Geothermics (CHYN), University of Neuchâtel, 
Switzerland, focusing on the characterization of reactive processes affecting organic contaminants in low 
permeability units using stable isotope methods. At G360, he investigates the behavior of organic contaminants at 
contaminated sites in Canada and the U.S. to improve remediation concepts.

Jerry Guo - A visiting Post-doctoral fellow funded by the Chengdu University of Technology Scholarship, Jerry 
completed his Ph.D. in Geological Engineering at the Chengdu University in 2014 focused on landslides triggered by 
fluid pressure. In China, he works at the State Key Laboratory of Geohazard Prevention and Geoenvironment 
Protection (SKLGP) under the supervision of the China Ministry of Science and Technology.

Kathleen Johnson - Completed her undergraduate degree at McMaster University in Civil Engineering and Society. 
At G360, her research focuses on understanding the flow and fate of the contaminants in the fractured bedrock 
aquifer beneath the City of Guelph. Kathleen is also the proud recipient of the Prestigious Arrell Food Institute.

Sam Jacobson - Born and raised in Pennsylvania, and graduated with a BSc in Geology from Bucknell Univeristy in 
Lewisburg, PA. His undergraduate studies focused on developing a tracer that could be used to understand 
contaminant transport in well developed karst systems using 3-D printers and X-ray computed tomography. 

Teresa Pilato - A recent graduate from the Colorado School of Mines with BSc in Geophysical Engineering and has 
previously worked for the USGS with the Geomagnetism Program as an intern. She is pursuing a MASc in Water 
Resources Engineering with a focus in groundwater modelling.

Isaac Noyes - A recent graduate of the University of Waterloo with a BSc in Life Physics, Isaac’s duties with the 
G360 research group involves assisting in a variety of field activities as well as building and improving upon G360‘s own 
groundwater research technologies, such as our Multi-level System and our Triple Tube Sampler designs.

Sherry-Ann - Joined the G360 team as the Information and Communication Facilitator starting October 2017. With a 
Masters degree in Petroleum Engineering and PMP certification, she brings with her 13 years of experience in the Oil 
and Gas operations (field, research, marketing, management), and an eagerness to explore a more environmentally 
friendly sector.

Wayne Noble - Started as a lab technician in the laboratory of Dr. R.W. Gillham at the University of Waterloo 
working on the development of the zero-valent iron technology.  He supported Dr. Gillham’s research program by 
providing analytical and technical support for students in the department. He joined the G360 group, bringing gas and 
ion chromatography expertise

Postdoctoral Researchers and Research Associates

Students

Staff
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College Royal
College Royal is held every year in March and is the largest University open house of its kind in North 
America. The G360 Institute has been participating yearly in College Royal since the early 2000’s. 
2017 was no different with families being attracted to our rock core and aquifer tanks.

Interaction Conference
On April 26th and 27th, G360 participated in the campus wide Interaction conference. This unique 
experience for Grade 10 and 11 students, attracted approximately 900 students from all over 
Southern Ontario to the University of Guelph. G360 offered an interactive and hands-on workshop 
about solving the groundwater contamination ‘mystery’.

Dr. Parker presents at the Guelph Civic Museum
To celebrate Canada’s sesquicentennial and Guelph’s 190th anniversary, Guelph Museums launched a unique lecture 
series to reflect on their collective history and the theme of nation building. The Building Canada lectures, presented in 
partnership with the University of Guelph, featured a talk by Dr. Beth Parker entitled “From the Ground Water Up: 
Exploring the role of water in building Canada and the impact on our future”.

G360 celebrates science at a primary school, Guelph, ON
Members of the G360 Institute participated in a science night at the King George Public School in 
Guelph, ON. The goal of the night was to celebrate science! Grades 1 to 8, and their families 
came into the classroom to explore a variety of groundwater and geology themed activities.

Check out G360's blog!

Graduate students from the G360 Institute for Groundwater Research did a 75 min workshop with the grade 12 students at Guelph 
Collegiate Vocational Institute (GCVI). The class of approximately 15 students, was a combined Environmental Resource 
Management course and Environmental Systems and Societies course. The workshop involved a brief overview presentation on 
groundwater and some demonstrations with Guelph area rock core and an aquifer tank.

Let’s Talk Science Open House Night
Our graduate students once again participated in the Let’s Talk Science High-School 
Open House at the University of Guelph. The G360 booth included rock core obtained 
from the local bedrock aquifer, used for the City of Guelph and surrounding 
communities’ water supplies and, a bench-scale hydrogeologic model for visualization 
of groundwater flow. Over 20 members of the public visited the display and it was 
very well received.

G360 Institute engages with grade 12 students at 
Guelph Collegiate Vocational Institute (GCVI)

2017
Outreach 
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PROJECT LEAD

 
PhD, PROFESSOR

Investigating the use of FLUTeTM Liner 
Installations for Cross-Hole Hydraulic 

Testing in Crystalline Bedrock

and have been 

examined using a numerical  approach 

(HydroGeoSphere) to simulate the observed pressure response 

with preliminary success (Bishop, 2017). While still in early 

stages, results from these studies support potential use of 

FLUTeTM liners as a cross-hole testing tool especially in the 

characterization of low porosity and permeability fractured 

bedrock aquifers. 

2017 marked a year of project 

completion at the Kennedy Field 

Station (KFS) for principle investigator 

Dr. Jana Levison and Masters’ students 

Elisha Persaud and Peter Bishop. In 

collaboration with Dr. Kent Novakowski (Beaty Water Research 

Center, Civil Engineering, Queen’s University), the KFS has 

provided a unique opportunity for groundwater research within 

the crystalline rock of the Canadian Shield in eastern, Ontario. 

Since 2015, this site has served as the focal point for the 

investigation of a novel cross-hole hydraulic testing approach 

whereby FLUTeTM liner installations were used to generate a 

new style of hydraulic pulse with pressure response monitored in 

an existing network of open boreholes. This investigation builds 

on previous data collection, both hydraulic and geophysical in 

nature (e.g. constant head injection testing and ATV logging), 

supported by Queen’s University and Drs. Parker and Pehme of 

the G360 Institute. 

Collaborations/Partners/Sponsors: NSERC and the 
Ontario Graduate Scholarship (OGS) Program  Dr. 
Kent Novakowski, Professor, Civil Engineering at 
Queens University, Canada
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G360 Team: Dr. Jana Levison, 
Dr. Pete 

Pehme, Dr. Beth Parker

Jana Levison



PROJECT LEAD

PhD, PROFESSOR

Reactive Polymer Gels for In-Situ remediation 
and Pollution Containment

The reactive polymeric fluids had initial low viscosity, which 

allows them to be easily pumped to the polluted zones. The 

polymeric fluids were selected for their ability to gel upon 

contact with Cr(VI). Upon gelling, the fluids trap Cr(VI) and 

can hence prevent it from migrating in the subsurface before 

being reduced to Cr(III). Transport of the polymeric fluid 

before mixing with Cr(VI) was studied using a Quartz-Crystal 

Microbalance with Dissipation Monitoring (QCM-D) and 

their gelation upon contact with Cr(VI) was verified in batch 

experiments (Fig. 1). The effectiveness of reactive polymeric 

fluids in trapping Cr(VI) was verified in lab-scale setups, in 

which the velocity of Cr(VI) through sand was compared in 

the presence and in the absence of the reactive fluids. The 

testing conducted in the lab represents a proof of concept for 

the reactive gel technology. The broad expertise of the G360 

group in field testing, hydrogeology, and subsurface transport, 

will be essential to progress this research and validate the 

applicability of the reactive gel technology in real settings.

The majority of the existing in-situ 

remediation technologies do not allow 

simultaneously immobilizing and 

treating subsurface contaminants. The 

pollutants can therefore migrate during their 

in-situ treatment, posing a challenge to their effective remediation. 

The goal of this research is to develop reactive gels able to 

simultaneously immobilize and remediate in-situ, a range of 

subsurface contaminants, including hydrocarbons and organic 

solvents, heavy metals, and pesticides. The first part of the 

research focused on the simultaneous immobilization and 

treatment of hexavalent chromium (Cr(VI)), which is highly toxic 

and yet still used in textile dyes, wood preservation, anti-corrosion 

products, chromate coatings, and some plastics. While Cr(VI) is 

highly toxic, Cr(III) is an essential trace element in the metabolism 

of mammals, because it reduces blood glucose and cholesterol 

levels, and it aids in muscle development. Polymeric fluids were 

laden with reducing agents, able to reduce Cr(VI) to Cr(III). 

G360 Team: 
University of Guelph: School of 
Engineering – Dr. Erica Pensini, Dr. 
Abdallah Elsayed and Dr. Ashutosh 
Singh; University of Guelph: Food 
Science – Dr. Alejandro Marangoni 
and Dr. Braulio Macias
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Fig. 1 Reactive polymeric fluids before contact with Cr(VI) (left) and after contact 
with Cr(VI) (right). The dark colour of the gel is due to reduction of Cr(VI) to Cr(III).

Collaborations/Partners/Sponsors: 
NSERC Discovery Grant

Erica Pensini



PROJECT LEAD

PhD, PGeo PhD, PROFESSOR

Airborne geophysics: A tool to 
manage groundwater resources

The objective of this research is to provide groundwater 

practitioners and water resource managers with a tool and 

service that enhances one's understanding of regional 

groundwater flow systems.  A regional scale airborne survey 

covering a 50 km2 area south of Elora-Fergus was completed 

in late-2017.  This data is now being combined with 

ground-based geophysical and hydrogeological 

measurements, together with drill records, geologic and 

hydrogeologic interpretations over the study area. 

This study represents the first regional-scale testing and 

validation of the RESOLVE™ AEM system within a 

groundwater dependent region currently undergoing a Tier-3 

water budget and local area risk assessment.  Researchers at 

the University of Guelph will be exploring avenues for 

integrating new styles of data into advanced groundwater 

flow models.  The insights gained through this work will be 

transferable to groundwater practitioners, groundwater 

researchers, government agencies and public interest groups.

Source Water Protection represents a 

shared responsibility to safeguard our 

drinking water from harmful 

contamination and exploitation.  G360 

has partnered with CGG Canada – a global 

airborne geophysical services provider – through the Southern 

Ontario Water Consortium (SOWC) Advancing Water 

Technologies (AWT) Program, to conduct an evaluation of 

airborne geophysical exploration technologies to map and 

characterize municipal water resources. Airborne geophysical 

surveys have become a feasible tool in the resource exploration 

community, particularly in water stressed regions of the world.  

Canadian companies have been at the forefront of airborne 

geophysical technologies for many decades largely because of 

our expertise in conventional resource exploration.  However, 

application of these technologies has been limited due to lack of 

awareness among the groundwater community and availability of 

suitable field sites to validate the results.  

G360 Team: Dr. Colby Steelman (Research Associate), Oliver Conway-White (BSc Intern), Dr. Beth Parker and Dr. Emmanuelle Arnaud 
Collaborations/Partners/Sponsors: Dr. Hernan Ugalde (University of Brock), Adam Smiarowski (CGG Canada)
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Colby Steelman & Beth Parker



PROJECT LEAD

PhD, PROFESSOR

Water Supply Protection

to refine the site conceptual model and design a multilevel 

monitoring system to provide ongoing monitoring of water 

chemistry in three dimensions.  Ongoing data processing and 

interpretation are underway to help define hydrogeologic 

units and prepare for three dimensional numerical modelling.  

This information is being compiled to create a Sentry Well 

network that will help the City of Guelph predict changes to 

municipal well water quality. 

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 a 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. 

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, 

G360 Team: Jackie Harman (Research Associate), 
Chrystyn Skinner (MSc student), Kathleen Johnson 
(MSc student), Teresa Pilato (MSc student), Dr. 
Pete Pehme, Dr. Beth Parker and Dr. Emmanuelle 
Arnaud

G360 system installation Core logging and samplingCore crushing and sampling in the field
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Collaborations/Partners/Sponsors: City of Guelph, 
Golder Associates, Matrix Solutions

Beth Parker
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Investigation of the Potsdam 
Group Sand-stone Aquifer 

Vulnerability with the DFN-M 
Approach

PROJECT LEAD

PhD, PROFESSOR      PhD, PGeo

As cities grow, surrounding rural communities often experience development 

stresses such as increased demand on local aquifers. Rural aquifers can have 

different threats than city centres, such as nitrates from agriculture or 

pathogens related to septic systems, that may not have historically been a 

dominant concern, but become so under the increased water demands. Case in 

point are several communities surrounding Ottawa, Ontario. The City of 

Ottawa has engaged a project team that includes industry (Geofirma Inc.), 

academia (G360 and the University of Ottawa) and government research 

(Geological Survey of Canada) to examine the deeper Nepean sandstone as an 

alternative water supply. The study started in the growing community of 

Greely, which is surrounded by agricultural lands, homes have individual 

septic systems, and a shallow bedrock aquifer provides the sole water supply 

from a communal well. An initial borehole was continuously cored through the 

Paleozoic bedrock sequence into the Precambrian close to the existing 

pumping well. The detailed Discrete Fracture Network – Matrix (DFN-M) 

approach was applied including rock core logging, chemical analysis, 

geophysical logging, hydrogeologic and hydro-geophysical testing, with 

cross-hole testing pending. In addition to dealing with Greely’s challenges, the 

multiple high-resolution data sets provide insight into this complex 

geologic/hydrogeologic setting and an initial assessment of the sandstone’s 

viability as a water supply elsewhere.

Collaborations/Partners/Sponsors: Michel Kearney (City of 
Ottawa), Tom Al and Ian Clark (University of Ottawa), Heather Crow 
(Geological Survey of Canada), Sean Sterling (Geofirma Inc.)
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G360 Team: Dr. Peeter Pehme, Dr. Beth Parker, Steven Chapman (Sr. 
Hydrogeologist) 

Beth Parker & Pete Pehme



PROJECT LEADS

PhD, PROFESSORS

Brooks FRS: Groundwater 
Understanding and 
Summary Activities

     Understanding the subsurface migration of fugitive methane (CH4) emissions and their 

interaction with groundwater, often a source of drinking water in rural areas where this gas 

development occurs, is a key research and technology focus of the G360 Institute at the University 

of Guelph. Fugitive methane associated with hydraulic fracturing and carbon capture programs 

most likely originates from the shale target formation and escapes during extraction either by 

failures in the casing/cement or migration along the well seal.  It is important to understand the 

likelihood of migration in the subsurface to recognize the potential risks of carbon capture 

programs.

     Drs. Beth Parker and John Cherry and their research team at the G360 Institute have been 

collaborating with the University of Calgary on a carbon capture and storage (CCS) research site 

located in the eastern part of Alberta, near the community of Brooks in Newell County. The site is 

managed by the Containment and Monitoring Institute (CaMI) of Carbon Management Canada, 

and led by Dr. Don Lawton. Professor Lawton has developed a comprehensive Field Research 

Station (FRS) to facilitate and accelerate research and development leading to improved under-

standings and technologies for geological containment and storage of CO2, and monitoring of 

fossil fuel production and environmental mitigation. Dr. Parker and her G360 team have been 

responsible for the planning, design and implementation of the groundwater research aspects of 

this FRS. 

     The G360 Institute has implemented a suite of subsurface infrastructure designed to provide 

high-resolution monitoring of the groundwater at the FRS to study the impacts of gas migration, 

both carbon dioxide and methane, within the upper 100m of the subsurface (known as the shallow 

zone).  The infrastructure includes a well, designed to represent a typical conventional water 

supply well, a Westbay multi-level system (MLS) that has 26 depth discrete monitoring ports and a 

G360 MLS that contains 13 monitoring ports .Groundwater has been sampled for water chemistry, 

dissolved gas, isotopes and noble gases. These data are further complemented by several hydrau-

lic head measurements (multiple snapshots and continuous recording), collected over the last two 

years, which shows a general trend of decreasing head with depth.  This supports the conclusion 

that the vertical component of groundwater flow is generally downward in the zone above 100m.  

Collaborations/Partners/
Sponsors: G360 Institute, CaMI, 
Western Economic 
Diversification Canada, 
Chevron, Nexen, Shell, Drs. 
Donald Lawton and Bernhard 
Mayer, University of Calgary
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G360 Team: Leon Halwa 
(Research Associate), Terri 
Cheung (MSc student), Dr. Beth 
Parker, Dr. John Cherry 

Beth Parker & John Cherry



suite of G360 tools in the Discrete Fracture Network – Method (DFN-M) 

Approach, to characterize contaminant distributions and groundwater and 

contaminant mass flux for comparison to the FACT datasets.  Initial trials 

have already been conducted in a borehole at the NAWC site, in 

conjunction with Strategic Environmental Research and Development 

Program (SERDP) ER-2421 project – Investigating the Sensitivity of 

Emerging Geophysical Technologies to Immobile Porosity and Isolated 

PhD  MSc

Evaluation of FLUTe FACT™ as 
Screening Technology for VOC Distri-

bution in Fractured Rock Boreholes

DNAPL and Dissolved/Sorbed VOC Mass in Fractured Media, and the major field efforts are 

planned for Summer – Fall 2018 at both sites. Find more information on this project here.
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     The objective of this project is to complete a 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 the 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. Another objective is to assess how 

varying primary porosity affects the results. If FACT™ results 

are shown to provide a useful measure of the in-situ 

contaminant distribution / mass flux then this screening tool     FLUTe™ liner with FACT™ strip 

can be used to improve the quality of site characterizations and conceptual site models (CSM) 

while reducing the cost of characterization. Improvement in the CSM translates into more 

efficient and effective remedies. 

     Performance assessment is being conducted at the former Naval Air Warfare Center (NAWC) 

site in New Jersey (bedded mudstone) and at the former Loring Airforce Base in Maine 

(limestone). Characterization efforts at the sites in the demonstration boreholes will include the 

G360 Team: Dr. Beth Parker, 
Dr. Pete Pehme, Steven 
Chapman (Sr. 
Hydrogeologist)

Collaborations/Partners/
Sponsors: ESTCP, Seth 
Pitkin, Jason Flattery, Mike 
Rossi (Cascade Technical 
Services), Carl Keller 
(FLUTe), Dr. Mette Broholm, 
Klaus Mosthaf (Danish 
Technical University), Tom 
Imbrigiotta, Dan Goode, 
Pierre Lacombe (USGS), 
Naji Akladiss (Maine 
Department of Environ-
mental Protection)

PROJECT LEADS

Beth Parker & Seth Pitkin

https://www.serdp-estcp.org/Program-Areas/Environmental-Restoration/Contaminated-Groundwater/Persistent-Contamination/ER-201630/


PROJECT LEADS

PhD, PROFESSORS

Phytoremediation Study
of Toluene in Bedrock

Aquifer

Collaborations/Partners/Sponsors: Alan Scheibner (BP), David Tsao (BP)

     At the Alice Street site a phytoremediation study was 

conducted in a fractured dolostone aquifer, which was 

contaminated by toluene 40 years ago. The toluene 

contamination is confined in the saturated shallow bedrock 

with concentrations at the aqueous solubility limit. In 2008, a 

phytoremediation approach was applied by installing a tree stand system consisting of 

51 hybrid poplars. Nine years later, in 2017, the poplar trees were mature enough to 

assess the efficacy of the phytoremediation system by measuring the toluene uptake 

rate of the trees and by investigating whether the trees enhance toluene degradation in 

the unsaturated zone. 

     The research was conducted in collaboration with Dr. Kari Dunfield’s 

microbiology research group at the University of Guelph. Toluene uptake rates were 

determined by sampling the tree sap, while toluene degradation in the unsaturated 

zone was investigated by molecular and compound-specific isotope analyses (CSIA). 

Depth-discrete samples for molecular analysis were taken from three trenches, which 

were advanced to a depth of 1.8m, just above the water table. Samples for CSIA were 

taken from three multilevel soil vapour probes by installing Waterloo Membrane 

Samplers for 70 days. Preliminary results showed that significant toluene mass was 

taken up by the trees and toluene degradation is enhanced by the trees in the 

unsaturated zone, thus demonstrating the success of the phytoremediation system.
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G360 Team: Philipp Wanner (Postdoctoral Fellow), Jeremy Fernandes 
(MASc Student), Michael Ben-Israel (PhD candidate), Steven Chapman, 
Juliana Camillo, Dr. Ramon Aravena, Dr. Kari Dunfield, Dr. Beth Parker, 
Faten Salim, Andrea Roebuck (MSc student)

Kari Dunfiled, Ramon Aravena
& Beth Parker 



PROJECT LEAD

Jessica Meyer & Beth Parker
PhD, PROFESSORS

Evidence for Source Zone Mass 
Decline from Comparison of Rock 

Core Profiles Collected 10 Years 
Apart

specific depth horizons. Comparison of total mass estimates for 

each core indicate an apparent mass loss of ~ 80%, most of which 

occurs in the shallow bedrock units (Fig. 2). 

 Collaborations/Partners/Sponsors: Hydrite Chemical Co.

Prior to 1970, over 70,000 liters of dense 

non-aqueous phase liquids (DNAPLs) 

were released into the subsurface at the 

Hydrite site in south central Wisconsin.

The mixed organic DNAPL migrated through 

unconsolidated glacial sediments and shallow sedimentary 

bedrock, eventually accumulating about 56 meters below ground 

in a fractured sandstone, with decades of dissolution and diffusion 

into the lower permeability but porous rock matrix. The objective 

of this study was to characterize the temporal evolution of 

contaminant mass in the source zone by comparing two co-located 

rock core volatile organic compound (VOC) concentration 

profiles, one collected in 2003 and the other in 2014 (Fig. 1). 

Fig. 1. Location of the MP-7 (collected in 2003) and MP-24S (collected 
2014) rock cores in relationship to the DNAPL source zone. 

The rock core VOC profiles provided depth discrete and detailed 

(at least 1 sample/foot of core) quantification of the contaminant 

mass in the rock matrix. The 2003 core shows relatively uniform 

rates of mass accumulation with depth for most contaminants; 

whereas, the 2014 core shows highly variable rates of mass 

accumulation with depth, particularly in the shallow rock units. 

These results indicate variable flushing and degradation rates for 

Fig. 2. Between 2003 and 2014 there was an apparent mass loss of ~ 80% in the rock 
matrix. Concentrations of methane (dichloromethane) and ketones changed the most 
over that time period (adapted from Buckley, MSc, 2017).  

Assessment of specific contaminants shows declines in 

concentration for parent ethanes and ethenes, dichlormethane and 

methyl isobutyl ketone, and increases in concentrations for daughter 

products (e.g., chloroethane, vinyl chloride). Core and borehole 

geophysical logs and hydraulic testing provide site-specific 

parameters for evaluating the role of various attenuation processes 

(e.g., flushing by advection, dispersion, diffusion, sorption, abiotic 

and biotic degradation) influencing source zone fluxes and 

longevity. The insights from this temporal comparison will inform a 

process-based site conceptual model for natural source zone 

depletion and improve remedial technology assessments.
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G360 Team: Dr. Jessica Meyer, Dr. Beth Parker, Brian 
Ndirangu (MSc student), Andrew Buckley (MASc student)



PROJECT LEAD

Emmanuelle Arnaud
PhD, PROFESSOR

G360 Research featured in 
Canadian Journal of Earth 

Sciences Special Issue

MacCormack et al. present a multiple variogram approach that 

improves subsurface geological modeling of complex and 

heterogeneous glacial deposits.  Lastly Arnaud et al. characterize 

the scale and nature of heterogeneity in sediment type and 

hydraulic conductivity in the Paris Moraine and the implications 

for groundwater flow and contaminant transport at the site scale in 

this ice marginal setting.  Other papers  in the special issue focus 

on the Dundas buried valley (Bajc et al.), Laurentian trough 

(Mulligan and Bajc, Sharpe et al.), including the Yonge Street 

aquifer (Gerber et al.), the Orangeville Moraine (Burt), downhole 

geophysical data and sediment properties (Crow et al.), the 

sedimentary record of ice marginal processes along Lake Erie 

(Karrow and Barnett) and changing environmental conditions and 

hydrogeological function of deglacial lake deposits (Mulligan et 

al.). The special issue is open access, G360 papers are already 

available online.

Collaborations/Partners/Sponsors: 
Ontario Research Fund, Canadian Foun-
dation for Innovation and Southern 
Ontario Water Consortium, OMAFRA, 
NSERC, Geological Survey of Canada

The special issue entitled Quaternary 

Geology of Southern Ontario and 

Applications to Hydrogeology brings 

together 11 papers (3 authored by 

members of G360) that provide refined 

geological conceptual models and address the implications for 

source water protection and groundwater resource management. 

Co-edited by G360 PI Dr. Emmanuelle Arnaud and Geological 

Survey of Canada colleague Dr. Hazen Russell, with the Ontario 

Geological Survey as collaborators, the issue focuses on buried 

valleys, moraines, and late glacial lake basins to provide insights 

on aquifer/aquitard distribution, connectivity, heterogeneity and 

modeling approaches.  These studies are supported by 

sedimentological, stratigraphic, geophysical and hydrogeological 

data sets from a number of sites throughout southern Ontario. 

Steelman et al. demonstrate the effectiveness of electrical 

resistivity and seismic refraction surveys in characterizing a 

tributary buried bedrock valley in a partially urbanized area and 

discusses the potential connection between buried valleys and 

water well productivity.  
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G360 Team: Drs. Beth Parker, 
Emmanuelle Arnaud, Colby Steelman

http://www.nrcresearchpress.com/doi/abs/10.1139/cjes-2018-0119#.W0UBnNJKg2w


PROJECT LEAD

Jian Guo
PhD

Climate Change Collaboration with Chengdu 
University of Technology

A collaborative project between G360 and SKLGP (State Key 

Laboratory of Geohazard Prevention and Geoenvironment 

Protection, Chengdu University of Technology) with funding 

support from the Chinese Government, aims to outfit boreholes 

with the multi-level systems designed by G360 at the Kualiangzi 

landslide site in China. This would be the first instance of 

multi-level systems being used in a 

multilayer fractured rock 

landslide system to exhibit 

critical porewater 

pressures. This 

innovative approach to 

monitor groundwater could 

be adapted to landslide prone 

areas all around the world. Dr. Jian 

Guo, spent 1 year with the G360 group in Guelph, 

Canada to progress work on this project.

G360 Team: Dr. Jian (Jerry ) Guo, visiting 
scientist from Chengdu University of 
Technology, Dr. Beth Parker, Dr. John Cherry 
and Kenley Bairos (Research Associate)

Amidst global climate change as we 

know it, the increase in frequency of 

extreme rainfall events can be directly 

correlated to an increase in the occurrence 

of landslides throughout the world. It is well 

known that landslides are commonly instigated by an increase in 

groundwater pressure following heavy rainfall events. However, 

the understanding of the influences and timing of the groundwater 

pressure conditions triggering sliding remain poorly understood 

because of a lack of field examples where sufficient detail of 

measurement of the pressure distribution has been made. With the 

support of Multi-Level System (MLS) by G360, the 

high-resolution data will provide new insights into the landslide 

mechanism and facilitate predictions of land movements through 

real time monitoring.
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Collaborations/Partners/Sponsors: Dr. Qiang 
Xu, Chengdu University of Technology



PROJECT LEAD

Amanda Pierce
MSc, PGeo

Groundwater Sampling at the Santa 
Susana Field Laboratory: Wet and Dry 

Season Sampling of Seep Well Clusters

During this period, a declining trend of the water levels, 

related to the low recharge rates, was observed in groundwater 

monitoring wells across the site. The rainfall in late 2016 and 

early 2017 was considered average and provided G360 with the 

opportunity to collect groundwater samples from the well 

clusters located at 13 seep discharge locations in April, 

representing wet season conditions, and then again in 

September, representing for dry season conditions.  

Groundwater samples were analysed for a suite of 

hydrochemical and isotopic constituents that will be used in 

conjunction with recharge studies (Manna et al., 2016; Manna 

et al., 2017) and the site-wide 3-D groundwater flow model for 

groundwater flow path analysis and to evaluate the influence 

of local groundwater flow paths on seep discharge.

G360 Team: Amanda Pierce (Sr. Hydrogeologist), Dr. 
Ferdinando Manna (Postdoctoral Fellow), Dr. Beth 
Parker

The investigation of groundwater 

discharging at seeps located in 

ephemeral streams and drainages along 

the mountain bedrock slopes, 

down-gradient of the Santa Susana Field 

Laboratory (SSFL), has been an on-going project since 2002. 

More than 150 seeps have been identified surrounding the SSFL 

and are considered possible receptors for contaminants 

originating onsite. No contaminants were detected in off-site 

seeps during sampling events between 2002 and 2008, where 

seep discharge water was directly sampled at surface.  

To better maintain 

sample integrity, 

minimize surface water 

and soil effects, and 

capture shallow, 

intermediate and deep 

groundwater flow paths, 

starting in 2011, small

diameter holes were drilled at a subset of seeps and instrumented 

with clusters of piezometers (Pierce et al. 2018).  Sampling 17 of 

these clusters between 2011 and 2013 indicated no contaminants 

present in these offsite seeps.  Due to the latest major drought in 

California which extended between 2012 and 2017, the seep well 

clusters were sampled diurnally to capture the effects of annual 

variations in precipitation.  
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Partners/Sponsors: 
The Boeing Company, Matrix Solutions



PROJECT LEAD

Peeter Pehme
PhD, PGeo

Collaborative Testing of New Technologies: 
Magnetic Nuclear Resonance (MNR)

In the fall of 2017, ALT and Mount Sopris turned to both G360 

and the Geological Survey of Canada (GSC) for support and 

access to test facilities at the Groundwater Discovery Centre 

(limestone, dolomite and shale) and Bell’s Corners site 

(sandstone and Precambrian granite). Both the Groundwater 

Discovery Centre and Bells Corners sites provide ideal 

proving grounds because both the core and the boreholes have 

undergone extensive highly detailed geologic, geophysical, 

hydro-geophysical and hydrogeologic testing. With technical 

support from DGI Geosciences (Toronto) the team 

collaborators conducted extensive testing at both the G360 and 

GSC’s test facilities. Although data analysis continues and the 

initial results were mixed there are plans to refine the tool 

parameters and conduct another round of testing in 2018.

G360 enjoys the support and collaboration 

of a numerous industrial partners and 

other state sponsored researchers in a 

broad range of industries. When new 

approaches or technologies are developed 

(internally or by others), new opportunities are created through 

collaborative testing and development, bringing together 

complimentary areas of expertise, access to specialized equipment 

or unique infrastructure such as the G360 Discovery Centre. 

Advanced Logic Technologies (ALT) of Luxemburg, a G360 

sponsor for several years, is at the forefront of developing state-

of-the-art borehole geophysical imaging technologies as well as 

data processing software (Wellcad). ALT in collaboration with 

GHD Pty Ltd and Mount Sopris have developed a new magnetic 

nuclear resonance (MNR) geophysical logging tool. MNR sondes 

use advanced technology similar to that used in medicine to 

determine the water content (porosity) in soils or rock and 

estimate the relative proportions of bound and mobile water.
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G360 Team: Dr. Peeter Pehme , Dr. 
Beth Parker, Steven Chapman (Sr. 
Hydrogeologist)

Collaborations/Partners/Sponsors: 
ALT, GHD, Mount Sopris, Heather 
Crow (Geological Survey of Canada), 
DGI Geosci-ences, Michel Kearney 
(City of Ottawa)



PROJECT LEAD

Steven Chapman
MSc, PEng

Assessment of Aquitard Diffusion and Degrada-
tion Processes and Back Diffusion Effects on 

Plume Persistence following Source Treatment: 
Florence, SC Site

Early time conditions were established via major field episodes 

in 2008 and groundwater monitoring has been ongoing using a 

network of multi-level systems (MLS) along transects. In March 

2018, a major field episode is planned to evaluate conditions a 

decade after treatment including multifaceted sampling of cores 

for target VOCs, degradation products, CSIA, 

microbial characterization, etc., and application of

more recent techniques including Geoprobe 

MiHPT (membrane interface probe / hydraulic 

profiling tool). Investigations of conditions

G360 Team: Steven Chapman (Sr. Hydrogeologist), Dr. 
Beth Parker, Philipp Wanner (Postdoctoral Fellow)

A detailed research study has been 

ongoing since 2008 to evaluate effects 

of mass storage and release from low 

permeability zones within a surficial 

heterogeneous sandy aquifer underlain by an 

organic-rich clayey aquitard on plume persistence and 

aquitard integrity. The mixed chlorinated solvent 

dense non-aqueous phase liquid (DNAPL) source 

zone was treated in-situ by soil mixing with zero-

valent iron and bentonite (ZVI) in late 2007, with the 

aim of reducing mass discharge from the source zone via 

abiotic degradation and permeability reduction. The goals of the 

study are to collect clear performance data for evaluating 

downgradient response to treatment including back diffusion 

effects. 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 volatile organic compounds (VOC) 

sub-sampling to quantify contaminant distributions, and (3) 

microbial characterization and application of compound-specific 

isotope analyses (CSIA) for assessment of degradation. 
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This study is unique in the long time frame for post-treatment 

monitoring as well as the high resolution characterization efforts to 

provide clear process-based performance data.

within the treated source will also be examined.

Collaborations/Partners/Sponsors: Erin Mack (DuPont), 
Ed Seger, Craig Bartlett (Chemours), Dr. Frank Loeffler 
(University of Tennessee), The University Consortium 
and NSERC Discovery Grant.



     The structure of the Groundwater Discovery Centre – GDC (formerly the Bedrock 

Aquifer Field Facility - BAFF) was built in 2009. Since then, little has been done to 

update the existing shell. With groundwater research and understanding becoming ever 

more necessary with our growing population and limited surface supply, the absolute 

requirement of this facility’s completion is imminent. The GDC itself is designed to 

house and host an array of features including but not limited to: high resolution real-time 

measuring and monitoring equipment; demonstration boreholes; the ability to acquire 

large data set with infrastructure for analysis, modelling and characterization.  With the 

addition of the Discovery Centre, advanced learning, collaboration and problem solving, 

coupled with real field work and hands-on experience can revolutionize the way ground-

water is studied and protected.

     In addition to the research and education elements of the facility, the goal is to have 

significantly broader scope by engaging in outreach activities that encompasses all age 

ranges as well as doing our part in resource stewardship in ensuring groundwater resource 

conservation in areas of agriculture, mineral, oil and gas exploitation, road salt 

treatments, watersheds and flow systems. In 2017, the G360 Institute embarked on the 

prospect of raising the funds through the University of Guelph alumni affairs to see this 

facility finished. We are working fervently to make this a reality and we need support in 

any fashion to realize this vision.

Funding for the current 

building provided by:

 CFI

University of Guelph     

With support from :

Gamsby and Mannerow 
Engineers

V.A. Wood Inc.

RJ Burnside and Associates 
Limited

Aardvark Drilling Inc. 

Post Farm Structures Inc.

Groundwater Discovery Centre Fund Raising Initiative

Groundwater Discovery Centre - Current facility exterior

The Next Phase
Groundwater Discovery Centre 
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JUNE BP SAFETY STAR AWARD
Three G360 team members, Jonathan Munn, Carlos Maldaner, and Jeremy Fernandes, were 
awarded the BP Safety Star in June of this year for their safe practices while performing field 
work at the Alice Street Site. This site has been an active G360 research site as part of an 
NSERC CRD project under Dr. Beth Parker since 2014. 

MICHAEL BEN-ISRAEL 2ND PLACE IN STUDENT PRESENTATION COMPETITION
At a competition of the 14th International Phytotechnologies Conference, Michael Ben-Israel received 2nd place in the student 
platform presentation competition (out of 50 student presenters from around the world). Michael is a PhD student of Dr. Kari 
Dunfield at University of Guelph School of Environmental Sciences.

PHILIPP WANNER IS AWARDED ADRIEN GUÉBHARD-SÉVERINE PRIZE
Our very own Philipp Wanner has been awarded the prestigious Adrien Guébhard-Séverine 
prize for his PhD Thesis. The Adrien Guébhard-Séverine prize is awarded annually or every two 
years by the Faculty of Sciences to a PhD student from the University of Neuchâtel, Switzerland 
who has completed a PhD thesis in the field of hydrogeology or geothermal energy.

KATHLEEN JOHNSON AWARDED ARRELL SCHOLARSHIP 

Awards 

Kathleen Johnson, was awarded one of five Arrell Scholarships from the University of Guelph this past summer. The Arrell Food 
Institute at the University of Guelph provides scholarships for emerging graduate-level scholars who are not only academically 
outstanding but also passionately committed to ensuring that future generations are well fed, that diets are nutritious and equita-
ble, and that agriculture is sustainable. Kathleen’s research will focus on understanding the flow and fate of contaminants in the 
fractured bedrock aquifer beneath the City of Guelph.

G360 VOTED ONE OF THE BEST CONFERENCE PAPERS AT SAGEEP IN 2017
A paper from Colby Steelman, a researcher at the G360 Institute, was voted as one of the best delivered at the SAGEEP conference 
in 2017. The paper's title "Hydrogeophysical Investigations in Fractured Bedrock Rovers: Understanding Groundwater-Surface 
Water Interactions, Subsurface Flow and Transport" was published in Hydrology and Earth System Science journal. 

DR. BETH PARKER AWARDED NOVA DOMUS GRANT
Dr. Beth Parker recently completed a Nova Domus sponsored research exchange at Lund University where she was an invited 
speaker on "time scales – geologic vs contaminant and high resolution characterization needed for groundwater flow system and 
transport predictions: How much data is enough?" Beth stated “This Nova Domus program offered an amazing opportunity to 
connect with new colleagues and a new place that may have never otherwise occurred. I am grateful for this memorable experi-
ence and looking forward to continuing the scientific collaborations with Dr. Sparrenbom and her colleagues for many years“. 

ONTARIO GRADUATE SCHOLARSHIP AWARDS
The Ontario Graduate Scholarship (OGS) Program recognizes academic excellence in graduate studies at the master's and doctoral 
levels in all disciplines of academic study. Three OGS scholcarships were awards to new G360 students: Chrystyn Skinner, Sam 
Jacobson and Chris Morgan.
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Graduates
TARA HARVEY (January 2017)
Primary Supervisor(s): Dr. Emmanuelle Arnaud and Dr. Beth Parker
Thesis: Hydrogeological Characterization of Contaminated Glacial Sediments in South Central Wisconsin
Position: Environmental scientist, Cole Engineering Group

ELISHA PERSAUD (JANUARY 2017)
Primary Supervisor(s): Dr. Jana Levison
Thesis: Innovative application of FLUTeTM liners for cross-hole hydraulic testing in crystalline bedrock aquifers
Position: Research Associate, School of Engineering, University of Guelph

JEREMY FERNANDES (FEBRUARY 2017)
Primary Supervisor(s): Dr. Beth Parker
Thesis: Nature and Extent of Toluene Contamination in a Shallow Dolostone Aquifer using High Resolution Methods for Assessing Natural and 
Anthropogenic Influences
Position: Staff Scientist at Geosytec Consultants

ANDREW BUCKLEY (MAY 2017)
Primary Supervisor(s): Dr. Beth Parker
Thesis: Contaminant Mass Distribution of a Mixed Organic Contaminant Plume Down-Gradient of an Aged DNAPL Source Zone in Sedimentary 

MANSOUR SALEK (AUGUST 2017)
Primary Supervisor(s): Dr. Bahram Garabhagi
Thesis: CAD-DRASTIC: A modified method for road salt vulnerability analysis in groundwater

SCOTT GARDNER (SEPTEMBER 2017) 
Primary Supervisor(s): Dr. Jana Levison

Masters Graduates

Thesis: Groundwater Nitrate in Three Hydrogeologic Settings Throughout Southwestern Ontario 
Position: PhD Candidate, University of Guelph

DONOVAN CAPES (DECEMBER 2017) 
Primary Supervisor(s): Dr. Beth Parker and Dr. Colby Steelman
Thesis: Utility of Ambient Groundwater Temperature Profiling within Sealed Bedrock Boreholes for Fracture Flow Characterization in Seasonally 
Dynamic Environments
Position: Natural Resources Specialist at Nestlé Waters North America

PETER BISHOP (DECEMBER 2017) 
Primary Supervisor: Dr. Jana Levison
Thesis: Using a Numerical Modeling Approach to Simulate the Hydraulic Response to a FLUTEeTM Liner Installation
Position: Research Assistant at Université du Québec à Montréal

PhD Graduates
CARLOS MALDANER (JULY 2017)
Primary Supervisor(s): Dr. Beth Parker
Thesis: Discrete-depth measurements of natural gradient groundwater flow in fractures using borehole tracer methods
Position: Postdoctoral Fellow at the G360 Institute 

CELIA KENNEDY (AUGUST 2017)
Primary Supervisor(s): Dr. Beth Parker and Dr. Gary Parkin
Thesis: Groundwater - Surface Water Interactions in the Discrete Fracture Networks of Bedrock Rivers
Position: NSERC CREATE ReDeveLoP Program Manager, Department of Geoscience, University of Calgary
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Adam started with the G360 Group in 2007 as Parker’s first MSc student at 

the University of Guelph.  His research work brought him all the way to 

sunny South Carolina, where he worked on studying the transport and fate 

of chlorinated solvent contamination in a highly heterogeneous sandy 

aquifer.  After completing his thesis he stayed with the group as a Project 

Manager, focusing on work at fractured-rock field research sites in the 

City of Guelph and surrounding area. He reluctantly departed G360 to 

pursue an opportunity as a private-sector environmental consultant in the 

Laura completed her BSc in Environmental Science in 2007 and was working with the MOECC when 

she received a call, while standing in a river collecting samples, from Dr. Beth Parker, offering an 

opportunity to be a graduate student in Water Resources Engineering at the University of Guelph.  Her 

research focused on using a novel passive no-purge sampling device (the SNAP Sampler™) to charac-

terize vertical variability of groundwater hydrochemistry and isotope composition in open boreholes to 

further evaluate the degradation of trichloroethene in fractured sandstone at the Santa Susana Field 

Laboratory, Ventura County, California.  Upon completing a MASc in 2010, she began a career with 

Geosyntec Consultants Inc. as a Junior Level Geoscientist-in-Training and is currently an 

Intermediate Hydrogeologist and Field Manager in the Waterloo office. Laura has accumulated over 9 years of experience 

focusing on site characterization and groundwater remediation in Canada, the United States, and Australia.  She is involved in 

the development of Conceptual Site Models (CSMs) and Remediation Strategies in glacial till and fractured bedrock using a 

variety of innovative tools and techniques. In addition, Laura plays a key role in training and mentoring junior staff at Geosyntec 

and has recently organized and presented the field demonstration component for organic sampling to graduate students at 

the University of Waterloo Hydrogeology Field School in 2018.

Adam Gilmore

Greater Toronto Area.  As a consultant, he worked on several large-scale subsurface characterization and remediation projects 

at sites across Canada and the USA.  He has since moved-on to the Regional Municipality of Halton, where he currently serves 

as a Supervisor responsible for the master planning of regional water and wastewater infrastructure projects to service a rapidly 

growing population.  Most importantly, he is the proud husband of Lindsay and father of Ella and Noah, who currently take up 

most of his free time and all of his energy.

Laura Zimmerman

Where are they now? 
Past Team Members 
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Tara Harvey
Tara completed her MSc at G360 in January 2017 with Drs. Arnaud and 

Parker. Tara then worked for G360, contributing to field work in Guelph and 

Wisconsin, finalizing her thesis and designing outreach and education 

materials workshops for high school students and College Royal. Tara’s 

passion for education outreach continued from her involvement in Let’s 

Talk Science during her masters, where she coordinated STEM outreach to 

students from Kindergarten to grade 12. Since leaving G360, Tara has been 

working for Cole Engineering Group Ltd., in Markham as an Environmental 

Scientist. In this position she has completed a number of hydrogeological investigations including pre- and post-development 

water balances, groundwater mounding, nitrate loading, and groundwater-surface water interaction analysis. Tara is still 

connected to Guelph as she has aided in the technical peer review of several hydrogeological investigations for new 

developments in the South end of Guelph by scrutinizing the investigation methodology and conclu-sions. Although Tara has a 

junior position at COLE she has been able to take on intermediate level work and continues to take on additional responsibilities 

as she starts managing more projects.

Where are they now? 
Past Team Members 

Andrey Fomenko
Andrey started with G360 as a MSc student in autumn 2012 with Dr. Beth Parker as his supervisor. After graduation, he worked as 

a research associate for G360 for a year. He traveled to Alberta to work on the CMC project and to California for SSFL.  After G360 he 

was invited to join the geoscience group at Golder Associates head office in Mississauga. The duties at Golder mainly included 

hydrogeological support of the various geotechnical investigations, environmental compliance supervision, site environmental 

assessments, site remediation, directional drilling supervision, geological 

mapping. Another change came in the summer of 2017 when he switched 

his career towards applied hydrogeology and management  of dewatering 

projects at Aquatech Dewatering  Company. This new job offers an

opportunity to exercise skills in estimating, designing, and executing large 

municipal and mining dewatering projects. In his spare time, he is generally 

devoted to rock climbing, camping, kitesurfing and biking.
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Where are they now? 
Publications 

Marchesi, M., Alberti, L., Shouakar-Stash, O., Pietrini, I., deFerra, F., Carpani, G., Aravena, R., Franzetti, A., Stella, T. 2017. 37Cl-compound specific isotope analysis and assessment of functional genes for 
monitoring monochlorobenzene (MCB) biodegradation under aerobic conditions. Science of the Total Environment, 619-620: 784-793. DOI: 10.1016/j.scitotenv.2017.11.150

Fraser, T., Lynch, D. H., Gaiero, J., Khosla, K. & Dunfield, K. E. (2017). Quantification of bacterial non-specific acid (phoC) and alkaline (phoD) phosphatase genes in bulk and rhizosphere soil from organically 
managed soybean fields. Applied Soil Ecology, 111: 48-56. DOI: 10.1016/j.apsoil.2016.11.013

MacDonald, G., Levison, J., Parker, B.L. 2017. On methods for in-well nitrate monitoring using optical sensors. Groundwater Monitoring and Remediation, 37(4): 60-70. DOI: 10.1111/gwmr.12248

Persaud, E., Levison, J., Pehme, P., Novakowski, K., Parker, B.L. 2018. Cross-hole fracture connectivity assessed using hydraulic responses during liner installations in crystalline bedrock boreholes. Journal of 
Hydrology, 556: 233-246. DOI: 10.1016/j.jhydrol.2017.11.008 

Cahill, A.G., Parker, B.L., Mayer, B., Mayer, K.U., Cherry, J.A. 2017. High resolution spatial and temporal evolution of dissolved gases in groundwater during a controlled natural gas release experiment. Science of 
Total Environment, 622-623: 1178-1192. DOI: 10.1016/j.scitotenv.2017.12.049

Manna, F., Walton, K., Cherry, J.A., Parker, B.L. 2017. Mechanisms of recharge in a fractured porous rock aquifer in a semi-arid region. Journal of Hydrology, 555, 869-880, DOI: 10.1016/j.jhydrol.2017.10.060 
Beth, John, 28 October 2017

Eissa, M.A., De-Dreuzy, J.R., Parker, B.L. Integrative management of saltwater intrusion in poorly-constrained semi-arid coastal aquifer at Ras El-Hekma, Northwestern coast, Egypt. Groundwater for Sustainable 
Development, 6: 57-70. DOI: 10.1016/j.gsd.2017.10.002 

Zhao, J., Al, T., Chapman, S.W., Parker, B.L., Mishkin, K.R., Cutt, D., Wilkin, R.T. 2017. Determination of Cr(III) solids formed by reduction of Cr(VI) in a contaminated fractured bedrock aquifer: Evidence for 
natural attenuation of Cr(VI). Chemical Geology, 474: 1-8. DOI: 10.1016/j.chemgeo.2017.10.004

Jiang, Y., Nyiraneza, J., Murray, B.J., Chapman, S.W., Malenica, A., Parker, B.L. 2017. Vadose zone processes delaying groundwater nitrate reduction to BMP implementation observed in paired cultivated vs. 
uncultivated potato rotation fields. Journal of Hydrology, 555: 760-776. DOI: 10.1016/j.jhydrol.2017.10.012

MacCormack, K., Arnaud, E., and Parker, B. L. 2017. Using a multiple variogram approach to improve subsurface geological models. Canadian Journal of Earth Science Special Issue on Quaternary geology of 
Southern Ontario and applications to groundwater understanding. Published online September 26, 2017. DOI: 10.1139/cjes-2016-0112

Kashir, M., McGregor, R., Gusti, W., Shouakar-Stash, O. 2017. Chemical oxidation using stabilized hydrogen peroxide in high temperature, saline groundwater impacted with hydrocarbons and MTBE Remediation 
Journal, 27(4):19-28. DOI.10.1002/rem.21526

Steelman, C.M., Klazinga, D., Cahill, A.G., Endres, A., Parker, B.L. 2017. Monitoring the evolution and migration of a methane gas plume in an unconfined sandy aquifer using time-lapse GPR and ERT. Journal of 
Contaminant Hydrology, 205: 12-24. DOI: 10.1016/j.jconhyd.2017.08.011

Palau, J., Shouakar-Stash, O., Mortan, S.H., Yu, R., Rosell, M., Marco-Urrea, E., Freedman, D.L., Aravena, R., Soler, A., Hunkeler, D. 2017. Hydrogen Isotope Fractionation during the Biodegradation of 1,2-
Dichloroethane: Potential for Pathway Identification Using a Multi-element (C, Cl, and H) Isotope Approach. Environmental Science and Technology, 51(18): 10526–10535. DOI.10.1021/acs.est.7b02906.

Wanner, P., Parker, B.L., Chapman, S.W., Hunkeler, D., Aravena, R. 2017. Does sorption influence isotope ratios of chlorinated hydrocarbons under field conditions? Applied Geochemistry, 84: 348-359. DOI: 
10.1016/j.apgeochem.2017.07.016

Steelman, C.M., Kennedy, C.S., Capes, D., Parker, B.L. 2017. Electrical resistivity dynamics beneath a fractured sedimentary bedrock riverbed in response to temperature and groundwater-surface water exchange. 
Hydrology & Earth System Sciences, 21: 3105-3123. DOI: 10.5194/hess-21-3105-2017

Hachborn, E., Berg, A., Levison, J., Ambadan, J. 2017. Sensitivity of GRACE-derived estimates of groundwater level changes in southern Ontario. Hydrogeology Journal, 25(8): 2391–2402. DOI: 10.1007/
s10040-017-1612-2

Haslauer, C., Meyer, J.R., Bárdossy, A., Parker, B.L. 2017. Estimating a representative value and proportion of true zeros for censored analytical data with applications to contaminated site assessment. 
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The G360 Institute would like to sincerely thank all who have supported us both in 2017 and in our long standing relationships. 

Thanks and Acknowledgements

If you would like more information on any of the material presented in this newsletter, please don’t hesitate to contact us. 
You can also join our blog by visiting our website.
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