Generating Global Respect for Groundwater

2013 Annual Review
2013 is now history and the G360 Centre for Applied Groundwater Research is
well on the way to another exciting and productive year! 2013 saw great progress
and with many projects completed, and new collaborations fostered.
On behalf of our entire G360 team, I would like to highlight the activities and
achievements we made on all fronts during the year 2013.
Operating at the University of Guelph since 2008, G360 is the focal point of a global collaboration of 20
institutions in 11 countries where 15 principal investigators oversee more than 150 academic experts. The
program is supported by more than 25 multinational corporations and industrial sponsors as well as various
levels of government, together contributing over $8 million/year. This program is unique in that no other
facilities for groundwater research and education with such academic-industry-government collaboration exist
anywhere in the world.
In 2013, we continued to achieve major research milestones for G360’s main initiatives and programs: Year 1
of Term 2 for Dr. Parker’s National Science and Engineering Research Council (NSERC) Industrial Research Chair
(IRC) program on Groundwater Contamination in Fractured Media (2013-2017), Year 4 of the Ministry of
Research and Innovation – funded Ontario Research Fund – Research Excellence (ORF) program on
“Sustainable Bedrock Water Supplies for Ontario Communities” (2009-2014) and the 28th year for the
University Consortium Research Program, founded and directed by Dr. John Cherry.
Whether you are a current student, alumnus, G360 partner, collaborator, sponsor, UoG employee or just an
interested community member, we invite you to explore the opportunities that the G360 program offers and
be part of our vision to generating global respect for groundwater.

I take this opportunity
to thank every one of
my G360 team for their
hard work, creativity
and dedication to the
vision of the Centre,
which is instrumental to
the success of The
Centre.

Thank you to all of our sponsors, partners and collaborators for your generous support in 2013!
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Summary of Projects and Collaborations
The NSERC Industrial Research Chair in Groundwater Contamination in Fractured Sedimentary Rock: The IRC
was renewed at the cusp of the new year for a second term (2013-2017). Thank you to NSERC and all of our
continued and new industrial sponsors: The Boeing Company, Schlumberger Canada Ltd., Hydrite Chemical
Co., Syngenta Crop Protection Inc., Matrix AquaResources, City of Guelph, Golder Associates, Chevron, Solinst
Canada Limited, Sanborn Head and Associates, Inc, Geofirma Engineering Ltd., and Geosyntec
Consultants/SiREM, and to those providing in kind support: Guelph Tool Inc., Flexible Underground Liner
Technologies Ltd. (FLUTe), Burnside and Associates Ltd. and the Regional Municipality of Waterloo.
The University Consortium for Field-Focused Groundwater Research: The “Consortium”
is a major initiative hosted by the G360. Four important meetings were held this year
including the Annual workshop on “Sustainable Bedrock Aquifers for Ontario
Communities” in March 2013; the 27th Annual Research & Business meeting for the
University Consortium hosted by the G360 Research Institute in May 2013; the Fall
Special Topic Focus meeting on “Processes controlling Assimilation capacity in the Subsurfaces” in Denver,
Colorado in Oct 2013; and a Special Meeting on Shale Gas in Calgary in April 2013.Sharing research results has
resulted in tangible impacts at contaminated partner field sites. In addition to driving advancements in 10
Research Theme areas, inputs from the Special meeting on the potential environmental impacts of Shale Gas
catalyzed subsequent development of a new Consortium Research Theme & Sponsors in FY 2013-14 focused
on subsurface contaminant migration of fluids and contaminants that pose potential threats to the
environment.
Significant International Collaborations: G360 Founding Director, Beth Parker, was hosted by two research
institutes in Switzerland for an 8 month sabbatical, where she nurtured several existing and new international
collaborations in Europe. These include: University of Lousanna (CRET) (J. Irving, D. Roubinet) and University of
Neuchatel (CHYN) (D. Hunkeler) in Switzerland; Karlsruhe Institute of Technology (N. Gold Schieder) in
Germany, U.Rome La Sapienza (M. Pettita) and U. Bologna (A. Gargini & visiting student to G360 M. Filippini) in
Italy; and U. Barcelona (J.M. Carmona, D.Puigserver) in Spain. A major continuing multi-year collaboration with
U.Sao Paulo (R. Bertolo, A. Fernandez and R. Hirata) and UNESP (C. Kiang and E. de Oliveira) in Brazil has
resulted in student exchanges with the G360 in this period.
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DFN Field Methods Applications Go
South (to Brazil): The Jurubatuba region
located in the Sao Paulo city, Brazil, has
been predominantly used for industrial
purposes since the 1950's, with extensive
exploration of groundwater through deep
borehole wells. Currently, the land use is
changing significantly, from industrial and
commercial to residential. Several
industrial companies operating in the
region used chlorinated solvents in their
processes in the past, which led to the
contamination of soil and groundwater in
several sites.
The association between the possible
presence of dense non-aqueous phase
liquid and strong vertical downward
hydraulic potential driven by intense
pumping of water supply wells, allowed
the transport of these substances to
depths of several tens of meters within
the fractured aquifer in the region. As a
result, several supply wells were found
contaminated and subsequently capped
by Public Authority in 2005.
A pumping restriction zone was set in the area by groundwater authorities thereafter. The estimated financial
losses associated to the restrictions to groundwater use in this region with the use of capped wells run into
millions of dollars per year.
The general purpose of the Jurubatuba Project is to use high resolution investigation methods in the fractured
bedrock aquifer to build robust flow and transport conceptual models that will improve remediation
strategies.
Boeing Santa Susana Field Laboratory: One of our four key research sites for the NSERC Industrial Research
Chair program has been the SSFL site, where TCE contamination of groundwater in an interbedded sandstone
shale turbidite sequence occurred more than 6 decades ago. The DNAPL source zone conditions and resultant
plume transport and fate, due to the complex and spatially variable recharge at this site located on a
topographic high, has been developed through use of conventional and new EPM and DFN methods applied at
multiple scales. A significant advance in 2013 is the successful use of small-diameter portable drilling
equipment, developed for the mining industry, to install systems for contaminant and hydraulic monitoring in
eco-sensitive areas, at seeps found in hillslope drainages. DFN modeling capabilities with existing numerical
codes with University and partner collaborations has been substantially advanced to evaluate chlorinated
solvent DNAPL source zone conditions in fractured porous media, fracture network conditions and plume
behaviour.
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Hydrite: 2013 was a year for advanced surface geophysical investigations and numerical modeling at the
Hydrite field site near Madison, WI. High-resolution electrical resistivity tomography and seismic refraction
tomography were collected to improve our understanding of the geometry/lateral extent of geologic and
hydrogeologic units in the unconsolidated sediments and shallow bedrock which have a strong effect on the
transport and fate of contaminants in a shallow plume. In addition, a surface water-groundwater flow model
being used to more accurately estimate recharge for the regional scale groundwater flow domain was
advanced significantly and static modeling of 19 hydrogeologic units in the overburden and bedrock which will
serve as the framework for the 3-D groundwater flow model covering 275 km2 was completed. Currently, the
Hydrite research team is gearing up for 2014 field work focused on continued DFN characterization of the
DNAPL source area.

Minnesota MGS/USGS Collaboration: A high resolution Westbay multilevel system was installed in Afton State
Park just outside Minneapolis, Minnesota in November 2012 as part of a collaborative research project with
the Minnesota Geological Survey and the USGS. The primary purpose of the project is to characterize the
thickness and hydraulic properties of the St. Lawrence aquitard and better understand its hydraulic connection
to the adjacent units including an important aquitard. The research team braved February in Minnesota to go
out and measure head profiles and collect groundwater samples. Head and geochemistry profiles collected
throughout 2013 indicate very sharp changes in hydrogeologic properties over short depth intervals and
suggest that the St. Lawrence Formation is not a single, uniform aquitard unit. The research team is currently
looking forward to collection of transient head data and hydraulic testing in this high resolution MLS to see
what other insights might be gained.
Collaboration with Silixa Ltd.: Distributed fibre optic sensing has become an exciting research thrust for G360
with great strides made over the past few years using distributed temperature sensing (DTS) in sealed
boreholes to characterize natural gradient groundwater flow in fractured bedrock aquifers. This work has led
to a dynamic collaboration between G360 and Silixa Ltd., a world leader in distributed fibre optic sensing
solutions and this relationship continued to grow in 2013.
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A joint field trial was conducted in the summer to assess the applicability of fibre optic distributed acoustic
sensing for shallow seismic investigations. The trial implemented Silixa’s Intelligent Distributed Acoustic
Sensor (iDAS) at G360’s Bedrock Aquifer Field Facility where numerous tests were conducted. Analysis of the
trial datasets is currently underway and the results will be presented in the coming year. G360 would like to
thank Silixa Ltd., specifically Michael Mondanos and Athena Chalari for their contributions and look forward to
further collaborations and projects.

Eramosa Bedrock River at the Barber Scout Camp: Bedrock rivers are defined by their exposed bedrock
streambed, as opposed to alluvial rivers, which flow over a sand or gravel bed. The study of gaining and losing
reaches of alluvial streams has been well-documented, but little is known about bedrock rivers. They’re
common throughout the world and, particularly, along the Niagara Escarpment as it extends up through the
Bruce Peninsula and the Great Lakes. With the cooperation of Scouts Canada, the Ministry of Natural
Resources and the Grand River Conservation Authority, a research site was set up along the Eramosa River in
2013, at the Barber Scout Camp, in Guelph, ON. The Eramosa was initially surveyed by helicopter in 2012,
where infrared images were collected along a 12-km reach to detect temperature differences as potential
indicators of groundwater discharging into surface water. A streambed survey was conducted by kayak and
complemented with geochemical sampling and bathymetric measurements at 1-km intervals along the river,
to compile a comprehensive dataset to inform the site selection process. The Scout Camp site was identified as
an ideal location to study groundwater discharging into surface water along a highly fractured exposed
sedimentary bedrock streambed. Groundwater discharge often makes substantial contributions to baseflow
and can have a significant impact on the transport and fate of natural and anthropogenic chemical
constituents into and out of a streambed. Since temperature contrasts exist between groundwater and surface
water, it can be used as a natural tracer to detect groundwater discharge in ecologically-sensitive areas like the
Scout Camp.
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In 2013, fiber optic distributed temperature sensing (DTS) was applied to detect groundwater discharge along
the streambed. Surface geophysics was used to estimate fracture frequency and depth. Groundwater
monitoring wells were installed in small-diameter boreholes using portable drills, which are less invasive than
the larger truck-mounted rigs. Cores were collected, logged and used for physical property measurements for
geologic characterization of the site. Corehole and streambed fractures were mapped to estimate frequency
and orientation. FLUTe liners were installed to preserve the ambient flow regime. A suite of downhole
hydraulic and geophysical tests were conducted to identify hydraulically active fracture zones in preparation
for installation of multi-level monitoring systems for temporal monitoring of hydraulic head and geochemical
profiles of the groundwater flow system, and comparison with those of the river to characterize the
interactions. New streambed installation designs are currently being tested for their capacity to yield highresolution temperature and pressure data for estimation of groundwater discharge fluxes across riverbed and
variability in space and time.

Cambridge Site: The Cambridge Site, located in Southern Ontario, offers an opportunity to integrate fieldbased datasets acquired from a carbonate supply aquifer using the Discrete Fracture Network approach where
a contaminant plume has achieved a stable position due to a combination of processes. Intense effort is being
invested in organizing existing results such as rock core chemical and physical properties, hydrochemistry,
geological and geophysical logs in a comprehensive database. A strong partnership with the Region of
Waterloo allows us to evaluate influences of supply well pumping conditions on the hydraulic head variations
at the study site and the pumping history influence on the dissolved plume development. Active flow zones are
being assessed under natural conditions with new temperature based methods such as the Distributed
Temperature Sensing and Active Line Source in boreholes sealed with FLUTe liners. Quantification of the
groundwater flux variability in discrete fractures and dissolution enhanced, highly transmissive zones is the
objective of the ongoing project and will support flow and transport DFN modeling.
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Guelph PCE Site:The Guelph PCE site is a plume study, including geochemistry and isotopic characterization, in
an urban area in the boundaries of the Northeast and Northwest quadrants of the city of Guelph. This study is
developed in collaboration with the University of Waterloo, Ministry of the Environment and AMEC. The main
goal of this research was to provide a better understanding of the transport and fate of PCE in the Guelph
dolostone aquifer and obtain additional insights related to potential impacts on the nearby municipal water
supply wells. A series of field activities were performed at this site, including core drilling, core logging of
fracture and matrix properties and detailed VOC rock subsampling, corehole hydraulic and geophysical testing,
Water FLUTeTM multilevel system design and installation, depth-discrete groundwater sampling rounds for
VOC, general chemistry, dissolved gases and CSIA (13C and 37Cl for chlorinated ethenes) and high frequency
hydraulic monitoring from the MLS network. Sources of hydrogeologic and chemical heterogeneity such as
groundwater-surface water interactions with a nearby river, proximity to municipal supply wells pumping from
the fractured rock aquifer, and spatial variability in plume redox conditions have major implications for
contaminant transport and fate and present opportunities to build on findings from previous DFN research
studies at other sites with less complexity. Groundwater samples were also collected from the municipal water
supply wells for geochemical and isotopic characterization in 2012. Microbiological analysis in groundwater
samples were also collected in 2012.

City of Guelph Tier 3 Well Study: The City of Guelph “Tier 3” wells comprise an extensive network of 10
bedrock wells located throughout Southern Wellington County, which were drilled in collaboration with the
City of Guelph, Ontario Geological Surveys, Golder Associates, and Gerrits Drilling in 2008 in order to advance
characterization of the regional groundwater flow system and municipal well capture zones. Data from these
wells will be particularly valuable in advancing the ability of the existing City of Guelph groundwater model to
delineate capture zones and predict future contaminant behavior. Geochemical and isotopic characterization
of the groundwater from these wells, as well as hydrogeological monitoring were completed during 2012. The
geochemical study included measurement of redox conditions and analysis of major chemical constituents.
The isotopic study included analysis of 18O, 2H and 3H in water. The hydrogeological characterization included
continuous head measurement in the multilevel wells network (Tier 3). Additional sampling rounds during
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2013 will continue the geochemical and isotopic characterization (including 34S and 18O for sulfate), as well as
the hydraulic monitoring of variable recharge conditions, on this regional scale study.

Guelph Tool Research Site: The Guelph Tool research site in the Northwest quadrant of the city of Guelph was
established in 2004 developed in collaboration with the Guelph Tool Inc., Gamsby and Mannerow Ltd., AMEC
and City of Guelph. The main objective of this study was to provide a comprehensive understanding of TCE
distribution and hydraulic properties of the site and obtain additional information of potential sources related
to the TCE-impacted inactive nearby municipal well. Previous studies included VOC rock core sampling,
installation of high resolution multilevel system wells (FLUTe and Westbay), geochemical and isotopic
characterization of the groundwater; hydraulic and hydrochemical monitoring during municipal well pumping
and installation of inclined coreholes outside the contaminated zone for 3-D fracture natural characterization.
The geochemical study included measurement of redox conditions and analysis of major chemical
constituents. The isotopic study included analysis of 13C and 37Cl in chlorinated solvents to distinguish source
zones and show contaminant degradation is occurring. The hydrogeological characterization included
continuous head measurement and water level measurement in monitoring wells and multilevel systems in
the study area. Additional sampling rounds conducted at this site will provide information related to spatial
and temporal changes on the TCE distribution in groundwater samples over a decade of monitoring. A new
inclined corehole was added to the research site in January 2013 and numerous datasets including borehole
geophysics and FLUTe transmissivity profiling were collected over the course of the year.

Carter Well Nitrate Project (Arkell Research Station and Victoria East Golf Course): The Carter well nitrate
project is an overburden and sedimentary bedrock aquifer geochemistry study in the Southeastern area of the
city of Guelph developed in collaboration with the University of Waterloo, City of Guelph and private property
owners. The main objective of this study was to identify possible nitrate sources affecting the water chemistry
of the City of Guelph Carter municipal supply wells through application of the discrete fracture network (DFN)
approach to investigate fractured rock sites impacted by contaminants. Previous studies included geochemical
and isotopic characterization of the groundwater and hydrogeological monitoring in existing wells. The
geochemical study included measurement of redox conditions and analysis of major chemical constituents.
The isotopic study included analysis of 18O, 2H and 3H in water, 34S and 18O in sulfate and 15N and 18O in nitrate.
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The hydrogeological characterization included continuous head measurement and water level measurement in
piezometers and private wells in the study area. Rock core samples were taken to obtain detailed rock physical
properties as well as to analyze pore water nitrate concentrations and sulfur and iron in the rock matrix. Key
findings from previous studies led to the instrumentation of two boreholes with high resolution Westbay
multilevel systems at these sites. The installation of these multilevel systems will provide additional
information needed to evaluate the fate of nitrate in the Guelph formation and the sources of nitrate for the
Carter wells.

Centre Wellington Water Supply Study (Various locations in Fergus/ Elora): G360 became involved in the
Centre Wellington water supply study in 2011 through collaboration with Golder Associates and the Township
of Centre Wellington. The goal of the project is to improve the understanding of the bedrock aquifer and
water supply system through application of new high-resolution investigation tools and the DFN approach. This
work resulted in the drilling of three coreholes and three boreholes in 2011 across Fergus and Elora and
instrumenting them with modified multilevel wells designs. A new type of hybrid multilevel was installed in
two of the boreholes that allow up to 11 monitoring intervals while still maintaining the ability to monitor two
of the ports with traditional, small diameter pressure transducers. A custom, small diameter, low friction
water level tape was developed in 2013 to assist in collecting head profiles form the hybrid multilevels and
periodic high resolution snapshots of hydraulic head and continuous temporal monitoring of specific intervals
were collected throughout the year. A paper focused on the modified multilevel design (Chapman et al.) was
submitted to Ground Water Monitoring and Remediation in December 2013.

Bedrock Groundwater Research Station: “The Bedrock Groundwater Research Station (BGRS) located within
The Arboretum at the University of Guelph, represents a major research initiative to study inter-dependent
elements of the hydrologic cycle. The fractured bedrock aquifer represents an important source of water for
the Guelph region in southern Ontario. Understanding groundwater flow through discrete fractures in the
bedrock, and its interactions with overlying unconsolidated aquifers and surface water are major challenges
being addresed in our groundwater research program.
Through a partnership with the Southern Ontario Water Consortium (SOWC), our research group has designed
and constructed a network of deep boreholes (80 m) that will be used to test and develop new bedrock
borehole technologies and methodologies to better understand groundwater flow and transport in fractured
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bedrock aquifers. Currently, a total of six vertical, three angled and one overburden well have been placed
within a 0.25 ha area. We are now in the final stages of borehole drilling and instrumentation of state-of-theart Westbay® multilevel systems for high-resolution vertical hydraulic head monitoring and groundwater
chemistry sampling. The remaining boreholes will be sealed with Flute® liners to eliminate aquifer cross–
connection.
Initial work will focus on the development of a full-3D conceptual model of the discrete fracture network using
a combination of detailed core logging methods and high-resolution downhole geophysics. Future work will
include the use of temperature as a tracer added and monitored in novel ways to assess and quantify
groundwater flow, flux and transport across the cluster. This unprecedented network of boreholes in a
sedimentary rock aquifer will enable high-resolution spatial characterization of the fractured aquifer which
supplies drinking water to the Guelph region. Through this work we will develop new hydrogeophysical
technologies that can be applied to other fractured bedrock communities around the world.

CDE Site: G360 researchers were involved in a collaborative project with two U.S. consulting firms (Louis
Berger Group and ARCADIS) along with the EPA and Army Corps of Engineers involving application of the DFN
technique at the Cornell-Dubilier Electronics (CDE) Superfund Site in central New Jersey. As part of the project
an approach to plume simulations in fractured sedimentary rock was advanced, utilizing large-scale 3-D
equivalent porous media (EPM) models for bulk groundwater flow incorporating major hydrogeologic units
and system stresses followed by application of 2-D discrete fracture network (DFN) transport models
incorporating matrix diffusion and other processes that strongly influence contaminant transport. Results of
the project were presented by Steven Chapman at the 2013 NGWA Conference on Groundwater in Fractured
Rock and Sediments in Burlington, Vermont in a talk titled “Characterization and Modeling Approach for
Matrix Diffusion and Remedial Alternatives Evaluation in Fractured Sedimentary Rock” and also in an article in
Remediation Journal. Results of this research showing the plume was strongly attenuated and also the futility
of further source treatment were utilized in the site record of decision (ROD).
Nitrate and Changing Landscapes: G360 is leading a new project launched in January 2014 entitled “Changing
agricultural landscapes and groundwater quality in sensitive aquifers” (PIs: Dr. Jana Levison and Dr. Beth
Parker). Collaborators include Dr. Ralph Martin, Dept. of Plant Agriculture, University of Guelph, Hugh
Simpson, OMAF, and David Armitage and Charles Lalonde, OFA. This project is funded by OMAF (New
Directions program), Grain Farmers of Ontario, Dairy Farmers of Ontario, Ontario Federation of Agriculture,
Canadian Fertilizer Institute, and the Loblaw Chair in Sustainable Agriculture. Field sites include wells in Norfolk
County (in partnership with the GRCA), Peel (in partnership with Region of Peel) and the extensive G360
Page | 10

multilevel network in Guelph. Since groundwater is the principal water source for farms and rural residents, it
is essential that groundwater quality is continually protected while agriculture and climate are changing across
Ontario. The research objective is to define and quantify the transport of excess nutrients (specifically nitrogen
from commercial and animal sources) related to cash crop modifications and variable weather, into
groundwater to anticipate and mitigate potential water quality impacts. State-of-the-art groundwater
modeling coupled with agricultural nutrient management expertise and supported by a specialized
hydrogeological field data network will be used to find critical cases for sensitivity to contamination. This in
turn can be applied to on-farm nutrient management policies. Several geological conditions encountered
across Ontario will be studied at the three field locations. New methodologies to investigate how agricultural
and climate evolutions may affect groundwater quality will be developed. Stakeholders from both agricultural
and water management sectors will contribute to and benefit from this interdisciplinary research.

Non Point Source Pollutants at depth.
2013 saw the successful completion of a three year project funded by OMAFRA-UofG Partnership Program
designed to study the impact of land use and the subsurface environment on the distribution of non point
source pollutants at depth. This multidisciplinary project involved the drilling and recovery of sediment cores
and installation of multilevel monitoring wells at three sites in the Guelph area with different land use and
geological settings, namely a site with conventional crop and manure and fertilizer application in a glacial
outwash setting, an agroforestry plot with fertilizer only application on a drumlin, and lastly a forested non
agricultural site with no inputs on an end moraine. The wells were then used for three water geochemistry
sampling campaigns focused on nitrate as well as repeated sampling for microbiological analyses (focused on
the occurrence of E. coli) over a 5-month period following manure application. Depth discrete water levels
were also monitored weekly over a one-year period.
The findings demonstrate that subsurface geology including the nature of materials
and the extent of units, play a large role in determining the transport and fate of
nitrate by influencing the hydrogeological and geochemical conditions at depth.
In terms of microbiological contaminants, analyses revealed elevated levels of E.
coli in the bedrock aquifer one week following the manure application, and these
counts remained high for the subsequent five weeks. This suggests very rapid
transport despite a 12m thick layer of unconsolidated sediments and preferential
flow at the site.
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Garfield Chromium Contamination Superfund Site: G360 researchers were involved in a collaborative project
with Dr. Tom Al (University of New Brunswick), the U.S. EPA Region 2 and Army Corps of Engineers along with
their site consultant CH2M HILL involving application of the DFN technique at the Garfield Chromium
Contamination Superfund Site in Garfield, New Jersey. At the site a chromium spill occurred from an
electroplating facility in the early 1980s creating a plume migrating towards the Passaic River which is being
investigated by EPA and their consultant. The project involved the first application of rock core sampling at a
metals contaminated site and required development of new methods for extraction and analysis of Cr(VI) in
sedimentary rock that was spearheaded by UNB. Results of the project were presented by Steven Chapman at
the 2013 NGWA Conference on Groundwater in Fractured Rock and Sediments in Burlington, Vermont in a talk
titled “Investigation of Hexavalent Chromium Matrix Diffusion at a Sedimentary Bedrock Superfund Site”. A
methods development manuscript will be submitted shortly to ES&T. A proposal for follow-up funding to
further investigate Cr(VI) diffusion and reaction processes was recently funded through the EPA Regional
Applied Research Effort (RARE) program. This collaborative research is expected to provide much more insight
on processes controlling Cr(VI) transport and fate in fractured sedimentary rock resulting in better assessment
of risks and remedial options.
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SERD/ESTCP Projects: Two projects funded by Department of Defence (DoD) were largely wrapped up in 2013
with submission of the project reports: 1) SERDP Project “Basic research addressing contaminants in low
permeability zones” – a collaborative project with researchers from Universities of Guelph (Beth Parker, Steve
Chapman), Colorado State (Tom Sale), Kansas (Rick Devlin) and GSI Environmental (Chuck Newell, Dave
Adamson); and 2) ESTCP Project “Determining source attenuation history to support closure by natural
attenuation” – also involving collaboration between GSI and the Guelph and Colorado State researchers. So far
two peer reviewed publications have been produced from these projects and several more are in progress. As
well a new ESTCP project “Direct-push optical screening tool for high-resolution, real-time mapping of
chlorinated solvent DNAPL architecture” is underway with collaboration between University of Guelph (Beth
Parker, Steve Chapman), Haley and Aldrich (Murray Einarson, Adrian Fure) and Dakota Technologies (Randy St.
Germain) including a successful field demonstration of the tool at a chlorinated solvent contaminated site in
Massachusetts.
SERDP project with Lee Slater, Kristina Keating, University of Rutgers (Newark, NJ) and Fred Day-Lewis with
USGS (Storrs, CT) was awarded the beginning of March 2014. The focus is on using high resolution geophysical
tools in bedrock boreholes for improved fracture and matrix characterization for contaminant transport and
fate assessments. 4 field sites across the USA have been identified for advancing this work where substantial
amounts of existing data exist; Pease Int’l Tradeport in N.H., NAWC, NJ, SSFL and Edwards AFB, CA sites.
Origin, Occurrence and Fate of Nitrate in Sedimentary Bedrock Groundwater in the Maritimes: A new
Canadian Water Network-funded program studying the impacts of nitrate in groundwater supplies from
intensive agricultural activities with field research focus in the maritime Provinces, where elevated nitrate
concentrations in sedimentary bedrock aquifers are of concern. G360 DFN methods developed for sedimentary
rock characterization and monitoring are being deployed with local, regional and national expertise regarding
agricultural contamination threats to the hydrosphere, with emphasis on both groundwater and surface water
quality.
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This collaborative project funded by the Canadian Water Network (CWN) and lead by Dr. Cathy Ryan at U.
Calgary involves researchers from several Universities (Calgary, Guelph, UNB, UPEI, Dalhousie) along with
Agriculture and Agri-Food Canada (AAFC), PEI Department of Environment, City of Charlottetown along with
industrial partners (including Cavendish Farms) picked up steam in 2013. G360 researchers were involved in
drilling and monitoring installations including at a site near Souris where a field has been taken out of
production for five years to assess changes in bedrock groundwater nitrate in response to reduced nitrogen
input. Work is also ongoing at the Harrington Research Station and at a new City of Charlottetown well-field
site applying DFN techniques to better understand the flow systems and nitrate distributions. Drilling trials
using the Shaw backpack drill were also conducted in 2013 showing capability of the tool for coring and
installation of piezometers to depths of 30 feet in areas with shallow and outcropping bedrock, including
environmentally sensitive areas along a stream and estuary in the Mill River area. More work with this and
other portable rigs is planned for 2014. Amanda Malenica is making great progress in her M.Sc. project
focusing on nitrate fate and transport by comparing groundwater from multilevel well samples versus detailed
distribution in the bedrock matrix from rock core samples and is expected to defend later this summer.

Papers Published
Seven new papers have been published:
Limmer, M.A., M.K. Shetty, S. Markus, R. Kroeker, B.L. Parker, C. Martinez and J.G. Burken. 2013. Directional
phytoscreening: contaminant gradients in trees for plume delineation. , Journal of Environmental
Science and Technology, doi:10.1021/es400437q.
Adamson, D., S. Chapman, N. Mahler, C. Newell, B.L. Parker, S. Pitkin, M. Rossi and M. Singletary. 2013.
Membrane interface probe optimization for contaminants in low permeability zones. Ground Water,
doi: 10.1111/gwat.12085.
Chapman, S., B.L. Parker, J.A. Cherry, S.D. McDonald, K.J. Goldstein, J.J. Frederick, D.J. St. Germain, D.M. Cutt
and C.E. Williams. 2013. Combined MODFLOW-FRACTRAN application to assess chlorinated solvent
transport and remediation in fractured sedimentary rock. Remediation Journal, 23: 7-35.
Doi:1002/rem.21355.
Quinn, P.M., B.L. Parker& J.A. Cherry. 2013. Validation of non-Darcian flow effects in slug tests conducted in
fractured rock boreholes. Journal of Hydrology, 486, (0) 505-518.
Keller, C.E., J.A. Cherry and B.L. Parker. 2013. New method for continuous hydraulic conductivity profiling in
fractured rock. Ground Water, doi: 10.111/gwat.12064.
Farah, E.A., B.L. Parker and J.A. Cherry. 2012. Hydraulic head and atmospheric tritium to identify deep
fractures in clayey aquitards: Numerical analysis. AQUA mundi,doi:10.4409/Am-051-12-0045.
Parker, B.L., J.A. Cherry and S.W. Chapman. 2012. Discrete fracture network approach for studying
contamination in fractured rock. AQUA mundi,doi:10.4409/Am-052-12-0046.
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Papers Submitted
Twelve new manuscripts have been submitted in peer-reviewed journals
Pehme, P., B.L. Parker, J.A. Cherry and D. Blohm. Detailed measurement of the magnitude and orientation of
thermal gradients in lined boreholes for characterizing groundwater flow in fractured rock. Journal of
Hydrology, accepted with minor revision Feb 2014.
Best, A., E. Arnaud, B.L. Parker, R.A. Aravena and K. Dunfield. Effects of glacial sediment type and land use on
nitrate patterns in groundwater. Groundwater Monitoring and Remediation Special Focus Issue on
Monitoring and remediation of agricultural nonpoint sources impacting groundwater quality, submitted
February, 2014.

Chapman, S.W., Parker, B.L., Cherry, J.A., Munn, J.D., Malenica, A.I., Ingleton, B., Jiang, Y., Padusenko, G.,
Piersol, J. Hybrid multilevel system for monitoring groundwater flow and agricultural imacts in
fractured sedimentary bedrock. Ground Water Monitoring and Remediateion, submitted December
2013.
Cherry, J.A., B. Alley and B.L. Parker. A Hydrogeological perspective on high level radioactive waste disposal.
The Bridge, in press.
Wang X., A.J.A. Unger and B.L. Parker. Risk-based characterization for vapour intrusion at a brownfields site:
Part 1. Data worth and prediction uncertainty. Water Resources Research, revised and resubmitted
September 2013.
Puigserver, D., Carmona, J.M., A. Cortes, M. Viladevall, X. Nogueras and B.L. Parker. Processes controlling the
DNAPL fate of aged sources in aquifer-river contexts. Chemosphere, submitted March 2013.
Walton, K.M., A.J.A. Unger, M. A. Ioannidis and B.L. Parker. Consequences of Fracture Intersections and
Asperity Contact to Modeling Three-phase Flow in Discretely Fractured Rock. Water Resources
Research, revised and resubmitted September 2013.
Wang X., A.J.A. Unger and B.L. Parker. Risk-based characterization for vapour intrusion at a brownfields site:
Part 2. Pricing the Risk Capital. Water Resources Research, revised and resubmitted September 2013.
Pierce, A.A., B.L. Parker, Aravena, R. and J.Hurley. Field Evidence for trichloroethene degradation mechanisms
in fractured sandstone. Environmental Science and Technology, submitted February 2013.
Meyer, J., B.L. Parker and J. A. Cherry. Characteristics of high resolution hydraulic head profiles and vertical
gradients in fractured sedimentary rocks. Journal of Hydrology, submitted December 2013.
Puigserver, D., J.M. Nieto, J.M. Carmona, A. Cortes, M. Viladevall, and B.L. Parker. Microcosm experiments to
assess the potential for in situ degradation of chloroethene- contaminated groundwater containing
nitrates and sulfates. Journal of Contaminant Hydrology, submitted December, 2012.
Puigserver, D., J.M. Nieto, J.M. Carmona, M. Grifoll, J. Vila, A. Cortes, M. Viladevall, and B.L. Parker.
Hydrochemical and microbial evolution in microcosm experiments of sites contaminated with
chloromethanes under biostimulation with lactic acid. Journal of Environmental Science and
Technology, submitted November, 2012.
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New Personnel
We are happy to announce the additions to our G360 team!

New Postdoctoral Research Fellow
1. Jessica Meyer, Ph.D. from the University of Guelph
2. Ken Walton, Ph.D. from the University of Waterloo
3. Cliford Ndiweni, Ph.D. from University of California, Berkeley
4. Aaron Cahill, Ph.D. from Technical University of Denmark
5. Juijuang Zhao, Ph.D. co-supervised with Tom Al from University of New Brunswick

New Graduate Students
1. Andrew Buckley – MASc SOE with Dr. Parker
2. Hari Bhatti – MASc SOE with Dr. Parker
3. Marina Nunes – MSc University of Waterloo with Dr. Aravena and co-supervised with Dr. Parker
4. Jonathan Kennel - PhD SOE in January 2014 with Dr. Parker
5. Lucas Andreata – MASc SOE in January 2014 with Dr. Parker
6. Shoiab Saleem – PhD SOE in January 2014 with Dr. Levison and co-supervised with Dr. Parker
7. Nishant Mistry – MASc in September 2013 with Dr. Levison
8. Graeme MacDonald – MASc in September 2013 with Dr. Levison
9. Anna Best – MSc in September 2013 with Dr. Arnaud
In addition, we welcomed Helene Thuret for a 6 month appointment (BSc student from France) and seven coop students. In March 2014, we will be welcoming Marcos Barbosa, a visiting student from University of Sao
Paulo, Brazil for a 6 month appointment as well as his supervisor, Reginaldo Bertolo for 2 months.

New Staff
1. Donovan Capes, BSc - Intern Research Assistant
2. Keelin Scully, BSc - Intern Research Assistant
3. Sheldon Chai, MSc - Applications Developer
4. Juliana Camillo, MSc - Research Associate
5. Paulo Casado, MSc - Research Associate
6. Ash Stanton, MSc - Information Systems Manager
7. Nthabi Ndiweni - IT Administrator & Support Specialist
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Graduate Degree Completions:
1. Amy Allen, MSc. School of Environmental Science, Dr. Parker
2. Jessica Meyer, PhD. School of Environmental Science, Dr. Parker
3. Nickie Unonious, MSc. Earth & Environmental Sciences (UW) Drs. Aravena and Parker
4. Tomas Opazo, MSc. Earth & Environmental Sciences (UW) Drs. Aravena and Parker
5. Paulo Casado, MSc. Earth & Environmental Sciences (UW) Drs. Aravena and Parker
6. Juliana Camillo, MSc. Earth & Environmental Sciences (UW) Drs. Aravena and Parker
7. Xiaomin Wang, PhD. Earth & Environmental Sciences (UW) with Drs. Unger and Parker
8. Ken Walton, PhD. Earth & Environmental Sciences (UW) with Drs. Unger and Parker

Upcoming Events in 2014


University of Guelph 50th Anniversary, celebrations beginning 1st January. http://www.uoguelph.ca/50/



The Ontario Research Fund - Research Excellence Round 3 Program – Meeting at the Arboretum, March
26-27. Look for updates @ http://g360.uoguelph.ca/home



The University Consortium Environmental Impacts of Shall Gas, hosted at University of Calgary, April 16-17.
Look for updates @ http://theuniversityconsortium.org/pages/home



The University Consortium – Annual Meeting at the University of Guelph, June 2-4, Look for updates @
http://theuniversityconsortium.org/pages/home



Groundswell Innovation Conference, June 16-18. http://groundswellconference.com/



Discrete Fracture Network Engineering (DFNE) Conference, Vancouver, Oct 19-22.
http://www.dfne2014.ca/

For any information, we encourage you to visit our website http://g360.uoguelph.ca and
http://theuniversityconsortium.org, or please contact us via email at admin@g360group.org
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