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This year, more than ever, we appreciate our project partners and their
commitment to advancing meaningful research. As you know, our
FluxLab research group at St. Francis Xavier University specializes in
gas measurement, computation, data analysis, and geochemistry. We
apply our expertise in ecological research and in the oil and gas
sector. Please enjoy this collection of Research Highlights from 2020.
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» Methane Regulations
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2020 marks the first year Canada’s new oil and gas (O&G) methane regulations are in affect.
So far provincial governments in British Columbia, Alberta, and Saskatchewan have been
granted an “equivalency” agreement, which allows each province to enforce their own
methane regulations instead of federal rules. All regulations address the largest sources of
emissions: facility venting and fugitive equipment leaks. Each province is taking a different
approach, but all have a common goal: reducing methane emissions 45% by 2025.

Will we accomplish our goal? Measurement, monitoring and reporting requirements
improved significantly in 2020 under new regulations, and only now is the required informa-
tion available to accurately track reductions. In 2021 it will become clear whether regulations
are strong enough to achieve our goal. FluxLab is looking forward to continuing to help
both industry and government with data management and regulatory effectiveness assess-
ments in 2021 and beyond.

Buzzword: Data

With new regulations enforcing measurement require- ,
ments, the O&G industry is set to experience a “tsuna-
mi" of data. But how, and by whom, will this data be
managed? ‘Collaboration’ is often cited as one of the
most important factors in achieving the 45% reduction
goal, which means data must be centralized and (ideal-
ly) shared across industry, government, and academia.

FluxLab built the largest measurement database of its
kind! And it is still growing as part of our large meth-
ane data aggregation projects. We continuously add
measurements of all scales (OGlI, vehicle, aircraft), and
examine trends across developments to construct
spatially resolved methane inventories for the entire
O&G industry. A peer- reviewed publication on our
6600 cross-Canada truck-based measurements will
be available in early 2021. Lead: Katlyn MacKay



Facilitating regulators’ understanding

Despite pandemic travel limitations, we managed to safely travel from east to west, to monitor and
benchmark methane emissions from O&G production facilities along the AB-SK border. Working
under Environment and Climate Change Canada’s (ECCC) Oil and Gas Division, we collected
methane measurements with our truck-based mobile laboratory in Lloydminster and lesser studied
areas farther to the south. Substantial oil production decline, coupled with new methane regulations,
certainly made 2020 unique, but our results show that O&G-related methane emission rates remained
significant. We saw some large emissions from tank vents and unlit flares that could be easily con-
trolled to support emission reduction targets. Interestingly, our results indicate that not all heavy oil
sites emit heavily, which broadens our understanding of actual (vs estimated) methane emissions in
the O&G sector. Lead: Judith Vogt
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The ECCC Pollutant Inventories and Reporting Division prepares a National Inventory Report of Greenhouse
gas (GHG) Sources and Sinks, required under international reporting obligations, that informs domestic
approaches to GHG management. ECCC is developing a new methane inventory model, and our field mea-
surements are one source of data being used to identify, investigate, and explain discrepancies in the updatec
inventory estimates. The ECCC methane inventory is a crucial tool in tracking the effects of new federal and
provincial regulation. Lead: Katlyn MacKay, Martin Lavoie

We are beginning research with Alberta Energy Regulator to compare different measurement methodolo-
gies and alternative fugitive emissions management approaches. FluxLab will assist AER in filling key knowl-
edge gaps and help drive companies to improve their performance in an efficient and cost-effective manner.
Lead: Justin Laforest



for abatement and ESG

Simulation of lowest cost, effective methane abatement

Unfortunately, there is little available information comparing the methane reduction cost efficiency of
conventional vs alternative Leak Detection and Repair (LDAR) Programs. LDAR using Optical Gas Imag-
ing cameras is slow and labor-intensive, whereas alternative approaches using trucks and aerial imagery
offers more flexibility and could lead to substantial cost reduction.

In a partnership with Arolytics and Pembina Institute we're using computer simulations and analysis
to find “best fit” solutions that show alternative technologies achieve substantial methane emissions
and cost reduction. There is no one solution fits all scenario when monitoring methane; but the best
choice should be customized to ensure reliability and cost efficiency. Funding for this project is provid-
ed by McCall MacBain Foundation, and results will be published in a peer reviewed journal in 2021.
Lead: Martin Lavoie

Methane emission performance project

Disclosure of ESG (Environmental, Social, Governance) performance can help investors identify compa-
nies who are ‘green’ leaders. ESG reports are increasingly expected by investors but standardization of
performance criteria remains a problem. Although some metrics can be found in producers’ annual
reports (e.g., CO2 equivalent emitted) there are no reporting guidelines. The lack of consistency makes
comparing ESG performance between producers very difficult.

In a perfect pandemic data project, we started using public datasets, methane emission data from our
own truck surveys, and an inventory model that estimates methane emissions at each production site in
Canada, to investigate and compare the methane emission intensity of the top 70 O&G producers in
Alberta in a consistent manner. We were also able to establish the true methane intensity of different
types of onshore oil and gas production. Some of the results are expected, but others come as a
surprise! Watch for project outcomes in 2021. Lead: Martin Lavoie



CanERIC

Established in 2019, the Canadian Emissions FluxLab leads 3 CanERIC projects that will:
Reduction Innovation Consortium (CanERIC)

encourages national collaboration and maintains  Improve network methane gas calibration
Canadian leadership in global innovation through a methods to ensure consistent measurement
network of emissions reduction tests facilities. readings and comparability across the network
FluxLab's expertise in GHG detection and measure- and industry. Lead: Justin Laforest, Isaac
ment represents just one of over sixty industry and Ketchum

academia CanERIC participants working together

to reduce greenhouse gas emissions from the e Develop a model to identify regions, or even
energy sector. specific companies, that would benefit most

from particular mitigation approaches. Whitepa-
pers will be available through the CanERIC.
Lead: Gilles Perrine

e Gather metrics from CanERIC members, meth-
ane solutions companies, regulators, and opera-
tors (as feasible) to aggregate information avail-
able on the growing number of methane reduc-
tion solutions, and the economic growth of the
methane solutions sector. Lead: Mallory Long




/ Satellite

Researchers looking for atmospheric satellite data are in
luck. The Italian Space Agency's (ASI) Hyperspectral
Precursor of the Application Mission’s (PRISMA) satel-
lite is capable of aiding in environmental monitoring,
resource management, crop classification, and pollution
control, and was launched in March. The satellite joins a
similarly tooled spacecraft, the European Spatial Agency'’s
TROPOspheric Monotoring Instrument (TROPOMI),
which is capable of monitoring ozone, nitrogen dioxide,
methane, and several other aspects of the atmosphere. It
will be followed by Germany’s Environmental Monitoring
and Analysis Program’s (EnMAP) satellite; planned
launch for 2021-22. The information these satellites collect
is open and free to the scientific community and beyond,
by simply registering to have access or through a Creative

Commons License.

Rising Profiles: Sky High

In May, about 300 tonnes of methane were
released near Gainesville, Florida. Bluefield
Technologies Inc was able to track the meth-
ane cloud by analyzing data from the European
Space Agency's Sentinel-5P satellite. Using
their emission detection algorithm, BFX-2, they
identified the location of the methane released
within 20km. Companies like Bluefield have
been making large strides in quickly and accu-
rately detecting fugitive methane emissions.
These developments are crucial as methane is
more potent than carbon dioxide, and a large
contributor to climate change.

In October, Montreal-based company GHGSat detected
the smallest amount of methane detected by a satellite.
GHGSat-C1 (or "Iris”) their new satellite, detected a
controlled release of methane in Alberta soon after its
launch. Iris can detect methane emissions in quantities
100 times smaller and at a resolution 100 times higher
than similar other systems. GHGSat also released a
digital map, PULSE, that uses their high-resolution
satellites to show users methane concentration levels
from around the world. They announced its release at
the World Economic Forum Annual Meeting as a tool to
assist industries and governments as well as to raise
awareness for methane as a climate change agent.

Travel restrictions prevented Arctic fieldwork in 2020, but]
we are using satellite imagery derived for landscape
classifications to determine which ecosystems are more
often associated with higher methane measurements.
We are also classifying the ecosystem type at the source
location of each observed hotspot to learn which eco-
systems are responsible for methane releases in the
Mackenzie River Delta and if this is different during the
summer versus the winter. Lead: Dan Wesley
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Aquistore

August 2020 marked FluxLab's eleventh field campaign at the Petroleum Technology Resource Centre
Aquistore carbon capture and sequestration (CCS) operation in Southeastern Saskatchewan. For six
years, FluxLab has collaborated with the PTRC to monitor soil gas concentrations surrounding the
carbon dioxide (CO2) injection well, and to verify the origin of soil CO2 through radiocarbon age-dating.
To date, there are no surface effects from the 325,000 tonnes of CO2 sequestered at Aquistore and we
have observed no changes in the surface soil gas environment beyond natural variability since injections
started. The Aquistore project successes have helped renewed Federal interest in exploring the promis-
ing potential of CCS for attaining net-zero emissions. Lead: Justin Laforest

Abandoned and producing O&G wells may leak gases into the soil surrounding wellheads, which is known
as gas migration. Gas migration is thought to account for ~10% of O&G-sector emissions. But, gaps
exist in both regulatory frameworks and in measurement methodologies used to identify gas migration.
Our methane inventories are uncertain because we lack volumetric flux measurements from a large
number of gas migration sources. We have even fewer flux measurements available at inactive, old, and
cased and abandoned wellsites. On top of these problems, gas migration measurement methodologies
are antiquated and often yield confusing information.

Our team has joined forces with University of Windsor's Mundle Lab, Eosense, and the Alberta Energy
Regulator to monitor a problematic gas migration area in southeastern Alberta. We are building a more
comprehensive gas migration inventory using estimates based off existing volumetric flux data and inci-
dence. This work will help address data and knowledge gaps in the federal inventory and help build a better
understanding of patterns and intensity of gas migration. Results from our computer simulations and field
measurement campaigns demonstrate that in-soil concentrations provide limited insight related to soil gas
flow rates and volumes, whereas surface flux chambers could be more accurate. An Eosense prototype of
a low-cost gas detection analyzer and other methodologies will be field and lab tested this year. This work
will help us better understand and then limit gas migration and its operational and environmental risks.
Watch for peer-review papers coming out soon! Lead: Sarah Kennedy



& Oil & Gas

New stationary sensors that locate and
quantify emissions

Eosense has designed and built a new low-cost tripod
sensor to identify the location and emission rate of
potential methane sources. The Fluxlab contributed to
this R&D project under a National Sciences and Engi-
neering Research Council Collaborative grant, where
we developed the new plume dispersion algorithm by
combining backward and forward modeling approaches.
We're also working with the National Research Council of
Canada'’s Black Carbon Metrology group to explore ways
of further improving the tripod sensor. Eosense has
performed controlled gas releases to test the
tripod-based sensor at numerous midstream and
upstream O&G sites, and at a test facility. Rate estimates
have generally fallen within -34% and +12% of true and
are available within 20-30 minutes once the wind is blow-

Emission rate vs shape of plume Q (mdday)

ing in the right direction. A perfect tool for measuring
temporal patterns, and a great new tool for enhancing
our 2021 field studies! Lead: Evelise Bourlon

Methane time travel is real

To understand the process of methane
emission dispersion from sources, we are
working with a footprint model that
travels backward in time with each mea-
sured methane “particle”. Because the
footprint model works in reverse, meth-
ane is shown moving away from the
sensor, and toward the source in the
opposite direction of the wind (upwind
from sensor). The result is a 2D map
showing the emission concentration
contribution from each upwind area. We
then apply a new interpretation tool to
identify the specific source locations. This
technique can be helpful when there is
more than one source emitting up-wind
the sensor. Watch for a peer review paper
in 2021! Lead: Afshan Khaleghi
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Collaboration: bench top > desktop >
market and beyond

Since 2017, StFX and FluxLab have partnered with
GeoVerra (formerly Altus Geomatics) on our EXACT
truck-based methane detection system. GeoVerra retains
exclusive commercial license for the system and offers
the methane measurement service to operators in the
upstream and midstream O&G sector. Through a Mitacs
Accelerate program, some StFX graduate students
partake in GeoVerra internships and gain invaluable
industry experience often directly related to their thesis
work. In exchange, GeoVerra gets to access qualified
personnel who contribute toward technical and business
objectives. Even amidst the COVID-19 pandemic and
associated economic turmoil, several students
completed internships at GeoVerra. FluxLab and
GeoVerra continually expand methane detection and
quantification technologies, which are backed by strong
science and outstanding people. Lead: Mark Argento,
Gilles Perrine, Afshan Khaleghi, Judith Vogt, Jack
Johnson



(, Pursuing Other

EQUIPT4RISK

In the project, a continuous stationary monitoring system detected a release of methane (natural gas) to
air from the shale gas site at Preston New Road, Lancashire. The release came during a nitrogen lift
procedure and is an example of non-continuous or sporadic methane source that escapes typical meth-
ane accounting. This year Jacob Shaw, a collaborator from the University of Manchester, published the
results of this study in the Journal of the Air & Waste Management Association. We were happy to
contribute to this study, and look forward to future interactions with our UK-based colleagues.

The beef and dairy cattle industry is one of
the main contributors to global methane gas
emissions. In one year, a single dairy cow
produces the annual GHG equivalent of a
small car. As of January 2020, there were
approximately 3.5 million beef cows and
around 981 300 dairy cows in Canada. In
2019, we collected methane emissions data
from livestock in Nova Scotia using
truck-based technology to better under-
stand the intensity of methane emissions
from the livestock industry in the province.
Now we will analyze this data to better
understand the intensity of methane emis-
sions from the livestock industry with the
goal to provide a baseline of data for a
provincial inventory. Lead: Sarah Kennedy

Monitoring hard to reach sites

Employing our know-how of vehicle-based GHG mea-
surements, we equipped an ATV with a suite of high-pre-
cision sensors and developed measurement and data
analysis methods needed for accurate mobile surveys of
methane and CO2. Using heavy-duty batteries and a gas
analyzer, we conducted surveys through various eleva-
tions and forested areas in rural Nova Scotia. Using the
collected data, we hope to identify connections between
GHGs and geological/environmental factors using
machine learning. This technology will enable us in future
projects to measure both natural and human sources of
GHG emissions in areas not accessible by roads, like
pipelines and agricultural sites. Lead: Isaac Ketchum




In closing

For 2021 we will be continuing field measurements
(fugitive and vented emissions, and gas migration) in
western Canada. The continuing pandemic provides us
with the perfect reason to put greater emphasis on
continuous and automated measurement in upcoming
fieldwork, which will allow us to conduct new and differ-
ent studies. Our efforts on computational modeling and
data analysis will continue as always. We're also having
productive conversations in Atlantic Canada about new
gas detection initiatives, which afford us an opportunity
to impact change closer to home.

During 2020 our team worked amidst challenges and
uncertainties to establish new partnerships and keep
delivering top-notch methane science. We are apprecia-
tive of our many valuable project partners and funders,
including those unnamed in this newsletter. And we are
incredibly grateful for our dynamic team, past and
present. These relationships and partnerships are
important, particularly for methane reduction in the oil
and gas sector as we work together toward achieving
important goals.

Dave Risk PhD (Team Lead)
Chelsie Hall BA BEd (Projects Manager)



Thank you to our Partners
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