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gas emission projects

Automatous soil gas sampler for CH4 and CO2

Following our longstanding expertise in deployment of low-power gas sensor systems in harsh regions, this year we've
designed, developed, and installed an automated CH, and CO, soil gas sampling system for Uni Research Climate, a

Norwegian leader in global climate modelling and climate dynamics. The system was created to monitor the stages of
permafrost degradation in a remote region of Norway, to quantify the rate at which gases are released throughout the

year across the landscape. Lead: Renée McDonald

Novel gas migration measurement instrument

Spun out of the FluxLab in 2010, Eosense is a global leader in gas measurement instrumentation. This new instrument is
a portable, convenient and high accuracy replacement for the rudimentary and bar-hole technique. It is being
developed and tested with FluxLab, oil and gas operators, Universities of British Columbia and Calgary, BC Oil and
Gas Commiission, and Geoscience BC. It was also used in 2017 to measure gas migration from coal adits and orphan
wells in Atlantic Canada, with Dalhousie University. Natural Sciences and Engineering Research Council (NSERC)
and Natural Resources Canada (NRCan) both support this work.

Lead: Nick Nickerson (Eosense), Dave Risk

Carbon Capture and Storage monitoring at
Aquistore

Qur role in the surface geochemical Measurement, Monitoring, i
and Verification (MMV) program at the Petroleum Technology
Research Center’s Aquistore site is a natural extension of our
historic work at Weyburn, Shell QUEST, and other CO, injection

sites. In 2x annual visits, we continued to collect samples for

tracer analysis. We are always seeking to improve the

effectiveness of monitoring, and this year we have been

working to advance our understanding of radiocarbon-CO,

data. We've launched new field studies, and have a manuscript

in prep that proposes a better way to analyze radiocarbon
values. In addition to tracers, our continuous logging sensor
network near the site of injection provides data direct to our
desktop. Leads: Nadia Tarakki, Jocelyn Egan




gas emission projects

Winter measurements of gas release in northern ecosystems

This year we continued work on our Arctic soil gas observational network, which measures year-round emissions of

CO, from soils associated with permafrost thaw. In 2017 our largest single deployment, consisting of 10 sites in Alaska

and Northwest Territories, started returning data. Our custom-made monitoring stations have proven durable and

effective even without sunlight to charge batteries. This project is funded by the National Aeronautics and Space

Administration (NASA) under the Arctic Boreal Vulnerability Experiment, in conjunction with Sue Natali at Woods

Hole Research Centre. In related work, we also improved our soil gas emission modeling approaches for

snow-covered environments as documented in a paper by Laura Graham recently accepted in Journal of Geophysical

Research. Leads: Christina Minions, Laura Graham

water-based

A manuscript under review for the Journal of
Geophysical Research describes a new low-power
floating chamber technique for characterizing lake
CO, efflux with high spatiotemporal resolution. The
new chambers have exceptionally low power
consumption, and are totally autonomous, powered
by only a 0.1 m2 solar panel. We successfully applied
this technique for measuring tiny natural fluctuations
in gas-atmosphere exchange at various points around
the margins of a lake in Nova Scotia, at 15 minute
intervals over a full season. In the future we hope to
work with Eosense to add methane measurement
capability. Lead: Lynsay Spafford

Whenh measuring groundwater impacts of oil and gas
development, consultants in western Canada typically
turn to the gas separator method, but methodologies
differ widely, and results are often inconsistent or hard
to understand. We developed a systematic and user
friendly approach that uses the separator but in a more
scientifically defensible way. We also developed a
method to determine methane concentrations onsite.
The new separator technique was applied to a
groundwater campaign across Atlantic Canada
focused on methane migration near legacy coal mines,
made possible with funding from Natural Resources
Canada and in conjunction with Owen Sherwood
from Dalhousie University. Lead: Kim Taylor



emission inventories

Baselining fugitive and vented emissions
of methane across energy developments
in Alberta

This year we collected 6.4 million unique data points as we
measured real-time emissions from 2,710 unique upwind
wells and facilities within Lloydminster, Peace River and
Medicine Hat. This is one of the first projects which utilized a
point source Gaussian plume dispersion model to estimate
volumetric emission rates. A ‘'super emitter’ profile was
observed in all campaigns, which showed 507% of the total
emissions originated from 5% of the sources. A final report
provided to Petroleum Technology Alliance Canada
(PTAQC), is currently being written into a scientific article for
publication, and was made possible by funding provided by
PTAC's Alberta Upstream Petroleum Research Fundand
Natural Sciences and Engineering Research Council of
Canada (NSERC). Lead: Liz O’Connell

Methane in US oil and gas vs from
Concentrated Animal Feeding
Operations (CAFOs)

We have partnered with the Institute of Arctic and
Alpine Research (INSTAAR) at the University of
Colorado, and the National Oceanographic and
Atmospheric Administration (NOAA), to conduct a
large enterprise-scale analysis of extensive mobile
survey datasets collected in the Denver-Julesburg
("DJ”) Basin oil and gas development. This study
involved developing algorithmic criteria appropriate
for sorting out complex methane signatures in areas
where many CAFOs complicate the atmospheric
environment. Results from this work were presented
at the NOAA Global Monitoring Meeting in Boulder.
We are working to finalize this project early in 2018
with a manuscript for publication. Leads: Chelsea
Fougére and Emmaline Atherton




emission inventories

Hydraulic fracturing within urban environment

Vehicle-based
gas surveying

Geo-spatial attribution of
methane emissions

Marcellus Shale Energy and Environment Laboratory project, with the National
Energy Technology Laboratory (NETL) and West Virginia University.

In partnership with NETL, we conducted multiple mobile surveys throughout the developmental stages of a

hydraulically fractured wellsite. Flow-back contributed the highest amount of methane to the atmosphere, which was

superior to emissions observed from sewer drains and a coal-fired power plant. As one of the first of its kind, this

project addressed methane emissions from an unconventional oil and gas development within a complex urban

environment. A manuscript is under review for Science of the Total Environment. Lead: James Williams

Methane emission patterns from
upstream natural gas infrastructure in the
Montney Formation

Early in 2017 we condensed 8000 km of mobile survey data
into a paper published in the Journal of Atmospheric
Chemistry and Physics. Results show almost half of the
active well pads emit small amounts of methane which
cumulatively produce an overall inventory for the Montney
that exceeds provincial estimates, suggesting that emission
factors might underestimate total emitted volumes. The
David Suzuki Foundation funded this study. For 2018, we
are preparing seasonal comparisons using a winter dataset
we collected along the same survey routes. Lead: Emmaline
Atherton

Truck-based methane surveying vs
OGlI - Field comparisons

Optical gas imaging cameras, such as FLIR, are the
standard for many Leak Detection and Repair (LDAR)
programs. In multiple controlled release experiments,
we released natural gas at known rates to compare
the maximum distance of gas detection from our
truck-based approach, and OGI. The truck-based
tools could detect the emissions about 100 times
farther away. This will allow us to better understand
how best to combine tools in LDAR programs. The
project was supported by Atlantic Canada
Opportunities Agency (ACOA). Lead: Jennifer
Baillie



emission inventories

Canadian methane baseline, and data optimization

Our mobile survey database now sits at almost 500 surveys, acquired during campaigns across the continent. A focus
of our work has been on a developing a pan-Canadian methane baseline across developments (9 to date). We have 3
related manuscripts in preparation, for submission in early 2018 (authored by Risk, O'Connell, Baillie). Along with this
pan-Canadian work, we have many datasets from the US. The total volume of raw data involved is substantial, and
would be many times the size of regulatory Petrinex database, for example. We have also taken steps in the truck to
merge and process data in real-time, and our PostgreSQL database is also now better plugged in to Compute Canada
supercomputers for faster post-processing. Our partner Altus Geomatics is an important contributor to this effort. A
new ldea to Innovation project funded by the Natural Sciences and Engineering Research Council will help support
this collaboration. Leads: Dave Risk, Chelsea Fougére, Lynsay Spafford

Education and support to industry

We undertook various outreach projects in 2017 that we can categorize as educational and/or industrial assistance. We
delivered methane detection workshops in many cities across Canada, for various partner companies, operators, and
utilities. We also gave presentations for industry and government groups including the Petroleum Technology
Alliance of Canada, the Alberta Energy Regulator's Methane Technical Committee, and the European Union (at a
meeting in Amsterdam where we accompanied staff from Alberta Energy) and many others. The most extensive set
of training sessions was facilitated by Altus Geomatics in their offices across the 3 western provinces.

Leads: Lynsay Spafford, Jack Johnson, Katlyn MacKay, Dave Risk, Liz O’‘Connell, Emmaline Atherton




truck-based

Embedded campaigns: Understanding oilfield emissions in detail

In an embedded partnership with a major Canadian oil and gas company, we used our sniffer truck to assess

emissions {(methane, hydrogen sulphide, carbon dioxide) repeatedly at every well pad in a large oilfield. This project

wrapped up in mid 2017, and represents the most extensive emissions measurement campaign done onsite (and

possibly in any Canadian development). The project was intended to help the operator better understand the

spatiotemporal dynamics, and sources, of emissions. Emissions varied seasonally, and certain types of oilfield

activities were responsible for the bulk of emissions. Funding was provided by the Natural Sciences and Engineering

Research Council. We have since done similar projects with other operators. Lead: Katlyn MacKay

Computational Fluid Dynamics (CFD) and wind measurement

Truck-based emissions detection depends on high quality wind data (speed, direction), but normally measurement

practitioners simply buy an anemometer and blindly trust its data. We have successfully used CFD modelling and an

extensive set of field experiments, to better understand and interpret the anemometer measurements made from our

research truck. CFD data will assist in the development a refined wind analysis technique for mobile surveying,

providing reliable wind data that will be applied to our emission volume projects. For the modeling we depend on

Compute Canada supercomputing infrastructure, and Alphamantis Technologies / Garmin have been essential in

providing guidance along the way. Leads: Tara Hanlon, Meghan Flood, Connor McCabe, Jenny Bowie

Inverse Gaussian dispersion modelling
for estimating emission rate on mobile
surveys

This technology development project involves
algorithmetric approaches for calculating emissions
using truck-acquired data. In 2017 we successfully
ported EPA AERMOD to our large datasets (thousands of
plumes at a time), which also makes data available
quickly. Our emission estimation algorithm has been
improved to better assess uncertainties {i.e. wind, gas
concentration, sources characteristics) which leads to
more accurate methane volumes estimation, allows
comparison with other methane emission
measurements, and provides a more accurate image of
emissions to industry and regulators.

Lead: Evelise Bourlon

Using inverse Lagrangian stochastic
transport models in regional mobile
surveying

This 3-year project wrapped up in early 2017, and involved
porting an inverse Lagrangian atmospheric transport
model to a truck-based mobile sampling approach.
Combining regional and local scale measurements can
help reconcile measurements from different types of
sensors (stationary or mobile), plus can help
tomographically determine the geographic origin of
emissions from unexpected sources. We used a
computationally light modelling approach called
RTerrafex developed by a collaborator at Max Planck
Institute in Germany. This successful project will be the
basis for a publication in 2018. Lead: Warren Laybolt



air emission research

Urban Methane

This project saw our mobile monitoring techniques applied in a new environment: downtown Toronto. This project was
a collaborative effort with Debra Wunch at the University of Toronto. We investigated urban methane sources and
the relative importance and chemical sighatures of different source types. Urban wetlands had the lowest emissions
frequency and only 40 % of those sampled in triplicate were persistent emitters. In comparison, other source types like
landfills and natural gas gate stations were more frequent emitters. However, the high number of wetlands in the city
meant that they contributed over 40% of the total amount of methane emitted. We published these datasets on

Figshare in the fall of 2017, and are presently preparing a manuscript for publication. Lead: Alex Tevlin

Truck-based emissions detection by cloud, using a
miniaturized sensor package

We created a proof-of-concept prototype sensor package that would allow us
to inexpensively mimic our truck-based sensor approaches for detecting
fugitive and vented emissions. The package uses off-the-shelf CO,, H,S, O,

and H,O sensors with GPS telemetry and cellular connection for remote data

collection. Methane is measured by proxy. Total cost of the prototype is

$5,000, and it was used for field testing alongside our full analyzer suite
{Emissions Attribution using Computational Techniques, or EXACT), which
costs over $200,000. After developing modified versions of our algorithms,
the prototype successfully flagged 73% of anomalies, despite costing only 3%
of the full version. This work will benefit our industry partner Altus Geomatics,
as it is an important step toward cloud-based processing of
passively-collected environmental data.
Lead: Alex Marshall



airborne and satellite-based air
emissions projects

For a Canadian oil and gas operator, we are validating methods to detect methane leaks
using multispectral and hyperspectral imagery collected from satellite and aircraft
systems. We built an approach to simulate the functionality of commercial detection
approaches, in order to test claims of resolution, and to quantify associated uncertainties
(generally not advertised). At this stage, satellite measurements can detect gross

emissions (> regulatory limits). New satellites will deliver improved resolution, but

potentially not enough to keep up with new tighter regulations. Our analysis shows that
the vendors working on aircraft hyperspectral approaches should have an attractive
product. As part of this project, we built extensive 3D datasets of representative oilfield
emission environments (hundreds of plumes) based on data collected by our trucks. We
will publish them in 2018 so that they are available to other developers of truck-,

airborne-, and satellite-based technologies who also need representative data. The
Petroleum Technology Alliance of Canada (PTAC) was a partner in this project that was
funded by Natural Resources Canada (NRCan). Leads: Billy Garrison, Evelise Bourlon

Reducing uncertainty in emission Methane technical review
source height estimation in UAV and

) Many tools are available for methane measurement.
truck studies

Dave made contributions to a comprehensive
technical review of methane measurement

Emission source height is a common area of

uncertainty in mobile surveying — whether from truck L RSN CIMES R A Lty /G

or UAV. In 2017 we started a project to work on Calgary in the research group of Chris Hugenholtz.

inverse approaches to detect emission height. Qur R e et

approach starts with synthetic sensitivity tests but will et s GO H LAY STARE

quickly proceed to renewed controlled release D el A OS
experiments in early 2018. Part of this collaboration
involves UAYV flights with folks from the Southern
Alberta Institute of Technology and the
Saskatchewan Research Council in a project funded

by the Canadian Oil Sands Innovation Alliance.



in closing...

We are thankful to have had many wonderful project partners
and funders in 2017, many of which are not even named
specifically in this newsletter. While we have enjoyed our
projects for individual upstream operators, Altus Geomatics will
be taking over truck-based surveying on a commercial basis.
This arrangement will make the technology much more readily
available.

In 2018, methane will continue to be a priority. We wish to
help achieve methane reductions in the oil and gas sector as
efficiently and painlessly as possible. Science-based
approaches and strong partnerships are key to this effort. This
year we expect to drive less and will re-focus our resources on
computational emissions research. We are the still only
research group worldwide to be analyzing truck-based
emission data acquired across large areas, repeated through
time, involving multiple geochemistries and extensive
infrastructural source files, with AERMOD analysis, in an
enterprise fashion {hundreds of surveys at once). We will
continue to develop the approach, to reduce uncertainties, and
to make things faster and more applicable to cloud data. We
are also excited that 2018 will see an intensification of soil gas
migration work under our new collaborative project with
Eosense. Otherwise, we have several additional new projects,
partners, and lab hires already lined up for 2018, and we look

forward to anhouncing these soon.

Thank you for your continued support. Our FluxLab team at St.
Francis Xavier University looks forward to working with you in
2018.

Tk C&W

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