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Introduction

Global atmospheric methane, an important greenhouse gas
(GHG), has doubled in concentration to 1862 ppm since the
pre-industrial Holocene (PIH; approx. 700 ppm, Hopcroft
etal., 2015). It is currently contributing a radiative forcing
of approximately 0.5 watts per square metre (W/m?;
approximately 17% of total GHG, Myhre et al., 2001), i.e.,
an increase in the global atmospheric heat balance since the
PIH. This knowledge with respect to climate change issues
means that it is critical to understand the natural and anthro-
pogenic sources and sinks of methane. Globally, the oil and
gas industry contributes an estimated 24% of global anthro-
pogenic emissions (Saunois et al., 2016). In the United
States, these fugitive emissions are approximately 2.3% of
total natural gas production (Alvarez et al., 2018), so they
represent a financial loss, as well as an environmental
concern.

In Canada, the oil and gas sector is the largest industrial
emitter of methane (44%) and comprises 26% of Canada’s
total GHG emissions (Environment and Climate Change
Canada, 2018). Studies report that 53% of active wells in
Alberta are leaking methane (GreenPath Energy Ltd.,
2016) and 47% in BC (Atherton et al., 2017). Oil and gas
operations in Canada, such as flaring and fugitive emission
from equipment and well leaks, contribute approximately
8.5% to total greenhouse gas emissions (Bachu, 2017). Af-
ter the energy and transportation sectors, fugitive releases
are the third largest contributor to Canadian GHG emis-
sions (The Conference Board of Canada, 2013).

This publication is also available, free of charge, as colour digital
files in Adobe Acrobat™ PDF format from the Geoscience BC web-
site: http://www.geosciencebc.com/updates/summary-of-
activities/.
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New legislation is being introduced to reduce Canadian
emissions by 40-45% (Canada Department of Justice,
2019; Environment and Climate Change Canada, 2019a).
One of the challenges in meeting these new regulations is
the real identification and quantification of the fugitive
emissions and quantitative verification of their mitigation.
This is in contrast to the simple estimation (nonmeasure-
ment) of emissions, using emission factors, that is currently
being widely used to calculate and report emission invento-
ries, e.g., National Pollutant Release Inventory (Environ-
ment and Climate Change Canada, 2019b, c).

A major constraint for the reduction in emissions is that the
currently practiced methodologies to detect leaks are based
on the conventional, visual, optical-gas imaging (OGI) leak
detection surveys. Optical-gas imaging was developed by
the United States Environmental Protection Agency’s
(EPA) Leak Detection and Repair (LDAR) program, an oft-
shoot of the EPA Method 21 (United States Environmental
Protection Agency, 2017). Another constraint is that the
methane releases associated with the upstream operations
of oil and gas can be either stochastic or more continual.
The former, episodic releases make it challenging for non-
continuous monitoring. The GHGMapper™ platform, de-
scribed below, offers one of the first high performance,
quantitative systems to make GHG measurements.

The GHGMap project is a three-year research programme
to build and demonstrate the cost and logistical effectivity
of the team’s mobile sensing platform for greenhouse gas
measurements (Geoscience BC, 2019). It is being under-
taken by a consortium of groups, which includes
Geoscience BC, Geochemical Analytic Services Corpora-
tion, InDro Robotics Corp., Western Economic Diversifi-
cation Canada and NASA/Jet Propulsion Laboratory
(NASA/JPL). This project includes testing of the
GHGMapper platform, which conducts detailed, aerial, un-
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manned regional and site surveys of atmospheric GHG
emissions. The GHGMapper combines the technologies of
a high sensitivity open path laser spectrometer (OPLS) de-
veloped by NASA/JPL (Christensen, 2014) with a small
unmanned aerial vehicle (sUAV) and 3-D sonic anemome-
try (Figure 1; Whiticar et al., 2018). The GHGMapper plat-
form can rapidly measure (10 Hz measurement frequency)
parts per billion levels (ppb) of greenhouse gases in the at-
mosphere, such as methane, ethane and carbon dioxide.
The small size/weight and low power consumption of the
OPLS together with the precise operation and navigation of
the sUAV, make this system ideal for the detection and
quantification of GHG emissions and budgets.

Over the past three years of this project, the team has quan-
tified methane emissions at well sites, gas compressor sta-
tions, pipelines, landfills, feedlots, etc. The initial program
focused on major GHG emitters in western Canada, i.e., BC
and Alberta (Whiticar et al., 2018, 2019), but recently ex-
panded to measure landfills and dairy farms in California.

This paper describes the team’s participation in the Alberta
Methane Field Challenge (AMFC) from June 10 to 21,
2019, near Rocky Mountain House, Alberta. Following a
competitive selection process by AMFC, the GHGMap
team was invited to participate. The AMFC was conceived
by the Alberta Upstream Petroleum Research Fund
(AUPREF), which is an industry-sponsored fund supported
by the Canadian Association of Petroleum Producers
(CAPP) and the Explorers and Producers Association of
Canada (EPAC; Petroleum Technology Alliance Canada,
2019). The AMFC is a collaboration between the Govern-
ment of Alberta, the Alberta Energy Regulator (AER) and
industry, with the goal to assess the real-world performance
of new methane sensing technologies in comparison with
LDAR using OGI. Specifically, the AMFC seeks to com-
pare, by conducting intensive field tests, alternative cost-
effective methane emission detection and quantification
technologies and methodologies. A detailed discussion and
comparison of the joint AMFC findings will be published
elsewhere.
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Figure 1. The GHGMapper™ system with open path laser spec-
trometer/small unmanned aerial vehicle (OPLS/sUAV) platform.
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During the AMFC, the GHGMapper system provided in-
stantaneous, real-time measurement and data streaming to
the base station. The methane data collected is stored in
real-time on the OPLS and is simultaneously sent to the
ground receiver station for data acquisition (Whiticar etal.,
2018,2019). The high precision navigation on the drone al-
lows repeatable positioning of the SUAV within 50 cm and
extremely reduced flying altitude (1-10 m) in contrast to
helicopter or fixed-wing aircraft surveys (>150 m). These
high precision, close to the surface measurements by
OPLS/sUAV combined with the low flight velocities (1—
3 m/s) permit increased and precise detection capabilities
(Figure 2), as well as increased measurement efficiency and
safety. These capabilities are unparalleled by other meth-
ods, such as handheld monitors, land vehicle-mounted
mobile sensors, manned aircraft or satellites.

The team’s proprietary software provided immediate feed-
back and back-trajectories to target leaks. The GHGMap-
per system only needs manual intervention at the start and
end of the flights and does not necessarily need line-of-
sight for the detection. However, for the AMFC, visual line
of sight (VLOS) operation of the sUAV was used exclu-
sively. The mobility of this method allowed easy and safe
access to facility infrastructures, which would otherwise
present challenging health, safety and environment (HSE)
constraints to those using OGI/LDAR methods. In addi-
tion, during the AMFC this aerial methodology demon-

Xk es,|
Figure 2. The GHGMapper™ system (open path laser spectrome-

ter/small unmanned aerial vehicle platform) surveying at an Al-
berta Methane Field Challenge facility, June 2019.
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strated the system’s quick, efficient and therefore cost-re- mass transport measurements of methane on well and
ducing operations. Even though the GHGMapper system facility scales, as shown schematically in Figure 3.

can measure other smaller gas species that are relevant to
the gas energy industry, i.e., ethane, carbon dioxide, hydro-
gen sulphide and ammonia, etc., the system was configured
to only measure methane at the AMFC. The team’s ap-
proach has already been successfully demonstrated to
several natural gas companies in northeastern BC.

A typical methane Gas Flux Curtain determination is con-
ducted by making continuous methane measurements
while flying a series of horizontal transects that are or-
thogonal to the wind direction and vertically offset (approx.
1-2 m). An example of this flux plane of measurements is

shown in Figure 4.

In contrast to conventional OGI/LDAR methods, the

GHGMapper platform offers an important feature and ad- The methane mass flux () is calculated by integrating over

vantage — the capability to make truly, quantitative, meth-
ane mass flux measurements, i.e., kg CH,/m?/h, not simply
heat maps or estimated emission rates. Flux is the mass of a

chemical constituent (methane) transported across a verti- ¢ =

cal plane over time. In concert with high frequency and

time (t) the air flow (Q) determined from the wind velocity
(speed and direction) with the methane concentration (C),
according to equation 1:

j C(t)Q(t)at (1)

high sensitivity aerial CH; measurements by OPLS/sUAV, ~ Figure5 isavisual representation (heat map) of the flux in-
the team has pioneered the use of sonic anemometry to fly ~ tensities at any position in the flux plane. In this example,

and create two-dimensional vertical flux planes, i.c., Gas elevated methane is generally crossing the flux plane below
Flux Curtains™, to provide quantitative cross-sectional 10 m. To calculate the emissions from a particular site, it is

critical to position the Gas Flux Curtain downwind of the

Gas flux_

Figure 3. Schematic of quantitative, methane mass flux measurements
with GHGMapper™ Gas Flux Curtain™ concept. Mass flux (¢) is the
rate of mass flow of methane per unit area (kg CH4/m?/s), where con-
centration (C) and flow (Q) are integrated over time (t).
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Figure 4. Example of flight tracks for creating a GHGMapper™ Gas Flux
Curtain™. The colours on the tracks show relative light absorption of
methane (measured by the open path laser spectrometer [OPLS]),
which is directly proportional to concentration.
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facility. If necessary, a flux plane also needs to be con-
ducted on the upwind side of the facility to determine
and subtract the quantity of methane carried onto the
site, i.e., remove the contribution of methane from
offsite sources and normal atmospheric background. At
the AMFC, this latter value ranged over the different
sites from 1.9 to 2.1 ppm. Methane fluxes are frequently
reported in North America as standard cubic feet per
hour (SCFH; at 15°C, 101.325 kPa), but also in cubic
metres or tonnes CHy4 per year (m® CHy/yr. or
tonnes CHy/yr.). For conversion, 1 SCFH of methane is
0.02832 m®* CHy/h or 0.1775 tonnes CH,/yr., which is ap-
proximately 9.3 gigajoules (GJ)/yr. of natural gas (de-
pending on the natural gas composition).

Background methane abundance currently has a global
value of 1.86 ppm (Dlugokencky, 2019), but there can

50

40

Methane
plume

Altitude (m)
w
o
|

N
o
|

_
o
|

0- [ T T T T 1
0 10 20 30 40 50
Horizontal distance (m)

Figure 5. Example of a heat map representation of a GHG-
Mapper™ Gas Flux Curtain™. The hotter colours indicate re-
gions of higher methane concentrations.
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be significant local deviations. For example, O’Connell et
al. (2019) reported average values of 2.41, 1.97 and
2.03 ppm CH,4 around Lloydminster, Peace River and Med-
icine Hat, Alberta, respectively. In the BC Peace River re-
gion, Atherton et al. (2017) gave a mean methane value of
1.90 ppm, similar to that found by Whiticar et al. (2018).
Petron etal. (2012) similarly reported methane background
levels in Colorado of 1.8 to 1.9 ppm. In contrast, back-
ground methane values up to 11.9 ppm were found to be as-
sociated with Barnett Shale gas extraction in the Dallas/
Fort Worth Metroplex (Rich et al., 2014). Thus, it is impor-
tant to determine the true methane background levels at
each site.

AMFC Operations

The GHGMap operations from June § to 22 for the AMFC
included mobilization/demobilization, training, briefings,
field surveys and daily reporting. Forty-two of a possible
50 sites were surveyed over 10 days (June 12 to 21) during
the AMFC, i.e., travelling to approximately five different
sites each day. Two sites were resurveyed on a different day
for comparison. Table 1 gives the types of equipment and
components that were tested at the 42 sites during the
AMEFC program.

Figure 6 shows a map with the distribution of the 50 AMFC
sites. One of the conditions for participation in the AMFC
was maintaining strict confidentiality about the locations
and operators of the AMFC field sites. Therefore, the sites
in Figure 6 are only given as distances (in km) from a fixed
longitude/latitude reference point. The distance was calcu-
lated using great-circle distance with the haversine for-
mula, i.e., the shortest distance over the Earth’s surface
(Movable Type Ltd., 2019).

Each day of the AMFC, the test teams surveyed approxi-
mately five sites, which were also surveyed using conven-
tional LDAR/OGI techniques for comparison. The results
of the different approaches used in the AMFC will be re-
ported elsewhere. This paper here will focus only on three
representative examples of site surveys conducted by the
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GHGMapper during the AMFC. For each site selected

here, the methane emission mass flux calculation is given

as well as some of the following visual representations:

o flight track of GHGMapper survey at the site,

e time series plot of GHGMapper measured methane con-
centration with measurement altitude,

e survey heat map showing anomalies if present and the
vectors to the emission source, and/or

¢ Gas Flux Curtain.

Example 1: Site 15 — No Detectable Emission

At some of the AMFC sites, methane emissions were non-
existent or were at only very low detection levels. Site 15
was a typical example of a site without emissions. This site
is a well pad with a single pump jack located in an open
field. Table 2 lists the meteorological conditions that ex-
isted during the GHGMapper survey.
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Figure 6. Location map of Alberta Methane Field Challenge
(AMFC) survey sites using distance to fixed latitudinal and longitu-
dinal reference points.

Table 1. Types of equipment and components tested during the Alberta Methane Field Challenge.

eZﬁ?::l:rflt Sample components
Separator Thief hatch, threaded connection
Tank Tank level indicator, flange connection
Wellhead Tank pressure/vacuum relief valve, open ended line/vent
Compressor Other tank component, engine (including fuel/start gas)
Engine Controller, valve
Catadyne heater Regulator, actuator
Pneumatics Pressure safety valve (psv), chemical injection pump, instrument air

tubing, door seal, pneumatic pump, compressor, cylinder head, pump

packing, valve stem
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Table 2. Meteorological conditions during time of measurement at Alberta Methane Field

Challenge (AMFC) sites 15, 30 and 22.

AMFC site Wind speed Wind direction Temperature Pressure Relative humidity

(flux) (m/s) (°) (°C) (kPa) (%)
15 (no) 2.710.9 -34 £12 15.9 89.85 74
30 (low) 1.2+0.7 6 +80 213 89.80 44

22 (high)  4.0£0.9 -50 £20 16.7 89.86 62

The 15 min survey at site 15 started with a full sweep of the
property circumference. This was followed by the creation
of a series of Gas Flux Curtains downwind of the single
pump jack on site (Figure 7). At the outset, there was con-
cern of contamination from an upwind site, but no elevated
methane levels were observed at any point. Figure 8 shows
the 15 min time series plot with both the GHGMapper flight
altitude and real time methane concentration. The site sur-
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Figure 7. Flight track (red line) for GHGMapper™ survey at Alberta Methane Field

Challenge site 15.

vey in Figure 9 indicates that no anomalous or fugitive
emissions were detected at AMFC site 15 (Table 3).

Example 2: Site 30 — Low Methane
Emissions

Site 30 of the AMFC consisted of a well pad with an operat-

ing pump jack and holding tank and building located in an

open field. Table 2 lists the meteorological conditions that
existed during the site 30 survey.

The GHGMapper survey consisted of meth-
ane measurements on an initial inspection
flight of the property circumference (Fig-
ure 10). This initial assessment was followed
by creating Gas Flux Curtains downwind on
the west side of the site. The altitudes and cor-
responding methane concentrations are indi-
cated in the time series plot (Figure 11). Sev-
eral measurements recorded moderately
elevated methane concentrations of 4—6 ppm,
i.e., 2-3 times the background atmospheric
level. The localization heat map (Figure 12)
shows, using the warmer colours, where the
methane concentrations were elevated. In ad-
dition, the coloured vectors on Figure 12 indi-
cate the trajectory to the gas source using the
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Figure 8. The GHGMapper™ flight time series plot (approx. 15 min) of methane concentration (blue trace)
and altitude of the small unmanned aerial vehicle (orange trace) for Alberta Methane Field Challenge site 15.
No methane anomalies or fugitive emissions were detected.
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simultaneous 3-D sonic anemometry measure-
ments to derive wind direction and speed. The

= yABAl survey indicates that there is an emission source
= at the south end of the pump jack.
S y.4840
8 The Gas Flux Curtain (Figure 13) calculated the
T 4839 1 methane emissions from site 30 to be between
g7 5.8 £6.1 SCFH (1.0 tonnes CHy/yr.; Flight 3)
T and 6.2 +4.3 SCFH (1.1 tonnes CHy/yr.; Flight 4;
L y4838 Table 3).
®©
¢ y.4837 Example 3: Site 22 — High Methane
Emissions
K355 Xea550 %3523 3520 Gite 22 (Figures 14, 15) is an example of an

Relative longitudinal position (°W)

Fi 9 Heat fthe Alberta Methane Field Chall e 15 GHGM ™ AMEFC site where high methane emission rates
igure 9. Heat map of the Alberta Methane Fie allenge site apper p :

survey. The absence of colours on the transect line (black line) indicates that no ele- were measured.'The survey started Wl_th .Creatlng
vated methane levels were detected. Gas Flux Curtains on the western buildings and

then moving toward the east (Figure 15). The
flights were interrupted twice due to rain con-
cerns and this resulted in abbreviated curtains
(Figure 16). The wind became increasingly vari-
able as the time on site grew until the rain
started. The prevailing meteorological condi-
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S 3093 The surveys at site 22 found multiple indications
= J: of elevated methane from a variety of clustered
= pieces of equipment. The main pieces of infra-
o . .
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&Y south of the compressor, the valve and fittings
& 10 20 30 40 50 on the south side of site, and the buildings in the
Fetes centre (Figure 14).
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Relative longitudinal position (°W) Two examples of surveys where elevated meth-
Figure 10. Flight track (red line) for GHGMapper™ survey at Alberta Methane ane was measured are shown in Figure 16. A
Field Challenge site 30 (indicated). maximum concentration of 18 ppm was detected
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Figure 11. The GHGMapper™ flight time series plot (approx. 17 min) of methane concentration (blue trace) and
altitude of the small unmanned aerial vehicle (sSUAV; orange trace) for Alberta Methane Field Challenge site 30.
Low methane anomalies were detected.

92 Geoscience BC Summary of Activities 2019: Energy and Water



Geoscience BC

Bjep suoissiws oN SIS S[oYM  0e—0L 00 00 O 0 3 34
punolB uo Jelolie ajiym pauado sem Joop Jaye uola)e( Buipjing oy WapWIB| JUBA 00 00 O wdd g}, L oz
Asnins papunolb ‘1snb puim ybiH 3)s Or—L 00 00 O 0 3 6l
auibus 1o peay ||am wolj A|ay1] BulA| mo| Juswainses|y yoel dwnd gL-€1l shonuiuo) yee1  Z0 20 86z 2E¥FTL 1 8l
eS| [SAS] MO (apis yynos) yoel dwind 0l—/ usSpjlwIsul Mesq 0 ¥'0 96¥ L'LF0C 3 Ll
uonosiep oN ‘pEaY [[oM “yue) .mcm_w_”___m_m Ge—Gl SUON 00 00 O 0 3 9l
uono3iep oN (oM ‘suibus ‘soel aﬂmw“ G-/ SUON 00 00 O 0 L Gl
Yes| puimdn ||BLUS JO SUOKEDIPUI 'SUOI}e||I0SO BPIAA Apadouid ayisyo +001 gL 9glL [4A 4
suoljeolpul oN MIIAIBAO 3)IS £€C—L Gk 00 O 0 3 ek
syea| a|dijnw ‘uonoalsp apnyye Yybiy pue mo Buip|ing ‘peay ISApA - 0E-91 snonuiuo) yiog ] 1'2C LSLlE  S8¥ 8Tl Z
uooajep Bulk| moT peay [I9pA 9'GlL SNONURUOD  XesT Bled 'S  ¥6LL 9E¥F 6C 3 el
uado sloop Buip|ing 8y} Jajje uolyedipul yesa Buip|ing gel SNONUIUOD  JUSA 00 O wdd z-| z
sBuiyy pue sadid Jeau [9A8] punoib Je alam suoljedlpul YeaT Syue} uoisinwg 6 snonuiuo) yiog 80 80 9911 BEF /LY L b
sa01nos a|dijnw ‘apnjijje ul mo| aul| 831} Aq Xes| pea.ds Jabie Buiping ‘Buidid ‘Yue | Sl snonuiuo) yljog Z€ €  Govy LLF 8L 1 ol
Ayjiqerien o} anp s301n0s JuaIayip o sjo| dn payoid ulepung ‘Buipping * Lo_%mmwawm__m_w 0e—GlL shonuiuoy  yjog ¢y €8699 CECF99C 14
Syes| Jayjo Uey} Jajjews ‘punolf woll Akeme pajoajap UOIeIUSIUOD) ale|{  0g£-Gl snonuuod uleg gy gL 8012 /' 6FG8 € 6
apIs jsam pue jses Buole ulepng Buipjing ‘Jossaidwoy  0g-Gl shonuiuoyd  yjog L'8C E€6l6E €9CF 8GL c
aphji}e Je pajoalap UoISSIWS jsow ‘uo Jossaldwod ‘uado siooQ Jossaidwon  Qz-Gl shonuiuo) yjog 8y 8699 €0LF /2 L
sBuiyy pue sadid 1eau [9A8] punoib Je alam suoljedlpul Yea pesy ||am ‘syue)} ‘Buip|ing oL snonuiuoy  yjog ] ¥l ¥861 6CF08 4
sBunyy pue sadid Jeau [aAs] punoib Je alam suoljedipul Yea pesy [|om ‘syue) ‘Buipjing oL snonuiuoy  yjog g 10 v2l ¥EFGO L L
e aulbug A SNONUNUOYD  MesT . 00 O wdd oz 4
e soel duind G/ snonuiuop yes] 00 00 © wdd g9z | 2
UOISSIWS 3}2|NJ|ED 0} }NOLIP S8OUBLIBA PUIAA sbuipy adid ‘Buipjing gel snhonuiuo) yjog 00 O wdd og [
sBunyy pue sadid Jesu [9A8] pUNOIB Je 81am SuolledIpUl YEesT peay [[am oel dwnd oL snonunuo) ylod g0l /'8 GSLZl ZEF 6F Z [
sBunyy pue sadid Jeau [9A8] punoib e alam suoljedipul YeaT peay |lom Yoel dwng J snonuiuoy) Mea V'Z 162 8/FZI L
yoiey Jalu} o [9A3] Je UoljosieQ Juel  0c-Gl SNONUNUOD  JUSA . 00 O wdd g} %
auibus yoel dwnd wolj uoissiwa pue ‘Buip|ing uo Jusp yoel dwnd ‘Buipjing L=/ shonuiuo) ylog Lz 1] 99/0L VYIFVEY 1 v
pajoelep sUoISSIWS [lews Hjue} jo do} 0} BUI[BOUR) puIYSq UIBHND syue| Gl SNONURUOD  XesT . L'0  80C SO'0F ¥8'0 c
PESY ||9M JESU |leWS peay IISpA 0281 SNONUIUOY  HesT Y ¢0 €6¢ /0¥ 8L°L 3 €
yoiey jaly} 4o [9A3] Je uoljosieQ quel A SNONURUOD  JUSA gL 8slc 0LF¥ .8 4
oel dwnd pue pesay ||am Joj >es)| sjgissod ‘Bulp|ing uo Jusp llom “oef dwnd .mc___wmwm L'z shonuiuoyd  yjog =ik 88yl L¥F09 3 g
peay ||am pue jue) 1o yea| ajqissod pue ‘Bulpling uo Jusp ot ‘el dwind .mc_m_m__wm_ S¥l-€6 shonujuoy yjog  g'L 8L l8rc 9G¥ 0l 3 L
hoﬁWm wapiuiaul yesy ONs/A K A wdd o Jaquinu
sjuswWWodjuodiuasap uoissiwg uoljedo| uoissiwg o} Jopw 10 Jlo /sduuo} jsduuo} /W H40S uopedso]  {qs
wo:ﬁ.m_n_ ShohuRuoeg Jusp YHo Jo ajel uoissiwg odnv

“anoy Jad 199} 21gno plepuels ‘H40S ‘Buibew seb-jeondo ‘|90 ‘|eosedojy ‘edy ‘sanolebib ‘ro :suoneinaiqqy “uoljjiw Jad sued ul painseaw Ajuo a1am Suols
-SIWa duBYldW ‘SUONBI0| sWos Je , :9)oN (D4NV) 9bus|jiey) plal4 sueyls|\ exaq|y ay} e shkaains buunp ,, JaddeN\OHO Aq painseaw s821n0s pue sajel uoissiwa (H)) saueyis|\ "¢ ajgel

93

Geoscience BC Report 2020-02



Geoscience BC

suoljeslpul judjsisuoo Buolis Apie puidid ‘syue| vl shonujuoyp Mesq| 'L ¢l /891 0¥ 89 ) YA
sjuswalinsesuwl |lewg que] bl juspiulisul Mesn 0 029 6'0FG¢C 14
sjuswalinsesul |lewg Buipiing oel dwndg  1—}} SNONUNUOD  ¢IUSA . ¥0 029 Cl¥GC €
Bulf] mo| pue ybiy sjuswainsesw asieds Mue| /1 wspiwisu|  Yes 8¢ 90 6/ ELFZE Z ve
Buip|ing Aq BuiA| mo| sjuswainsea W JUslsIsuoD Buipjing ‘yoel dwng Ll SNONUIUOY  jIUBA €l 1181 GGFe/ |
>ea| Bul] mo Buip|ing "oel dwnd Gl shonujuoy s 08 08 €9LLL  LIFGH } €e
Mue) JO Jses 0} painseaw BulA| moT Muel €101 snonujuo) es 20 ¥E POF¥L €
Buip|ing pue peay [[am Uyjog Jo pummumop Buipjing jo jses o} uleund peay |jam ‘Buiping  Op-G| snonupuoy Xes g'¢ L'l LEYe P'EF 86 c ce
Buip|ing pue peay |[em yjoq Jo pumumop Buipjing jo jses o} uleunyd peay |jam ‘Buiping  Op-G| shonujuoy  yjog c'lL 9ell SLF0L l
Buiuer euledid ‘syue) ‘sbuiping  oz—| shonujuo)d  yog 80 99l SLFLY A
Buiusng Buipiing 9c shonujuoyd  Yog L0 vLL ¥'GF L0 9
Buiuenz sbuipjing ‘suljedld  9z— shonuluoy  yjog L0 vl 8'LF /L0 S
Buiuens Buiping ‘aujadid 14" shonujuo)y  yog  ¢9 0 Lcs L'TFLC 14 e
Buiueng Buipiing 0c shonujuoyd  yog S0 Pv¥L 8'CF0E €
Buiuiopy 8jis aljuz 0c—L shonuijuoy  HesT Ly G0.S clF¥ee 4
es| Bul] mo peay |I3pA L shonuijuoy  %esT ¢0 86¢C 60FCL 3
syes| Bulk| ybiy pue moj yjog que] (074 shonujuoy e . L' 8Esl E¥FC9 3
syes| Bulf| ybiy pue mol yjog que| 014 shonuijuoy  yesT gy 0l 6erl L'9F¥ 8'G 3 08
Sapnjijje 1smo| je sy |ews quel Q60| 10 L0 /8 J90FGEQ 3 C
suoljesipul judjsisuoo Buolis Apie Buidid ‘syue]  gz—g| SnonURUOy  Mes7  y'y 'y 1029 0'8F G¢ l Sc
ea| BulA| mo| AjpAle|al pajosieq Buip|ing oL—/, snonuuo) ) 97 €0SlE GpF /2L Z
xea| Bulk|] mo| AjaAefel pejosieg Buipiing 0l—L shonuijuod o 6'6 168E L LCF 9G ) vz
syes| Buik| ybiy pue wnipew ‘Mo oue wxcmwuww_ﬂﬁm Ob-GE  snonuguoD esT 0Ll 08ESh  ZLFZ9 S
suopeolpul Jepim pue dieys pue auljadid M_m““_ﬂﬁu 09 0F snonuuoy  HesT s ¥'9g 29805  L/¥ S0 14 &
suoljeolpul Japimydieys Buolig pesy |13 L snonuiuoy  4esT 9 898 OLF &€ €
suopeolpul dieys Buons quel 6 shonuuoy  HesT oe  Llgy L'SFLL 4
uonoajep Buik] moj yeapp yuey punoliBiapun b snonupuo) ea G0 6l 60F67C |
Jossaidwo) [0 yiod €€l 098l 9CFSL YA
suolssiwa Jossaldwod yym Buixiw swog syue| og yea 0S 9¥69 0LF 82 9
pajos)ap suoissiwa Jossaldwod ou ‘suoissiwas BulA] mo suladid ‘syue) ‘sbuiping  09-0F yiog 99 8/16 ZLF I [
il 3y} je uoioalip pulm Uo pasieq 8)is JO jJsow 1y 0} paulle uleund sysalju3  Q0L-0F yiod . 96 0clee 9EF vyl 14
s[eAa| apnjie Ybiy pue moj e jsem wWolj uoissiwa painjded ulepng  auliadid ‘syuey ‘sbuiping  09-0% yiod S GC elve 0cF vl € ce
UoNo3)ap [aA8] MO SaAJeA ‘sBulpy ‘suljedid 0] xesn l'0 66 COFv0 c
sBuip|ing Ja)snjo punoJf Jo sal}all SUOIJRIJUSUOD [[ews pajoale( puE sBuIp(ng Hmmi\_mwwﬁw an yiog G0 09 VIF LT |
hoﬁ__Wm uapiuIaul yea| dUsfA A 4K wdd o Jaquinu
sjuawwoojuonduosap uoissiwg uoljedo| uoissiwg 0} JopIWd Jlo lo /sduuo} jsduuo} [W H40S uoneoso| IS
aauejsiq shonuguoy JusA YHO Jo 9l uoissiwg o4y

(penunuoo) ¢ ajqer

Geoscience BC Summary of Activities 2019: Energy and Water

94



95

Geoscience BC

(edX GZE 101 'D.G)) SED [einjeu ;W 89cC o YHO MGLC=TO ) (0L<) suoissiwa painseaw ybiy = 0 0 0 0 winwiuip
(edX SZ€'L0L “0.Gl 18) U/PHD (W e8Z00 =H40S | (01> 010’ L<) SUOISSIWS palnseswl sjeispowl = 9’18 09 £8659 [eleYd winwixe
(edX GZE'10OL 'D.GL ) PHO M 26EL = YHO suuo} | (01> 01 0<) SuOISSIWS paiNSEaW MO| = ard oL 9€/L / uelipa|y
jussaid ale siols Buipunol Jybijs swog (0) suolssiwa painseaw ou = z8l 0/ 0.92L 1°1S uoljeIA3p piepuels
S9J0N (11A/sauu0)) [9A3] XNId PpPod| ¢ 9 6959 v’z abelony
paads puim mo| ‘soueleA pulm YbiH |lelonoBls  G90€ usyiwe| ¥l 096l oLF6'L ]
paads puim mo| ‘aoueleA puim ybiH i 0L s WIB| 0 GBS 0CF ¥ ¥
’ ’ ’ ’ ‘peay |lom ‘Buipiing ' .
paads puim mo| ‘soueleA puim ybiH Jossaidwo) ) s wIB| ve S0 Sv9 J0F9C e 0S
paads puim mo| ‘souelieA puim ybiH Jossaidwod ‘Buiping oz | s wWIB| 10 w2 OLFE0 z
paads puim mo| ‘adueliea puim ybiH Buipjing 0C s e | 10 ¥/ J'0FEQ l
S|aA8| UoISSIWS MO| Je uoloajap Bulk| moT Nuel 43 shonuuoy  Yean ) 20 Ive S60FV'L 4
Bulp|ing spJemo} pajulod uoljos)ep Jo Ajlofew ‘uopoajep Bulk| mo peay |jom ‘Bulpjing 0l shonuiuoy  Xesn o LT lZlE GGL¥ Gl L -
suolyesipul BUIA| moj |lews Buipling L shonuiuoy 00 O wdd 9'0€0 14
suoljesipul jlews juel el SNONUIUOD  JUSA . 1'0 9l L1'0F 990 €
suopeslpul Buif| ybiy pue mo1 pesy |lom Yoeldund  ¢/-/| shonuuoy  xesn ol 60 062l 6'LFCS 4 o
suoljeoipul dieys Bulf| mo7 peay |Isp gl shonuijuoy  Xean 60 16l 7 LF8Y L
S8pnjijje WNIpawW pue Mo| je suoljedipul ma ‘soel dwnd .vmwﬂ_ﬂﬁ% 020l snonuiuo)  Mes o 'z 162 Z£F 2L z 1eadai
S9pnyijje Jsamo| je sy |lewg JUeL [o]3 shonuiuop  Xean €0 ¢/t 60FGL } a
peay |Ispn Gl shonuuoy  xesn YA YA ¥¥ Gl €
)i 3Y) Jo apls Yyoea Uo suoleolpul [aAs] Mo AjaAie|sy peay |jom ‘sbuipiing Gl shonunuog  yjog  ¢'zg ¥y 1029 9lF GC 4 VA4
suoljedlpul ab1e| yjim Yes| [9A8] Mo quel 143 shonuiuoy  Xean €6y GGCE9  €8F GGC l
Mmal10 |90 Aq pauado sioop Jaye Ajuo Juswainseaw juie peay |jom ‘Buipjing 0z WejlwIa| JUBA €0 €0 LY L'LF6'L L op
JUSWaINSEaW UOISSIWS |9A3] 8)IS Buipjing ‘Jossaidwo) oL snonuuoy yea] L' 1'G  ¥6LL 1T¥ 62 L v
suoljeoipul BUI| moT Buipiing (074 shonunuop  Xesq L'g L1'G  v6lLL 6F 6¢ L EMMQ
Yea| Buik| moq Buipiing vl shonuuop  Xesq  Z'6 6  668CL €lF s l |34
suolesipul jlews Buipiing ol snonuuoy  xesn 20 €2 SlFLL &
peay |jam Aq urepnd pesy ispmy GL-0lL snonupuoy  Mesq  g'| 0 029 8'CFSC 4 44
punoif Jeau syes) |lews Jo young Buipiing ‘sue| Sl—/ shonuiuog  yjog €l 98/l L'GF¥CL l
Kjqissod eale yueyBulp|ing Wol} SjusWLINSEaW JUS)SISUOY) Bupping  oz—/1 snonuiuo) Yea| GG S 069/ /¥ IE L Ly
SYe3| [9AS] MO UE) ‘pesy |I9p 01574 shonujuop  Xesq €0 €0 /6 Sy'0F9’L L (014
SYea| [oAS] MO Buip|ing Jossaidwo) 6-/ snonuuo)  yea 'L €LSL 1TF L9 ¥
auljedid pue ainjonujs Jo Juaa Buip|ing joadsns ‘Yes| |aAs| YbiH ‘Buipping ‘_owmmw‘_ﬂﬁm_m cz—/ snonuiuo)  yjog Sl /v 8659 0LF 992 e o
Buipjing uo juan joadsns ‘uonoslep [aAs| UBIH syue} ‘Buip|ing ‘peay |Bp GL-LL snonunuoy  JUSA 0€ ¢evly <C9F.l9l 4
»uey Jo JusA Bulp|ing Joadsns ‘suoissiwa apnyije Ybiy pue mo| Jo XI|N Sxue) ‘Buipjing ‘peay oA GL-L ) shonuuo)y  yjog 16 6LLL 9LLFLS8C L
syes| Bulk| moT Buping  ZL-v1 shonuiuoy  Xesn 90 898 L'VFGE €
apnjijje W —| e pajodisp syesT oel duing 0c snonupuoy  Mes|  gg €0 Iy G0F6l 4 8¢
puimdn xes| e jo uoneoipul ‘wdd mo| A1sp MBINIBAO B)S  0S—0C snonuiuoy  yea 9Z Tlse 9F vl L
._om——__Wm wepuIsul yeap dMsfK KK A awudd o Jaquinu
sjusawwoojuondIosap uoissiwg uoljeoo| uoissig o} Jowa lo lo /sduuo} jsduuo} jW H40S uoneoso] 9IS
mo:mu.m_o snenujues: jueg. YHD Jo 9jel uoissiwg Jdnv

(penunuod) ¢ ajqeL

Geoscience BC Report 2020-02



PN

Geoscience BC

VEZATE 0 10 20 30 40 50

metres

y.3295

y.3293

y.3291

Relative latitudinal position (°N)

X.4750 x.4746 x.4742 x.4738
Relative longitudinal position (°W)
Figure 12. Heat map of the GHGMapper™ survey at Alberta Methane Field Chal-

lenge site 30. The hotter colours on the transect line indicate elevated methane
levels detected.
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Figure 13. Example of GHGMapper™ Gas Flux Curtain™ for Alberta Methane
Field Challenge site 30 with low methane emission anomalies. The warmer colours
on the vertical flux plane indicate zones of higher methane flux. The coloured vector
lines point toward the source of the emission.

atone location, which is approximately 10 times the natural
background level. Figure 17 shows examples of vector
plots at site 22. The points in any flight where higher meth-
ane emissions were detected are indicated on the heat map
as an overlay of coloured circles (larger and hotter colours

indicate higher methane concentration). In
addition, the methane concentration colour-
coded wind vectors on the figures point in di-
rection of the wind. Figure 18 shows an ex-
ample of an intense Gas Flux Curtain on the
eastern margin of site 22.

The overall site 22 methane emissions are
summarized in Table 3. The highest emission
at one location on the site was 144 SCFH,
which is approximately 36 000 CH, m’*/yr.,
25.6 tonnes CHy/yr. or about 1300 GJ/yr. nat-
ural gas. Based on current gas pricing this sin-
gle leak translates to roughly $2300 market
transacted price (approx. $1.75/GJ; Gas Al-
berta Inc., 2019) or $10 000 residential con-
sumer price (approx. $7.50/GJ; FortisBC,
2019). Considering that a typical passenger
vehicle emits about 4.6 tonnes CO,/yr., and
1 tonnes CH,4 has the global warming poten-
tial (GWP) of 25 tonnes COse, this loss repre-
sents the emission equivalent of about 140
vehicles (Solomon et al., 2007; Stocker et al.,
2013).

Discussion and Summary

The AMFC program offered GHGMap an
excellent venue to test the GHGMapper plat-
form and Gas Flux Curtain methodology to
provide quantitative measurements of green-
house gases at a variety oil and gas facilities.
The 42 plus 2 repeated (sites 43 and 47)
AMEFC sites surveyed over 10 days often in-
cluded multiple flights at each site. Despite
some poor weather days with sporadic rain,
the GHGMapper was successfully deployed
each day from June 12 to 21. No technical or
operative issues were experienced with the
equipment. As part of the AMFC require-
ment, daily reports that summarized the re-

sults of the sites surveyed were provided each day.

The intensity of the methane fluxes was subdivided into
four emission level groups namely: no, low, moderate and
high. Table 4 provides the overview of the methane flux

Table 4. Summary of methane (CH,) fluxes measured by GHGMapper™ surveys during the Alberta Methane

Field Challenge.

Emission level Methane flux range Number Percentage of

Sites

classification (tonnes CH,/yr.) of sites total sites
No 0 7 16.6 6, 15,16, 19, 20, 21, 27
Low >0t0<1.0 8 19.0 3,11,17,18, 30, 37, 40, 46
1,2,4,5,7,10,13, 25, 31, 32, 33,
Moderate >1.0t0<10.0 21 50.0 34,38, 30, 41, 42, 43, 44, 48, 49, 50
High <10.0 6 14.3 6, 9,12, 22, 23, 24, 47
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classification thresholds (tonnes CHy/yr.) and
the grouping of the AMFC sites.

During the GHGMapper surveys, a wide
range in methane fluxes were encountered
and referenced against background atmo-
spheric methane. The histograms in Figure 19
show the range in fluxes measured and their
distribution. The fluxes within a particular
site could be highly variable and intermittent.
Seven of the 42 sites had no measureable
methane fluxes, e.g., 0 tonnes CHy/yr. (Ta-
bles 3, 4, highlighted in green). Another eight
sites had only low measureable methane
fluxes, e.g., <1.0 tonnes CHy/yr. (Tables 3, 4,
highlighted in blue). Together these 15 sites
of no or low methane flux comprised 36% of
the total. On the higher end of the spectrum
(Figure 19), 21 sites had methane fluxes at
moderate levels of 1.0 to 10.0 tonnes CHy/yr.
(Tables 3, 4, highlighted in yellow), whereas
six sites had high levels >10 tonnes CH,/yr.
(Tables 3, 4, highlighted in red) with maxi-
mum methane flux values of 266 SCFH at site
9, 255 SCFH at site 47 and 205 SCFH at site
23. This translates to 47.2, 45.3 and
36.4 tonnes CH,/yr. emitted at sites 9, 47 and
23, respectively (Table 3). The 27 moderate
and high methane flux sites comprise 64% of
the total sites surveyed.

Methane fluxes above 100 SCFH were ob-
served in several instances (Table 3, Fig-
ure 19), but at any location on the AMFC sites
the average was 26.4 SCFH (3.6 tonnes CH4/
yr.) and median value was 7 SCFH
(1 tonnes CHy/yr.). The large standard devia-
tion of 51.1 SCFH (7 tonnes CH4/yr.; Table 3)
indicates the high variability between sites.
The intra-site variability is underscored by
the comparison of the repeat survey at site 47,
which ranged from 1.5 to 255 SCFH (0.3 to
45.3 tonnes CHy/yr.; Table 3). When the indi-
vidual emissions on each site are integrated
into a site total flux (ignoring the two re-
peats), then the average, median and standard deviation
values are 9.8, 2.5 and 18.5 tonnes CH,/yr., respectively.

Relative latitudinal position (°N)

To place these methane emissions in perspective, these
findings were compared to those of Allen et al. (2013).
They reported the following national emission rates: 1) un-
loading of gas well liquids leak 0.75—4.7 tonnes CHa/well/
yr., 2) pneumatic devices leak 1.1 tonnes CHu/device/yr.,
3) chemical injection pumps leak 1.6 tonnes CHa4/device/
yr., and 4) equipment leak 0.5 tonnes CHy/well/yr. Clearly,
many individual locations on the AMFC sites had notably

Geoscience BC Report 2020-02
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Figure 15. Flight tracks (red line) for GHGMapper™ survey at Alberta Methane
Field Challenge site 22 (indicated).

larger methane fluxes (average 3.6 7.0 tonnes CH,/yr. and
maximum of 36.6 tonnes CHy/yr., Table 3) than those of
Allenetal. (2013). Kang etal. (2014) also measured a wide
variation in well leakage in Pennsylvania, ranging from un-
detectable to a high of 3000 tonnes CHy/well/yr., and a
mean of 99 tonnes CHy/well/yr. In the UK, Boothroyd et al.
(2016) examined fugitive methane emissions from 103
abandoned onshore wells and reported that 30% of these
wells had fugitive methane emissions with a mean of
15 +25 kg CHa/well/yr. This is consistent with others who
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Figure 16. Two GHGMapper™ flight time series plot (a) approx. 7 min and b) approx. 15 min) of methane con-
centration (blue trace) and altitude of the small unmanned aerial vehicle (orange trace) for Alberta Methane

Field Challenge site 22. High methane anomalies were detected.
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Figure 17. Heat maps of the Alberta Methane Field Challenge site 22 GHG-Map-
per™ survey. The hotter colours on the transect line indicate the elevated methane

levels detected.
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find that inactive wells overall have lower
emissions than active wells, e.g., Bachu and
Watson (2006).

Hardie and Lewis (2015), who examined
well leakage of methane by surface casing
vent flow (SCVF) and gas migration (GM) in
Alberta and BC, found that 76% of the wells
had <2 tonnes CHy/well/yr. They also re-
ported that 41% (Alberta) and 58% (BC) of
the wells have leaks of <0.2 tonnes CHy/well/
yr., but noted that some well leaks exceed
200 tonnes CH4/well/yr. Currently in BC, the
regulation for acceptable SCVF is 300 m®/
well/day or approx. 78 tonnes CHy/well/yr.
(Higgins, 2018). Recently, Werring (2018)
reported on the methane fugitive emissions in
BC measured by vehicle. Werring estimated
that the average methane leakage from well
surface casing vents is between 2.3 and
2.9 tonnes CHy/well/yr., which is lower than
the BC Oil and Gas Commission database es-

Geoscience BC Summary of Activities 2019: Energy and Water
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Figure 18. Example of GHGMapper™ Gas Flux Curtain™ for Alberta Methane

Field Challenge site 22 with high methane emission anomalies. The warmer
colours on the vertical flux plane indicate zones of higher methane flux. The col-

oured vector lines point toward the source of the emission.
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Figure 19. Histogram of methane (CH,4) emission rates from all sites surveyed during the Alberta Methane Field Chal-
lenge. The histogram on the right has an expanded scale. Abbreviation: SCFH, standard cubic feet per hour.

timates of 5.9 £94 tonnes CH4/well/yr. for wells with any
reported SCVF emissions (BC Oil and Gas Commission,
2019). This estimate is similar to the median integrated
value of 2.5 tonnes CH,/yr. measured for the AMFC sites
(albeit not SCVF sites), although the average of 9.8 and
maximum of 81.6 tonnes CHy/yr. is substantially higher
(ignoring the two repeats).

By using the small and robust high sensitivity GHGMapper
with gas sensors on unmanned aerial vehicles during the

Geoscience BC Report 2020-02

AMEFC, the team was able to demonstrate a fast, safe and
quantitative replacement of traditional, nonquantitative de-
vices to determine gas emissions. The GHGMapper™ of-
fers a real alternative to efficiently survey gas sources with
true gas flux measurements on scales from metres to
kilometres.
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