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Peace River
Monitoring Area
Program (PRAMP)

Current and potentially new

continuous air monitoring
stations (including a 5 km
radius buffer)
« Three Creeks (TC 986
& TC 842)
*  Reno
« Cadotte Lake
«  Grimshaw
« Peace River Complex
(PRC)
« Peace River Pulp

Division (PRPD/Mercer

Plant)

Stations are not in the heart

of emission sources

Symbols show the locations

of emissions facilities

Base map shows the area
density of surface wells
locations.
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PRAMP network

% PRAMP sites
¥r Non-PRAMP sites
5 km radius buffer
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Facilities in the PRAMP area
(Data: AER)

Oil & Bitumen Facilities

Oil Sands

Rail Car Oil Load-/Unloading
QOil Pipeline
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Enhanced Recovery

Crude Oil Multi-Well

Crude Oil Proration

Crude Oil Single-Well

Oil Tank Farm

Crude Bitumen Heavy Oil
Crude Bitumen Multi-Level Pro.

Crude Bitumen Multi-Level

Prr>O0ece

Crude Bitumen Single-Well

Gas Facilities
A Underground Gas Storage

%% Gas wells, plants & pipelines

+ Field Gas Meter Station

Other Facilities

A Drilling & Completing
<{» Custom Treatment
4> Brine Production

¢ Compressor Stations
O Surface Waste Facility
[0 Disposal

® Water Source

Wells area density

. Sparse
Dense




Basis for Evaluation — Emerging Issues

% Priority One

= Hydrocarbon context: emissions reduction, regional air quality improvement, a regulatory framework for
CHORP is in place (Directive 84) and mitigation measures have been implemented. How do these
changes inform the optimization of PRAMP’s monitoring program?

% Priority Two

= The air monitoring station and 12 passive monitors at the Peace River Complex are anticipated to be
added to the PRAMP network soon. If or how can the overall monitoring network be optimized?

= PRAMP has been asked to consider incorporating the two Mercer air quality monitoring stations, Mercer
Plant (PRPD) and Mercer Town. If or how can the network be optimized?

% Priority Three

= There is a large monitoring-deficient area adjacent to PRAMP. Are there any emerging air quality
iIssues in this area that PRAMP should consider in its monitoring program?

= How can lower-cost technologies best be incorporated into the PRAMP program (e.g., Purple Air sensors).



Priority 1 Approach

+» Potential Outcomes

L)

= Reconsider number of stations and/or parameters

= Reconsider location, duration, frequency, methodology, technology, etc.

“ Assessment using continuous, intermittent and historical AQ/emissions data:

)

= Temporal trends of emissions as reported to NPRI from facilities within PRAMP

= Time series, temporal trends and compliance of pollutants levels measured by the PRAMP network
= Correlations of pollutants among PRAMP stations for optimization purposes

= Diurnal variations of pollutants at each PRAMP station and comparison between stations

= Meteorological controls on pollutants at each PRAMP station: wind and pollution roses

= Changes in canister-based VOCs concentrations over time and their compliance
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Three Creeks 842 Reno Cadotte Lake

Three Creeks 986

PRAMP Concentration Trends
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Trends statistically not significant at Cadotte

Lake due to short record
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However:

Since 2011, all stations decrease
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TRS trend at 986 different

O

before/after 2015 due to different

analytical settings
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SO, decreases at Three Creeks
No change in THC or CH,,

concentrations
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Reductions in NMHC at 986

O

Annual averages don't tell the full story on
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0
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trends, but it is not evident that low VOC

emissions are reflected in sustained reductions
at all stations (e.g., 2021 NMHC at 842)



Compliance of 1-h average
concentrations

= Historical and recent exceedances of 1-hour
TRS threshold at Cadotte Lake and Reno,
suggesting an ongoing potential for occasional
odour detection

. No exceedances of 1-hour SO, (1-h AAAQO =
172 ppb)

- No exceedances of 1-hour CH, (ESL = 20-512
ppb for both short and long terms)

= No thresholds for THC and NMHC
= Grimshaw is a new station that started

operating in December 2021 (here only data
from December 2021 is presented)

THC (ppm) SOz (ppb) TRS (ppb)

NMHC (ppm)

CHy4 (ppm)

Continuous AQ monitoring in the PRAMP area

= Three Creeks 986
—— Three Creeks 842

Reno = Grimshaw
—— Cadotte Lake -- AAAQO
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2013 2014 2015 2016 2017 2018 2019

2021
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PRAMP Station Correlations: Three Creeks 986 & 842, Reno and Cadotte Lake
(2019-2021 data)

= Are the stations highly correlated TRS 50, THC
for all pollutants? If yes, then one TC 986 TC 986 TC 986

of the stations can be removed

TC 842 0.25 TC 8424 0.25 TC 842 0.25

from the network.

Reno 1 -0.25 Reno A -0.25 Reno -0.25

-0.50 =0.50

= Pearson r varied from -0.003 to
+0.78-> stations are spatially and
temporally related, especially in

Cadotte Lake -0.75 Cadotte Lake A -0.75 Cadotte Lake —-0.75

Pearson correlation coefficient (r)

Pearson correlation coefficient (r)
Pearson correlation coefficient (r)

-1.00

o
S

TC 986 TC 842 RencCadotte Lake TC 986 TC842 RendCadotte Lake TC 986 TC 842 RendCadotte Lake

terms of NMHC (0.78) and THC NMHC
(05) TC 986 0.75 % TC 986 0.75 %
- However, the correlations for e 84> t e 52 t

other pollutants are weak > - : - _
different controls at each
station (e.g., wind direction, Cadotte Lake m Cadotte Lake a
emiSSionS) may prevent TC 986 TC 842 RendCadotte Lake TC 086 TC842 RencCadotte Lake "
stronger correlations - T
stations are not so similar.

Notice the strongest correlation
between 986 and 842 for NMHC
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PRAMP Station Correlations: Three Creeks 986 & 842 and Reno (2015-2021 data)

= Are the stations highly correlated TRS o 50, oo THC Lo _
for all pollutants? If yes, then one TC 986 : 1C 986 : TC 986 :
of the stations can be removed g - =%
from the network. TC 842 0.00 é TC 842 0.00 ‘% TC 842 0.00 é
= Pearson r varied from +0.1 to reno| Reno’ Reno
+0.5-> stations are Spatla”y and TC986  TC842  Reno oot TC986  TC842  Reno o0 TC986 TC842  Reno o0t

temporally related, especially in

terms of THC NMHC CHa T

Notice the strongest correlation
between 986 and 842 for THC

1.00 1.00

0.75 0.75

TC 986

* However, the correlations are Teome
weak —> different controls at
each station (e.g., wind
direction, emissions) may
prevent stronger correlations
—> stations are not so similar.
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Diurnal Variations — TRS example

Diurnal variations in mean
concentration, and in the
standard deviations of
concentration can support
network rationalization.

In this TRS example, Cadotte
Lake has a unique profile, and
S0 is not a candidate for
elimination. It was also unique
for NMHC.

Overall, average diurnal
profile is not the best
differentiator. But considering
the diurnal variation of all
gases, either station 986 or
station 842 are considered
potentially redundant.

TRS [ppb] TRS [ppb]

TRS [ppb]

1_

0

Jan Feb Mar Apr
T T T T T T I T T I I T T T T I T T T T
May Jun Jul Aug
! I T T T T T T T T T T T I T I I T T T T T
Sep Oct Nov Dec
SN N —| T
I T T T T T T T I T T T T T T

Time of day

T
0 4 8 12 16 20 24 O

Time of day

T T
4 8 12 16 20 24 O

Time of day

I
4 8 12 16 20 24 O

I
4 8 12 16 20 24
Time of day

10

—— Three Creeks 986 (mean)
Three Creeks 842 (mean)

—— Reno (mean)

—— Cadotte Lake (mean)
Three Creeks 986 (std)
Three Creeks 842 (std)
Reno (std)

Cadotte Lake (std)
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Meteorological Effects — Wind & Pollution Roses

Three Creeks 986 Pollution Rose Reno Pollution Rose

= Are any pollution roses
different than the wind
rose? If yes, the station
might be uniquely situated.

= In this NMHC example,
pollution roses for all
except possibly Cadotte
Lake are different than the : ,, :
wind rose and reflect the e T e
influence of nearby ‘ "
sources.

= To uno!erstand If one is é\!l';}.
potentially redundant, = Stk
would need to better ///l‘\\&
understand local sources [
near each. Without that, we
would say none can be
eliminated.

05115

Frequency of counts by wind direction (%) Frequency of counts by wind direction (%)
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Changes and compliance of canister-based VOCs concentrations at or nearby
PRAMP stations between 2010 and 2020 (e.g., acrolein, benzene and chloroform)

= Each station has different timeline

986/986b/986¢ 842/842b Reno/Reno2
= Data compare well between stations, but ~ _ " T 1-h ARAQO
986 recorded a higher exceedance of the  £1° 10 10
AAAQO for acrolein in 2019 compared to  § s- 5- 5-
842 and Reno éc ISR o . . ?.] S
2010 2012 2014 2016 2018 2020 2014 2016 2018 2020 2016 2017 2018 2019 2020 2021
= 986 also recorded an exceedance for 15 15 15
benzene in 2019 g . " Lol
= No odour exceedances for chloroform % > > >
were found at any site . o-;-*e-.-l . ol
2010 2012 2014 2016 2018 2020 2014 2016 2018 2020 2016 2017 2018 2019 2020 2021
= The VOCs decrease over the past 3 years z °° °°
at all stations, except for chloroform at £ 40 40,
Reno “E 201 201 201
_ | =
" Wlth one except|0n, the Three Creaks ° 20I10 20I12 20I14 2016 2018 2020 ° 20I14 20I16 2018 2020 ° 20I16 20I17 20I18 20Il9 20I20 20I21
stations show similar VOCs ranges,
Suggesting possible redundancy. * The number of samples used to derive the average concentration represented by each bar varied

largely, from 1 to 51 samples, depending on the VOC.
* The exceedances in acrolein and benzene during 2019 were based on 1 sample (at 986), 2 samples

(at 842) and 5 samples (at Reno).




Priority 1 Summary
* What the assessment says:

= Since 2011, emissions of all NPRI reported compounds, except PAHs, have decreased. This supports reduced
monitoring for VOCs (NMHC), of which emissions are near zero when summed over all NPRI reports. However:

* Are reductions the result of decreased production, and might increase again?
«  Are many smaller facilities emitting below reportable levels? Yes.
= Trends in annual average concentrations of pollutants in the PRAMP network. Since 2011, TRS decreased at all
stations. SO, decreased at Three Creeks stations. There were reductions in NMHC at 986.

« However, low reported VOC emissions are not reflected in sustained NMHC reductions at all stations
(e.g., 2021 NMHC at 842)

« Itis likely that low levels of VOC emissions from many facilities and well sites contribute to elevated
baseline concentrations

- Similar trends and concentrations at both Three Creeks stations, suggesting one is redundant

= Time series of extreme concentrations of pollutants in the PRAMP network, and AAAQO compliance.

« Historical and recent exceedances of 1-hour TRS threshold at Cadotte Lake and Reno, suggesting an
ongoing potential for occasional odour detection

« 1-hour SO, concentrations are much less than AAAQOs

= Changes in canister-based VOC concentrations suggest a weak decreasing trend over the past 3 years

13



Priority 1 Summary
* What the assessment says:

= Correlations of pollutants among PRAMP stations for optimization purposes:

= The largest correlations were found between Three Creeks stations for NMHC (r = 0.78) and THC (r =
0.5) over the past 3 years - the stations might be marginally redundant but only with respect to
hydrocarbons

= OQverall, the low correlations do not support a reduction in the number of stations

= Diurnal variations of pollutants at each PRAMP station
* Unique profiles for Cadotte Lake for TRS and NMHC
« Considering all gases, 986 is potentially redundant

= Meteorological controls on pollutants at each PRAMP station (pollutant roses)

« For all pollutants but NMHC, the pollutant roses are similar to the wind rose for each station, suggesting
unique sources are not contributing and therefore that some stations are redundant

- Differences for NMHC suggest the stations are uniquely situated and not redundant. Further work looking
at emissions from nearest facilities contributing to concentrations would be needed to reverse this (i.e., a

dispersion model study).

14



Priority 1 Draft Recommendations

Remove stations?

The assessment weakly supports
elimination of one of the Three Creeks
stations with the 986 being the potential
candidate based on temporal trends,
diurnal profiles and correlation. However,
the support is too weak for this
recommendation to be made.

Reduce parameters?

Can VOC/NMHC be eliminated given
D847 No, given apparent non-reportable
sources.

Can SO, or TRS be eliminated? No,
because SO, is relevant and TRS still
shows exceedances at two stations.

What about meteorology? No, given
differences in windroses at sites.

Eliminate THC or CH,?

Station Name

Maonitoring
Method

Parameter

986c

842b

Reng

AQHI

(T

CMRL

[EREY

Mercer

(Tommuitef

Mercer

(iastsite)

Peace Peace
River River
fabove voley) i wailew)

Nampa

Continuous

Sulphur Dioxide

Total Reduced Sulphurs

¥

L ]

Hydrogen Sulphide

Hydrocartons

Torai, Mechane, & Mos-Lirthene

Owides of Nitrogen
Tora, Nimic Cwide, Nitrogen Diowide

Orone

Fine Particulate Matter
Pavticies £ 2.5 AMerond it DVaesstes

Wiind
Seeed & Dirertion

Precipitation

Climate Variables

Femperseure, Relanive Humidicy, Boramemc Presso

Air Quality Health Index (AQHI)

Thirg-Bpety Colcwated Mut-Aorpmeter Inger

Intermittent

Mon-Methane Hydrocarbon Canister

Methane Canisber

Passive

Polyoyclic Aromatic Compounds

Small
Sensor

Fine Particulate Matter
Pavtichei & 3 § Miigroni is Darmeher

Climate Variables
TEMEErarue, REmnye sy

Air Quality Health index Plus [A0HI+]
Third- Pty Calowaned Segie-Parameter Index

15
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Priority 1 Draft Recommendations

= Move stations?

* No, unless we want to move into more
dense emission areas

= Change technology?
« Passive SO,?

« Passive or gas-sensitive semiconductor
technology VOC?

Station Name

Monitoring
Method

Parameter

986c

CNRL

(RE)

Mercer

(Temmsile}

Mercer

(#astuite}

Peace Peace
River River
dabave woley) i wailew)

MNampa

Continuous

Sulphur Dipxide

|

Total Reduced Sulphurs

L

Hydrogen Sulphide

Hydrocarbons

Toral, Mething, & Nos-Migthane

Owides of Nitrogen
T, Nirie Guide, Nitrogen Diowige

Dzone

Fine Particulate Matter
Povriches 5 2.5 Microas in Diomiter

Wiind
Speed & Direceion

Precipitation

Climate Variables
Tempersture, Revonive Humidizy, Boromemic Fressure

i Quuality Health Index (A0MI)
Third-Party Calowioted Mwti-Povameter Ingex

Intermittent

Mon-Methane Hydrocarbon Canister

Methane Canister

Passive

Polyoyclic Aromatic Compounds

Small
Sensor

Fine Particulate Matter
Partizigs 5 1 § Migrons is iamerer

Climate Variables
Temperarure, Reiative Humiaity

Air Cuality Health Index Plus (AQHI+]
Thing-Pormy Colcwiated Singie-Pvometer Ingex
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Thank you.

Delivering a better world
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Historical air emissions from facilities within PRAMP boundaries
Locations of SO, and H,S sources along with annual emissions (NPRI data)
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Annual emissions of
Hydrogen Sulfide (H2S)
between 1999 and 2020
(Data: NPRI)

H2S (tones)

0.000000 - 0.968000
0.968001 - 3.970200
3.970201 - 11.040000
11.040001 - 16.740000

16.740001 - 27.220000

@eoc- -

Wells area density

- Sparse

Dense



Historical air emissions from facilities within PRAMP boundaries
Locations of VOCs and PAHSs sources along with annual emissions (NPRI data)
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Annual emissions of
Polycyclic Aromatic
Hydrocarbons (PAHs)
between 2004 and 2020
(Data: NPRI)
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Historical air emissions from facilities within PRAMP boundaries
Locations of PM, . and NO, sources along with annual emissions (NPRI data)
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Annual emissions of fine
particulate matter (PM2.5)
between 2002 and 2020
(Data: NPRI)
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Annual emissions of Oxides
of Nitrogen (NOx) between
2002 and 2020

(Data: NPRI)
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Historical air emissions from facilities within PRAMP boundaries
Locations of TRS and CO sources along with annual emissions (NPR data)
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Annual emissions of Total
Reduced Sulphur (TRS)
between 2007 and 2020
(Data: NPRI)
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Annual emissions of Carbon
Monoxide (CO) between
2002 and 2020

(Data: NPRI)
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Diurnal Variations — SO, example

= No significant difference in
the average diurnal
profiles of SO, between
stations

= 842 shows slightly higher
concentration throughout
the 24-h span, especially
during spring (March and
April).
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Diurnal Variations — THC example

= Significant difference
between sites are not
obvious in any month

= U-shape like diurnal
profiles suggest active
photochemistry of
hydrocarbons and
possibly a stronger vertical
mixing, particularly during
summer.
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Diurnal Variations — NMHC example

= Diurnal profiles of NMHC
at Cadotte Lake are clearly
distinct from those at other
stations regardless the
season

= Variability is large at all
stations (larger standard
deviations) in several
months.
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Diurnal Variations — CH, example

= Methane’s diurnal profiles
are consistent with those
of THC due to CH, being
the dominant hydrocarbon
in the THC sum.
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Meteorological Effects — Pollution Roses for TRS are not different than the related
wind roses = stations not uniquely situated

Three Creeks 986 Wind Rose Plot
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Meteorological Effects — Pollution Roses for SO, are not different than the related
wind roses = stations not unigue

Three Creeks 986 Pollution Rose

Three Creeks 986 Wind Rose Plot Reno Wind Rose Plot

151033

Frequency of counts by wind direction (%) Frequency of counts by wind direction (%) Three Creeks 842 Pollution Rose
Three Creeks 842 Wind Rose Plot CadotteLake Wind Rose Plot

i '{’ 2385

333333

N

05115

Frequency of counts by wind direction (%)
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Meteorological Effects — Pollution Roses for THC are not different than the related

wind roses = stations not unigue

Three Creeks 986 Wind Rose Plot

Reno Wind Rose Plot

151033

051015

Frequency of counts by wind direction (%)
Three Creeks 842 Wind Rose Plot

Juency of counts by wind direction (%)
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Frequency of counts by wind direction (%)
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Three Creeks 986 Pollution Rose

Three Creeks 842 Pollution Rose

otteLake Pollution Rose
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Meteorological Effects — Pollution Roses for CH, are not different than the related

wind roses = stations not unigue

Three Creeks 986 Wind Rose Plot

Reno Wind Rose Plot
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Juency of counts by wind direction (%)

I
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Frequency of counts by wind direction (%)
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Three Creeks 986 Pollution Rose

011208

:::::::

Reno Pollution Rose
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Compliance of 1-h average
concentrations at Cadotte Lake

Complementary air monitoring at Cadotte
Lake started on October 1st, 2020
Data records however started a bit
earlier, but measurements were taken at
a much lower temporal resolution

No exceedances of 1-hour NO, (AAAQO =
159 ppb); NO and NO, do not have AAAQO
for comparison

No exceedances of 1-hour O; (AAAQO =76
ppb)

A few high PM, - concentration events were
recorded in late 2020 and throughout 2021
and they exceeded the 1-h AAAQO of 80
Hg/m3

03 (ppb) NOy (ppb) NO; (ppb) NO (ppb)

PM; 5 [ng/m?]

Continuous AQ monitoring at the Cadotte Lake station
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