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conditions, is not responsible for any variability in such conditions, geographically or over time. 

AECOM agrees that the Report represents its professional judgement as described above and that the Information has been 

prepared for the specific purpose and use described in the Report and the Agreement, but AECOM makes no other 

representations, or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the 
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Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or 
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employees are not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether express or 
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opinions do so at their own risk. 
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reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied 
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AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to the 

Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or 
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Executive Summary 

AECOM Canada Ltd. (AECOM) was selected to evaluate the performance of the PRAMP ambient air quality 
monitoring network. As identified by PRAMP, the purpose of a network assessment is to optimize air monitoring 
networks to achieve the best possible scientific value and protection of public and environmental health and 
welfare. 
 

The following emerging issues governed the evaluation: 

Â Priority 1: emissions reduction, regional air quality improvement, a regulatory framework for cold heavy oil 

production is in place (Directive 84) and mitigation measures have been implemented.  How do these 

changes inform the optimization of PRAMPôs monitoring program? 

Â Priority 2: determine if or how the overall monitoring network can be optimized to include other continuous 

air monitoring stations, such as the Peace River Complex (PRC) station and the two Mercer stations (Plant 

and Town), as well as the 12 passive SO2 and H2S monitors around PRC.  

Â Priority 3: determine if there are monitoringȤdeficient areas that PRAMP should consider in its monitoring 

program. In addition, determine how lower-cost new monitoring technologies could be incorporated in the 

PRAMP monitoring program. 

 

The following general analytical processes were applied to support portions of the assessment: 

Â Calculation of PRAMP station and instrument uptime as input to data quality assessments 

Â Preparation of statistics for hourly, daily, and annual averages. Prepare box-and-whisker plots for hourly 

data.  

Â Preparation of correlations among ambient measurements for all stations in the network. 

Â Calculation and plotting of diurnal variations. Calculation and plotting of annual averages for each year in 

the dataset since inception. 

Â Preparation of wind and pollutant roses for each site, as well as statistics of wind speed at each monitoring 

station. 

Â Trends in annual emissions by facility and total within the PRAMP boundary. As part of this process, it was 

identified if any facility had significant emissions of unmonitored pollutants. Plot emission rates (density) of 

all sources within the PRAMP network area. 

 
The key data sources were: 

Â PRAMP continuous measurements of air quality and meteorology 

Â VOC canisters samples taken above preset thresholds (e.g., triggered samples by peak VOC detected in 

continuous gas chromatography measurements) 

Â PRC passives measurements of sulphur dioxide (SO2) and hydrogen sulfide (H2S) 

Â NPRI emissions for each station in the PRAMP area, and within 50 km of the boundary 

Â Other reports and modelling results relevant to the evaluation 

 
The key recommendations that followed from this analysis were: 

Â No stations should be removed from the network after adding PRC and Mercer stations. This was largely driven 

by the observation that measurements at the stations are essentially independent of each other, and winds are 

different at each station. In some cases, nearby emissions sources are unique. Removal of any stations would 

remove information from the network that could not be replaced by considering data from other stations. 

Â The need for monitoring in data deficient areas is not sufficient to justify the addition of new currently configured 

stations. Where deficiency could be considered to exist (some spatial areas and in communities), the use of 

low-cost sensors or the re-purposing of passive samplers is recommended. 

Â There was no evidence that any stations should be moved to provide more representative sampling. 

Â Several pollutants are measured in the network at consistently low concentrations, including SO2 and VOCs. It 

is not recommended that monitoring for these should stop. However, PRAMP could consider the replacement 
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of the continuous instruments that currently measure these parameters with alternative technology, like passive 

samplers or low-cost emerging technology, provided the data quality remains acceptable. 

Â The passive network around PRC should be discontinued as the SO2 and H2S measurements among many of 

the sites are highly correlated and they agree with those measured at the continuous PRC station which was 

established to also respond to emissions from nearby well pads. There may be an opportunity to relocate the 

passive network to other locations currently without monitoring. 

 
The report provides detail to support the recommendations and a suggested implementation plan for them. 
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1. Introduction  

1.1 Background  

Monitoring in the Peace River area began in 2010 and the Peace River Area Monitoring Program (PRAMP) has 

been in place since 2016. PRAMP is a multiïstakeholder group, consisting of individuals, companies, 

municipalities, Indigenous communities, provincial departments, and other levels of government, all dedicated to 

healthy air quality. A map of the area is shown in Figure 1 and a monitoring matrix is listed in Table 1. 

 

Figure 1: PRAMP Monitoring Network Map  

 
 

 

AECOM Canada Ltd. (AECOM) was selected to evaluate the performance of the ambient air quality monitoring 

network. As identified by PRAMP, the purpose of a network assessment is to optimize air monitoring networks to 

achieve the best possible scientific value and protection of public and environmental health and welfare. A network 

assessment includes:  

 

Â reȤevaluation of the objectives for air monitoring,  

Â documenting emerging issues, 

Â evaluation of a networkôs effectiveness and efficiency relative to its objectives and costs, and  

Â development of recommendations for network reconfigurations and improvements. 
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Network assessments often make recommendations that:  

 

Â adjust networks to address emerging issues  

Â aspire to protect todayôs population and environment and 

Â maintain the ability to understand longȤterm historical air quality trends.  

 

Through network assessments air monitoring organizations can take advantage of the benefits of new air 

monitoring technologies and improved scientific understanding of air quality issues.  Reconfiguring air monitoring 

networks can enhance their value to stakeholders, scientists, and the public.  

 

 

Table 1: Area Monitoring  Network  Matrix  

 

1.2 PRAMP Monitoring  Objectives  

The primary objectives of the PRAMP monitoring network are to: 

 

Â Provide high quality ambient data which, when used in conjunction with the appropriate statistical 

approach, will allow the assessment of: 

- monitoring data trends 

- the spatial distribution of contaminants of concern in the region, including identifying hotȤspots 

and emerging air quality issues. 

Â Provide ambient information for community monitoring needs including: 

- information for human health risk assessments 
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- assessing odours 

- measuring representative ambient concentrations in populated areas, and 

- providing information needed to communicate to the public an Air Quality Health Index (AQHI). 

Â Provide ambient information on cumulative effects, to assist in understanding the impact of:  

- multiple sources on the quality of air in the Peace River Area. Note that cumulative effects refer 

to the cumulative impact of multiple emissions sources on air quality; the meaning does not 

include interaction of air with other media, nor does it include the impact over time. 

 

The secondary objectives of the network are to: 

 

Â Support the monitoring and reporting requirements associated with regional, provincial, and national air 

quality management obligations including: 

- Information required for the implementation of provincial and regional air quality management 

strategies (e.g., Upper/Lower Peace Air Quality Management Framework), 

- Information required for CAAQS (Canadian Ambient Air Quality Standards) reporting, and 

- Information required for the implementation of provincial and regional acid deposition 

monitoring, evaluation, and management frameworks. 

Â Provide ambient information needed to support modeling and remote sensing (e.g., OSM work plans), 

including suitable input and validation information to verify or calibrate dispersion, transformation, and 

deposition models and suitable information to ground truth remote sensing data. 

Â Provide data to assess regulatory compliance. 

Â Provide information needed to understand transboundary transport including characterizing the quality of 

air entering and leaving the Region. 

Â Provide information needed to distinguish sources of industrial of emissions and other natural and 

anthropogenic sources. 

1.3 Emerging  Issues  

According to PRAMP, the following emerging issues were to govern the evaluation. 

 

Tier One  

Â Hydrocarbon context: emissions reduction, regional air quality improvement, a regulatory framework for 

cold heavy oil production (CHOP) is in place (Directive 84) and mitigation measures have been 

implemented.  How do these changes inform the optimization of PRAMPôs monitoring program? 

 

Tier Two  

Â The continuous air monitoring station and 12 passive monitors at the Peace River Complex (PRC), formerly 

operated by Canada Natural Resources Limited (CNRL) or its operating subsidiary Canada Natural 

Upgrading Limited (CNUL), were recently added to the PRAMP network. PRAMP would like to understand 

if or how the overall monitoring network could be optimized while still meeting the monitoring objectives.  

Â PRAMP has been asked to consider incorporating the two Mercer air quality monitoring stations, Mercer 

Plant (Peace River Pulp Division - PRPD) and Mercer Town (Figure 1) into the PRAMP network. The 

monitoring would be done on a fee for service basis, and in compliance with Mercerôs EPEA approval.  If 

the two Mercer stations were incorporated into PRAMPôs program, PRAMP would like to understand if or 

how the overall monitoring network could be optimized while still meeting the monitoring objectives.  
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Tier Three 

Â There is a large monitoringȤdeficient area adjacent to PRAMP. To the north and west of PRAMPôs 

boundaries, there is no Airshed and limited or no monitoring. Are there any emerging air quality issues in 

the area just outside PRAMPôs boundaries that PRAMP should consider in its monitoring program? 

Â With the growth of access to and interest in lower-cost new technologies for monitoring air quality, how 

could they best be incorporated in the PRAMP monitoring program (e.g., Purple Air sensors). 
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2. Data Sources  and Analysis  Procedures  

2.1 Data Sources  

The locations of facilities within the PRAMP area were taken from two sources, AER and the National Pollutant 

Release Inventory (NPRI). Figure 2 shows the type and locations of these facilities according to the AER inventory. 

Most of these facilities reported emissions of various pollutants to the NPRI database between 1999 and 2020 as 

shown in Figures A1 to A8 (Appendix A); these emissions are used as a reference for the observed changes in air 

quality within the PRAMP area over the past decade.  

 

Surface locations of wells from the AER inventory are also mapped in Figure 3 in terms of Kelly Bushing Elevation 

and area density (number of wells per unit area). The base map represents the density of wells within and outside 

the PRAMP area based on AER data. Note the Kelly Bushing elevation is the well depth measured from the drilling 

platform. For this report, the well depth is irrelevant but well locations are not. 

 

Figure 2: Oil , Gas and Other Facilities within  the PRAMP Area and Surroundings (AER Data)  
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Figure 3: Surface Locations of Wells and Their Elevation in the PRAMP Area  

 
 

 

Ambient air quality data for the PRAMP area was taken from: 

 

Â Continuous monitoring air quality and meteorology data from 2010 to 2021 was provided by PRAMP; 

additional data was downloaded from the Alberta Air Data Warehouse (https://www.alberta.ca/access-air-

quality-and-deposition-data.aspx) 

Â Monitoring conducted for compliance with EPEA approvals ï continuous, intermittent, passive, and dustfall, 

taken Alberta Air Data Warehouse or requested from the facility with assistance from PRAMP 

 

In addition, other information sources were considered: 

 

Â The most recent photochemical modelling study for the province (Rambol and Novus 2018) provided 

guidance on the location of stations relative to the location of predicted model concentration maxima. 

Â All ambient air quality monitoring required by all sources in the PRAMP area.  
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2.2 Analysis  Procedures  

The following general analytical processes were applied to support portions of the assessment: 

 

Â Calculation of station and instrument uptime as input to data quality assessments 

Â Preparation and tabulation of data statistics for hourly, daily, and annual averages. Prepare box-and-

whisker plots for hourly data. Tables of exceedance frequency for all variables and all stations. 

Â Calculation and plotting of diurnal variations 

Â Calculation and plotting of annual averages for each year in the dataset since inception. Information in the 

Stantec (2014) report was reviewed for additional support. 

Â Preparation of wind and pollutant roses for each site, as well as statistics of wind speed at each monitoring 

station. 

Â Preparation and tabulation of annual emissions by facility, pollutant since network inception. As part of this 

process, it was identified if any facility had significant emissions of unmonitored pollutants.  

Â Plot emission rates (density) of all sources within the PRAMP network area. 
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3. Results  of  Evaluation  

3.1 Priority  1 ï AER Directive  084 Impact  

3.1.1 Approaches to Evaluate Priority 1 

Directive 084 (Requirements for Hydrocarbon Emission Controls and Gas Conservation in the Peace River Area), 

with an effective date of September 27, 2018, set out requirements for addressing odour and emissions generated 

by heavy oil and bitumen operations in the Peace River area. This directive applied to all AER-regulated wells and 

facilities associated with heavy oil and bitumen operations in the Peace River area. This directive did not apply to 

AER-approved waste disposal facilities located in the Peace River area, which were under the requirements of 

Directive 060.  

 

The Priority 1/Tier One issue was to assess whether the existing ambient network (PRAMP) can be optimized. The 

reason is that mitigation of vapor release technologies and changes due to AER Directive 84 have been adapted 

and should now be evident in the data. Optimization may include reconsidering the number of stations, parameters, 

and other monitoring/measurements related aspects (location, duration, frequency, methodology, technology). 

 

The PRAMP network consists of four continuous ambient air monitoring stations (986, 842, Reno and portable 

AQHI) ï with recent addition of the PRC station to become the fifth -, each measuring sulphur dioxide (SO2), total 

reduced sulphurs (TRS), total hydrocarbons (THCs), methane (CH4) and non-methane hydrocarbons (NMHCs)) 

and meteorology (wind, precipitation, temperature and climate variables). Additionally, canister measurements of 

CH4 and NMHCs are available at three of the stations (986, 842 and Reno). The key emerging issue is whether the 

expected reduction in measured concentrations due to improved emission reduction strategies justifies network 

optimization.  

 

The work steps used to address the issue were: 

 

1. Examined the trend in annual emissions at each source and compared the trend to that of annual 

average concentrations at monitoring stations. Optimization was not considered if the trends in 

concentrations or emissions since emission controls were introduced are not downward, or if the 

trends are not consistent. 

2. Examined the extreme concentration statistics. Where exceedances of AAQOs or other thresholds 

(e.g., odour) are observed at any station, it is unlikely this station could be considered for 

rationalization. If the only exceedances were of annual averages, it is possible a passive approach 

rather than a continuous measurement approach could be adopted. 

3. Examined the concentration statistics by year. It is possible that trends in annual averages may not 

be present, but trends in percentiles or other statistics are. Reductions in percentiles or standard 

deviations would support optimization. 

4. Calculated and tabulated inter-station correlations. If hourly concentrations for all pollutants are 

highly correlated (above a threshold to be defined), one of the two stations could be considered for 

rationalization. 

5. Examined diurnal concentrations of hourly pollutant levels. Dissimilar profiles were a basis for not 

rationalizing the network. 

6. Compared pollutant roses to wind roses at the same site and compared pollutant roses among sites. 

Pollutant roses significantly different from wind roses or from pollutant roses at other stations were a 

basis for not rationalizing the network. 
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7. Reviewed well production data to determine if emission changes were the result of production 

changes or to emission reduction initiatives. 

3.1.2 Temporal Variations and Trends 

The time series of hourly average data for five pollutant categories (Figure 4) show variation over time at all 

PRAMP continuous monitoring stations, each station having a different starting time. The Three Creeks 986 station 

has the longest monitoring period among all stations (12 years), followed by Three Creeks 842 (10 years), Reno (7 

years), Cadotte Lake (3 years) and Grimshaw (1 month). On average, the stations appear to agree for all pollutants 

during overlapping time periods, with sporadic high concentration events being recorded differently by each station. 

The 1-h Alberta Ambient Air Quality Objectives (AAAQOs) for H2S (assuming TRS is mainly H2S) of 10 ppb is 

plotted in the top of Figure 4 and highlights a few exceedances (4 at Reno and 3 at Cadotte Lake). The SO2 and 

CH4 concentrations were well below the AAAQOs (172 ppb for 1-h average SO2) and the Environmental Screening 

Levels (ESL) - based odour thresholds (TCEQ 2015) (20-512 ppb for both short and long-terms of 1-h average 

CH4); note that these values are not visible on the graphs as they exceed the scale of the y-axes defined by the 

measured concentrations. AAAQOs or odour thresholds are not available for lumped categories, such as NMHC 

and THC. 

 

Figure 4: Temporal  Variation of  Hourly Pollutant Concentrations at 
Continuous PRAMP Stations  

 
 

The temporal trends for all pollutants were further assessed using linear regression of annual average 

concentrations versus time (Figure 5). Because each station covers different periods of time and there are at least 
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3 years of overlap between most of the stations, linear trends at each station and between stations were reviewed 

separately.  

 

Figure 5: Temporal Trends in Annual Average Concentration of Main Pollutants  

 
 

Linear slope values (ppb/y or ppm/y) over the entire monitoring period at each station show the direction and 

magnitude of change in pollutant concentration per year; slope values closer to zero indicate relatively no change. 

 

To summarize the extreme values and the comparison to AAAQOs, exceedances of the 10-ppb reference 

concentration for TRS occur at Cadotte Lake and Reno while concentrations of SO2 are much less than the 1-hour 

objective. 

3.1.2.1 Trends of Pollutant Levels Versus Time by Station 

When trends are considered over the available period of monitoring, the following was observed: 

 

Â Three Creeks 986 (data from 2010 to 2021) 
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- SO2 and NMHC decreased over time by 0.014 ppb/y and 0.481 ppb/y respectively 

- TRS increased by 0.031 ppb/y 

- No notable change in THC and CH4 (slopes values nearly zero). 

Â Three Creeks 842 (data from 2012 to 2021) 

- SO2 and NMHC decreased over time by 0.030 ppb/y and 0.045 ppb/y respectively 

- No notable change in TRS, THC and CH4 (slopes values nearly zero). 

Â Reno (data from 2015 to 2021) 

- TRS and SO2 slightly increased over time by 0.006 ppb/y and 0.011 ppb/y respectively, but 

decreased since 2018 

- No notable change in NMHC, THC and CH4 (slopes values nearly zero). 

Â Cadotte Lake (data from 2019 to 2021) 

- TRS and NMHC increased over time by 0.075 ppb/y and 2.722 ppb/y respectively 

- No notable change in SO2, THC and CH4 (slopes values nearly zero). 

3.1.2.2 Trends of Pollutant Levels Versus Time Between Stations 

When trends are considered over the available period of monitoring, the following comments are noted: 

 

Â TRS: 

- Increased and then decreased over time at all four stations. The trend is a decreasing one 

since implementation of Directive 84 as can be seen at all stations but Cadotte Lake. 

Â SO2: 

- Decreased over time at the Three Creek stations 986 and 842 by 0.014 ppb/y and 0.030 ppb/y 

- Slightly Increased at Reno and Cadotte Lake, but slope values are near zero and all the annual 

averages are well below 0.3 ppb between 2015-2021. 

Â THC: 

- No notable change over time is obvious at any station. 

Â NMHC: 

- Decreased over time at the Three Creek stations 986 and 842 by 0.481 ppb/y and 0.045 ppb/y 

respectively; the decreasing trend is more significant at 986 compared to 842 due to inclusion 

of additional two years with high concentrations (2010-2011) and ~3 times larger annual 

concentration in 2012 

- Increased at Cadotte Lake by 2.722 ppm/y, but trend is based on only 3 years 

- No notable change at Reno station. 

Â CH4: 

- No notable change over time is obvious at any station. 

 

Additional pollutants have been measured at the Cadotte Lake (2019-2021) and Grimshaw (December 2021) 

stations. These pollutants are nitric oxide (NO), nitrogen dioxide (NO2), oxides of nitrogen (NOx = NO + NO2), ozone 

(O3) and particulate matter with diameter smaller than 2.5 microns (PM2.5).  The nitrogen oxides family is known as 

an O3 precursor in addition to VOCs and, therefore, they can provide additional context to O3 contributions in the 

PRAMP area, although O3 pollution is not an issue in this region. The corresponding time series of these pollutants 

are provided separately for each station due to different temporal resolution.  

 

At Cadotte Lake (Figure 6), no exceedances of the 1-h average AAAQOs values were found for any pollutant, 

except for PM2.5 (the 1-hour guideline for PM2.5 is not a regulatory objective). The AAAQOs values for 1-hour O3 (76 
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ppb) and 1-hour PM2.5 (80 µg/m3) are plotted as a dashed line, while the AAAQO value for 1-hour NO2 (159 ppb) is 

not visible as it exceeds the scale on the y-axis. Note that the effective start date of data monitoring at this station 

was October 1st, 2019. However, prior to that, data was monitored but at a much lower temporal resolution 

(possibly due to testing of the station). 

 

Figure 6: Temporal  Variation of  Hourly Concentrations of  Complementary 
Pollutants Measured at Cadotte  Lake Station during  2019-2021 

 
 

Figure 7 shows the linear trends of the annual average NO, NO2, NOx, O3 and PM2.5 measured at Cadotte Lake 

between 2019 and 2021 (the 2019 average value may be biased due to considerably smaller sample size 

compared to years 2020-2021). Oxides of nitrogen slightly declined, while O3 and PM2.5 concentrations slightly 

increased over the past three years at the Cadotte Lake station.   

 

At Grimshaw (Figure 8), no exceedances of the 1-h average AAAQOs values were found for any pollutant, 

respectively values of 159 ppb (NO2), 76 ppb (O3) and 80 µg/m3 (PM2.5).  
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Figure 7: Temporal  Trends in Annual Average Concentrations of  Complementary 
Pollutants Measured at Cadotte  Lake between  2019 and 2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRAMP 

Ambient Air Quality Network Evaluation 

Peace River Area Monitoring Program 

 

Ref:  60680345  AECOM 

RPT_2022-11-28_PRAMP Network Evaluation_60680345_Draft.Docx  14 

Figure 8: Temporal  Variation of  Hourly Concentrations of  Complementary Pollutants 
Measured at Grimshaw  Station during  December  2021 

 

3.1.2.3 Intermittent Canister Data 

Canister VOC data from 2010 to 2021 at three of the PRAMP stations (Three Creeks 986 and 842, and Reno) were 

analyzed. Data from the 2010 to 2014 period are taken from AEP (no records were available for 2015) and 

represent samples collected at or near the current 986, 842 and Reno stations (past names 986b, 986c, 842b and 

Reno2). Data from 2016 to 2021 were provided by PRAMP and were based on the canister sampling system 

installed at continuous monitoring stations (Three Creeks 986 and 842, and Reno). The 1-h canister sampling 

events are triggered when the 5-minute average concentration measured in real-time at continuous monitoring 

stations reaches a threshold value (e.g., trigger point). For NMHC, the trigger point is 0.3 ppm. This assessment 

considered seven VOCs: acrolein, benzene, chloroform, toluene, ethylbenzene, m,p-xylene and o-xylene. Some of 

these VOCs are primarily emitted by refineries, petrochemical plants or evaporated from fuel storage tanks and 

typically are summed into a class of compounds called BTEX (benzene, toluene, ethylbenzene, and xylenes). 
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The approach averaged all available 1-h event data for each year and used the annual averages to infer the trend 

in VOCs to assess whether these VOCs exceeded their corresponding AAAQO or odour threshold values. Figure 9  

and Figure 10 shows how the annual average VOC concentration varied over time at each station and whether that 

average exceeded the corresponding AAAQO or odour threshold value. Note that the number of canister samples 

that contributed to the average in each year varied from 1 to 51, depending on the VOC. The number of samples is 

plotted above each bar in Figure 9 and Figure 10; where there was only one sample in a year, the actual 

concentration is used instead. The VOC with the largest number of sampled events was benzene and, therefore, 

the corresponding annual average is statistically more significant than those of other VOCs. Overall, the annual 

average concentration compares well among the stations, and it decreased during 2019-2021 at all stations for all 

VOCs except for chloroform and o-xylene at Reno/Reno2, which is in line with the decreasing trend in total VOCs 

emissions over the same period (Figure 11), and to a lower extent, with the trend in NMHC concentration (Figure 

5). Acrolein and benzene show exceedances of the 1-h AAAQO (1.9 ppb and 9 ppb respectively) in 2019 at 986, 

while benzene also shows exceedances at 842 and Reno in the same year. The number of samples contributing to 

these exceedances varied from 1 at 986 (for acrolein and benzene), 2 at 842 (for benzene) and 5 at Reno (for 

acrolein). Other VOCs had concentrations well below the 1-h AAAQO and odour thresholds. The largest BTEX 

concentration (~40 ppb) was observed at Three Creeks 842/842b in 2013 and was primarily driven by toluene. On 

average, all stations recorded BTEX below 25 ppb between 2014 and 2021. All stations and especially Three 

Creeks 986 had fewer canister samples since 2014, the number of samples ranging between 1 and 9 per year. 

 

Figure 9: Canister  Concentrations  of  VOCs (Acrolein , Benzene  and  Chloroform ) at or  near  
PRAMP Stations  Between  2010 and  2020, when  Trigger  Thresholds  were  Exceeded  
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Figure 10: Canister  Concentrations  of  VOCs (Toluene , Ethylb enzene , m,p-Xylene, o-Xylene 
and BTEX ) at or  near  PRAMP Stations  Between  2010 and  2020, when  Trigger  
Thresholds  were  Exceeded  

 
 

3.1.2.4 Trends in NPRI-Reported Emissions 

The trends in historical emissions of similar pollutants measured within PRAMP area are plotted in Figure 11, 

which also include a linear trend line for reference: 

 

Â Emissions of TRS and H2S increased over time and this trend is consistent with that of measured TRS at 

PRAMP stations over comparable time (Figure 5). However, emissions of TRS and H2S decreased after 

2014. 

Â Emissions of SO2 generally decreased in the monitoring period, like the trends in measured SO2 at PRAMP 

stations (Figure 5). 

Â Emissions of PAHs increased while those of VOCs decreased within the PRAMP area over time (Figure 

11). These pollutants are not measured directly in the ambient network but correspond broadly to 

categories of measurements provided as THC and NMHC in Figure 5. While THC concentrations did not 

change at any station and NMHC did not change at Three Creeks 842 and Reno, NMHC increased at 

Three Creeks 986 and decreased at Cadotte Lake. These changes are not fully reflected in NPRI emission 

information which does not account for many small oil and gas sources within and near the PRAMP 

boundary.  
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Â The trends in NOx at the Cadotte Lake station (Figure 7) are consistent with those from similar emissions 

from the larger PRAMP region between 2002-2020 and, particularly, for the period 2019-2020 (Figure 11). 

PM2.5 concentration measured at the same station (Figure 7), appears to be increasing due to a slightly 

higher annual average concentration in year 2021, most likely due to forest fires, but the trend from years 

2019-2020 is consistent with that of emissions for the same period (Figure 11). 

 

Figure 11: Temporal  Trends in Annual Average Emissions of  Pollutants as the Sum of  
All NPRI Reporting Facilities within  the PRAMP Boundary  

 
 

3.1.2.5 Trends in Oil and Gas Production and Relation to NPRI-Reported Emissions 

Volumetric monthly production data from the Petrinex Canada Petroleum Information Network (available at 

https://www.petrinex.ca/PD/Pages/APD.aspx) was used to assess the trends in oil and gas production in the 

PRAMP region, from January 2018 to August 2022. The data was primarily cross-referenced with the location of 
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the oil and gas wells within the PRAMP boundary and then filtered by activity type (production) and product type (oil 

or gas). Monthly average and total volumes were computed from these filtered data and plotted in Figure 12 and 

Figure 13 to assess the general trends in production of oil and gas. Both trends in oil and gas production 

(expressed as monthly average or total oil production volume within the PRAMP region) decreased over time, but 

the trends in oil production decreased more significantly than gas production (steeper slopes from linear 

regression). The drop in production of both oil and gas in early 2020 reflects the effect of the pandemic on the oil 

and gas extraction sector. Overall, production trends reflect the trends in related NPRI emissions of VOCs, TRS, 

H2S, and SO2 over the same period (2018-2020) and the trends in air quality. This report has not determined the 

extent to which reduced ambient air concentrations are a response to reduced production.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To address Directive 084 more directly, such as reduced vent gas associated with heavy oil and bitumen in the 

Peace River area, Figure 14 shows the average and total volumetric venting gas trends from crude oil, heavy oil, 

and bitumen batteries within the PRAMP region between January 2018 and August 2022. The average vented gas 

has been decreasing consistently since 2018 (by 0.0003 ± 0.0001 103 m3/month). For total vented gas, there was a 

Figure 12: Monthly trends in volumetric oil production in the PRAMP region  

Figure 13: Monthly trends in volumetric gas production in the PRAMP region  
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change in reporting beginning in January 2020 (e.g., gas used to drive a pneumatic device is now considered 

vented), and since that time total vented volumes have also decreased.  Both average and total metrics show 

statistically significant negative slopes since that time, implying that vented gas volumes have been decreasing in 

the PRAMP region over the past two years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.3 Correlation of Concentrations Among Stations 

Correlations of pollutant measured at the continuous stations within the PRAMP area were determined using the 

Pearson correlation coefficient r, which is a measure of covariance and ranges between -1 (strong negative 

correlation) to +1 (strong positive correlation); an r value of zero indicates no correlation. The correlation 

coefficients were determined for three periods of time when at least two stations have data measured over the 

same period and at the same temporal resolution, respectively 2012- 2021 (10 years and 2 stations), 2015-2021 (7 

years and 3 stations) and 2019-2021 (3 years and 4 stations). The correlation matrices corresponding to these 

three periods are plotted in Figure 15 to Figure 17. 

  

Figure 15 shows how the pollutants are correlated between the two Three Creeks stations (986 and 842). The 

Pearson r varied from +0.2 to +0.4, overall, suggesting that these stations are modestly related in space and time 

with respect to the pollutants they measure. The largest correlations (r = +0.4) were observed for THC and CH4, 

suggesting that these two stations may experience similar influences from hydrocarbon sources in their 

neighborhood.  

 

Figure 16 depicts correlation of pollutants between three stations but for a short period of time than in Figure 15. 

The r value ranged between +0.1 and +0.5, with the largest value corresponding to THC and CH4 likely because 

both are dominated by the ñglobal backgroundò of CH4 concentrations. The lowest values corresponded to SO2 and 

TRS. 

 

Figure 17 illustrates correlation of pollutants between all four stations but only for a period of 3 years. Pearson r 

varied between -0.003 to +0.78. The largest correlation (+0.78) was for NMHC at Three Creeks 986 vs. 842, followed 

by THC (+0.5). Pearson r values near zero were observed for SO2, TRS and NMHC (Cadotte Lake vs. any other 

station). The consistent correlations for all pollutants between the two Three Creeks stations (986 and 842) for any of 

Figure 14: Monthly trends in volumetric venting gas  in the PRAMP region  
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the analyzed time periods suggest that they measure relatively similar air, but the magnitude of correlation coefficients 

suggest that they experience some differences (wind direction or proximity to different emission sources) which may 

prevent them from being more strongly correlated. The Reno station is correlated to the Three Creeks station but 

weakly, while Cadotte Lake is not correlated to any station for any pollutant considered. 

 

Overall, the strongest correlations (r value of 0.78) were derived from the shortest dataset that included data from 

all the PRAMP stations and associated with NMHC and THC at Three Creeks stations (986 and 842), suggesting 

these stations might be marginally redundant but only with respect to hydrocarbons. The lower correlations with 

respect to other pollutants (TRS and SO2) do not support a reduction in the number of stations. 

 

 

Figure 15: Bi -variate  Pearson  Correlations for  Main Pollutants at the Three Creeks  Stations  
(2012-2021 data)  
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Figure 17: Bi -variate  Pearson  Correlations for  Main Pollutants at the Three Creeks,  Reno 
and Cadotte  Lake Stations (2019-2021 data) 

 

Figure 16: Bi -variate Pearson Correlations for Main Pollutants at the Three Creeks 
and Reno Stations (2015 -2021 data) 
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3.1.4 Summary 

Priority 1 was to establish whether the network can discern changes in measured concentrations with 

implementation of Directive 84. Implementation was effective September 2018; reductions could begin in 2018 for 

early adopters of the technical changes, and certainly beginning 2019. As a follow-up, the question can be asked 

as to whether the network should be modified if the pollutants targeted by Directive 84 showed significant reduction. 

 

The following analyses are important for determining the performance of the network to detect potential changes 

because of Directive 84: 

 

Â Changes of emissions with time in the PRAMP area: 

- Since 2018, emissions of all NPRI reported compounds, except PAHs, have decreased, 

consistent with the O&G industry downturn after 2014 and consistent with Directive 84 

implementation. This supports reduced monitoring for total VOCs, of which emissions are near 

zero when summed over all NPRI reports within the PRAMP boundary.  

- The NPRI data do not capture all emissions and Directive 84 covered only specific emission 

sources 

- Since 2018/2019, concentrations of TRS decrease at all stations except at Cadotte Lake. Over 

longer periods, the trend is different at 986 before and after 2015 due to different 

analytical/instrument settings such that TRS increased between 2010 and 2015 and generally 

decreased after. 

- Since 2018/2019, SO2 concentrations decreased at Three Creeks stations, slightly increased at 

Reno and were constant at Cadotte Lake. 

- Measured concentrations of THC and CH4 (at a ppm scale) showed no trend with time over the 

period of record and post Directive 84. 

- Throughout the monitoring period, and since 2018/2019, trends in concentrations of NMHC 

were variable depending on the time period and station.  

Á It is likely that low levels of VOC emissions from many facilities and well sites contribute to 

elevated concentrations 

Á Similar trends and concentrations generally exist at both Three Creeks stations, suggesting 

one could be redundant, notwithstanding the generally different trends at other monitoring 

sites. 

Â Volumetric oil and gas production trends in the PRAMP area suggest that oil and gas production decreased 

since January 2018 to August 2022, especially oil production. Reported emissions and measured 

concentrations also generally decreased during this period; no attempt has been made to determine the 

extent to which these trends in emissions are functions of reduced production.  

Â Time series of extreme concentrations of pollutants in the PRAMP network, and AAAQO compliance: 

- Since 2018, exceedances have been measured of the 10-ppb reference concentration for TRS 

at Cadotte Lake and Reno, suggesting an ongoing potential for occasional odour detection and 

an ongoing need for ambient monitoring of TRS. 

- 1-hour SO2 concentrations are much less than AAAQO suggesting continuous monitoring is 

not required. 

Â Correlations of pollutants among PRAMP stations for optimization purposes: 

- The strongest correlations were found between Three Creeks stations for NMHC (r = 0.78) and 

THC (r = 0.5) over the past 3 years, suggesting that the stations might be marginally redundant 

but only with respect to hydrocarbons. 

- Overall, the weak correlations do not support a reduction in the number of stations, based on 

correlations alone. 
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Â Canister-based VOC concentrations, when trigger thresholds are met, show maximum values in 2018, 

2019, and 2020 depending on the VOC and station. This pattern does not indicate a trend and doesnôt 

provide guidance for a reduction or increase in canister monitoring in future.   

 

The following analyses (results are presented in sections A2 and A3 of Appendix A) are considered to provide 

secondary levels of support for assessing network performance and should not drive decision making for changes 

to the network: 

 

Â Diurnal variations of pollutants in the PRAMP network: 

- Unique diurnal profiles exist for Cadotte Lake stations for TRS and NMHC 

- Considering all gases, the Three Creeks 986 station is potentially redundant 

Â Meteorological controls on pollutants in the PRAMP network (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). 

3.1.5 Recommendations 

Optimization of the PRAMP network may include reducing the number of the stations or parameters, relocation of 

stations, changing technology, etc. We recommend the following based on the Priority 1 analyses: 

 

Â Reducing the number of stations 

- The assessment weakly supports elimination of one of the Three Creeks stations with the 986 

being a potential candidate based on temporal trends, diurnal profiles and correlation. 

However, the support is too weak for this recommendation to be made. No changes in station 

numbers are suggested because of the analysis. 

Â Reducing the number of measured parameters 

- Continuously measured VOC or NMHC concentrations did not decrease with time, nor did 

canister data indicate reductions in concentrations of other investigated compounds over time 

as a response to Directive 84. These measurements should be maintained given non-

reportable sources in the PRAMP area. 

- Sulphur compounds:  

- SO2 concentration decreased over time. SO2 is a regionally relevant compound and 

elimination is not recommended. However, because values are low, a change to lower cost 

measurement technology should be considered (see below). 

- TRS concentrations are above thresholds at two stations; therefore, elimination is not 

recommended and no change in technology is recommended. 

- Meteorology: wind direction and speed are key parameters to be measured on a continuous 

basis. The data are generally site-specific and distinguish between different controls on 

concentrations (wind vs. emissions sources); therefore, we do not recommend elimination or 

reduction of wind parameters. 

- THC and CH4: Given constant concentrations over time and reductions in emissions, it is 

possible to remove one of these parameters from reports; however, both measurements 

support the NMHC measurements. No changes are recommended.  

Â Relocating stations 

- We do not recommend moving the stations unless there is a strong motivation for monitoring 

air quality in higher emission density areas. 
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Â Changing technology 

- Passive monitoring of SO2 should be considered given the decreasing trend in measured 

concentrations and the low values 

- Passive or gas-sensitive semiconductor technology for monitoring hydrocarbons or VOCs is 

also an option, provided the measurements continue to support the determination of NMHC 

concentrations which have not shown a decreasing trend with time. 

 

Overall, the timing of the implementation of Directive 84 appears to be correlated with a reduction in NPRI-reported 

emissions of TRS/H2S and VOCs in the PRAMP area. 

3.2 Priority  2 ï PRC and Mercer  Network  Expansion   

The key emerging issue is whether the addition of monitoring stations to the network can result in optimization of 

the network with no loss of information, where optimization could mean station relocation, station elimination or 

removal of some instruments at a station. The optimization applies to the new continuous stations as well as the 

PRC passive network. 

 

3.2.1 Integrate Peace River Complex Network 

3.2.1.1 Approach 

The work provides guidance on whether, after addition of the Canadian Natural PRC continuous station, 

optimization can occur. In these tasks, it was assumed that PRC station EPEA approval will require the station not 

to be eliminated; but it was assumed that other stations in the PRAMP network could be if the results supported this 

conclusion. The tasks involved were: 

 

Â Calculated and tabulated inter-station correlations based on hourly data (the PRC station with others) for all 

common pollutants.  

Â Documented the trend with time in annual concentrations at the PRC station, the concentration statistics, 

the diurnal trend, and the pollutant rose for all pollutants measured at PRC.   

Â Calculated and tabulated inter-site passive data in the PRC network for all pollutants measured. 

 

To assist in interpretation of the analysis, Figure 18 shows the location of the PRC continuous monitoring station 

and the passive SO2 and H2S network. 
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Figure 18: Location  of  PRC Continuous  Monitoring  Trailer  and Passive  Network  Sites  (in  
yellow)  (the star  marks  the location  of  the PRC facility ) 

 

3.2.1.2 Correlations of Pollutant Concentrations between PRC and Other Stations  

Figure 19 presents the correlation of hourly measurements at the PRC station with those at other stations in the 

PRAMP area. If hourly concentrations for all pollutants were highly correlated (absolute r greater than 0.75), one of 

the two stations in each compared pair was considered for rationalization. If some measurements were highly 

correlated, some instruments were considered for removal. The results indicated: 

 

Â NMHC. PRC is most strongly correlated with Station 986 (r = 0.72), and to a lesser extent 842 (r = 0.60) 

and Reno (r = 0.36)  

Â THC and CH4. PRC is less strongly correlated with other stations (correlation coefficient ranging from 0.16 

to 0.35)  

Â PRC measurements of TRS and SO2 are weakly correlated with those of other stations. 

 

The analysis also showed that PRC measurements are uncorrelated to Mercer measurements (r ranges from 0.02 

to 0.03).  
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Figure 20 presents time series of annual averages of all pollutants measured at PRAMP, PRC and Mercer stations. 

These trends with time are like the trends shown in Section 3.1.2 figures because Directive 084 applied also to the 

PRC facilities. Specifically, TRS concentrations at PRC have decreased since 2018, SO2 and NMHC have 

decreased generally throughout the monitoring period apart from 2019, and THC and CH4 are constant since 2013.  

 

Figure 21 shows PRC extreme concentration statistics (1-hour concentration time series) and documents 

exceedances of the 1-hour TRS threshold at PRC, suggesting an ongoing potential for occasional odour detection 

(in addition to the PRAMP stations Cadotte Lake & Reno). There are no exceedances of 1-hour SO2 (1-h AAAQO = 

172 ppb); in fact, maximum concentrations in the period of record reach about 10 ppb, suggesting continuous 

monitoring may not be needed at these stations. Methane measurements appear to reflect global background 

concentrations at all stations; there is no evidence of the station documenting upset emissions, although longer-

term low-level emissions would not be evident.   

 

Figure 22 shows the diurnal trend in TRS measurements at PRC. Diurnal variation may not the best differentiator 

among stations, as deviations (in TRS) are often similar. PRC data show (larger) standard deviations than other 

diurnal profiles in spring and summer, suggesting it is somewhat unique.   

 

Figure 23 shows wind and pollutant roses for TRS and NMHC. The monitoring station is about 1 km east of the 

plant. At PRC, the plant may not be the source of TRS as the highest concentrations are measured under SSW 

winds (the brightest yellow colouration), not west winds. Similarly, for NMHC, the highest concentrations are 

measured when winds are from the ENE and the nearest potential sources in that direction are well pads more than 

500 m distant. Meteorology is key to understanding the source and interpreting the information and the information 

provided is site specific. Because of the uniqueness of the application, no reduction in monitoring is recommended. 

 

  

Figure 19: Correlation  Among  Continuous  Measurements  ï PRC and Mercer  Stations  
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Figure 20: Annual  Concentration  Trends  at PRAMP, PRC and Mercer  Continuous  Stations  
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Figure 21: One-hour  Concentration  Measurements  in  the PRAMP area, including  PRC and 
Mercer  Stations  
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Figure 22: Mean Monthly  Diurnal  Variation  and its  Standard  Deviation  - TRS, 2019-2021 
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Figure 23: PRC Wind Rose (top left), 2019 -2021. Pollution Roses for TRS (top right) and NMHC 
(bottom)  

  

 
 

3.2.1.3 PRC Passive Network Results 

The PRC passive network is shown on Figure 18 indicating 12 sites (yellow locations) for passive sampling of SO2 

and H2S (monthly accumulated concentrations). The closest continuous air monitoring stations are PRC and Three 

Creeks 986 (TC986) and we expect similar meteorological conditions for the passive sites at these two sites as two 

passive sites (11 & 12) are within Ò 5 km from TC986 and the furthest passive sites are ~ 11 km from TC986. 

 

Correlation results (Figure 24) for H2S indicate the most correlated stations are 1, 2, 7 & 8 (r = 0.70 to 0.75) and 

the least correlated stations 10, 11, 12 & 13. For SO2, the most correlated stations are 1, 2, 7 & 3 (r = 0.71 to 0.78) 

while the least correlated stations are 11, 12, 13 & 14 (r = 0.20 to 0.43). As a minimum, the analysis suggests the 

highly correlated sites are candidates for optimization. 

 

Time series results are shown in Figure 25. The main observations are: 

 

Â SO2 remains well below the 30-day average AAAQO of 11 ppb, with recent maxima in the 1-2 ppb range 

Â Stations closer to PRC (1, 3, 4, 7) generally have higher concentrations and occasionally detect H2S and 

SO2 ñspikesò. These stations are generally E and S of the process area. The highest values appear to 

occur almost exclusively in summer. 
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Â H2S and SO2 ñspikesò at the same site do not necessarily occur in the same months 

Â The prevailing wind at the PRC station is from the SW and these winds are usually stronger than those 

from other directions.  

 

Figure 24: Correlation Results, PRC Passive Network  

 
 

Figure 25: Monthly  Time Series , PRC Passive  Netwo rk 
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3.2.2 Integrate Mercer Peace River Pulp Mill stations 

3.2.2.1 Approach 

The two Mercer stations (Mercer Town and Mercer Plant) provide continuous TRS and meteorological 

measurements only; one of these two stations also provides continuous monitoring of fine PM and SO2. The work 

provided guidance on whether, after addition of the stations, optimization could occur. In these tasks, it was 

assumed that PRC station EPEA approval will require the station not to be rationalized; but it is assumed that other 

stations in the PRAMP network could be. Therefore, the tasks were: 

 

Â Calculated and tabulated inter-station correlations (the two Mercer stations with others).  

Â Documented the trend with time in annual concentrations at the Mercer stations, the concentration 

statistics, the diurnal trend, and the pollutant rose for all pollutants measured at them.   

 

To assist in interpretation of the assessment, Figure 26 shows the location of the two Mercer continuous 

monitoring stations. 

 

Figure 26: Mercer Continuous Monitoring Stations, PRPD (left) and Town (right)  

  
 

3.2.2.2 Results 

Figure 18 provides the correlation results comparing hourly measurements at Mercer and PRAMP stations for 

pollutants measured in both networks. TRS is moderately correlated at the two Mercer stations, as expected given 

the common plant source, potential channeling in the river valley, and the distance between the two stations. SO2 

concentrations at the Mercer town site were weakly correlated with concentrations at PRAMP stations. 

 

The time series of annual averages of all pollutants measured at the Mercer stations (Figure 19) are not like the 

trends shown in Section 3.1.2 because Directive 084 does not apply to Mercer emissions. Concentrations of TRS 

and SO2 at the town station are unchanging over the monitoring period. At the plant site, TRS concentrations are 

also unchanging except for 2021 when they increased. Slightly higher TRS and SO2 baselines are noted at the 

Mercer stations compared to PRAMP stations over the same period (2017-2021), reflecting local sources from the 

plant. 

 

One-hour concentrations of TRS (Figure 20) occasionally exceed the threshold at Mercer (PRPD) station, with a 

peak near 100 ppb in 2021, suggesting an ongoing potential for occasional odour detection at this location. TRS 
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concentrations at the town site also occasionally exceed the threshold. There are no exceedances of 1-hour SO2 

(1-h AAAQO = 172 ppb); in fact, maximum concentrations in the period of record reach about 10 ppb, suggesting 

continuous monitoring may not be needed at Mercer, or an alternative approach to continuous monitoring could be 

investigated.  

 

Figure 22 shows the diurnal trend in Mercer PRPD and town measurements of TRS, both showing show (larger) 

deviations from other PRAMP station diurnal profiles in spring and summer. 

 

Figure 27 shows wind and pollutant roses at Mercer stations. Considering the monitoring locations in Figure 24 

and observed wind channelling in the valley, at both Mercer stations the PRDP appears to be the source of TRS as 

the monitoring station at PRPD is at the south end of the plant site (largest concentrations with N winds) and at the 

town the station is at the north side of the town (highest TRS concentrations under N winds). Again, meteorology is 

key to understanding the source location.  

 

Figure 27: Mercer Wind Rose (Town, top left and PRPD, top right) and TRS Pollution Roses 
(Town, bottom left and PRPD, bottom right), 2019 -2021 

  

  
 

3.2.3 Supporting Information 

Rambol and Novus (2018) modelled air quality Alberta-wide using CMAQ with a 4x4 km grid spacing based on 

emissions from 2012 to 2015. Model results in map format were examined to estimate the extent (radius of 
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influence) of PRC emissions on the modelled concentration field. This proved to be a challenge given the small 

scale of the maps which results in the smallest impact being within a grid cell 4 km wide. It is expected, and seen in 

the model output, only a few sources in PRAMP are evident and not well identified. For most plume models, the 

extent of spatial influence would be a few kilometres and this influence is less visible in a grid model such as 

CMAQ. Nonetheless, the following is noted: 

 

Â No grid cells have observable 1-h or annual average SO2 

Â A small number of grid cells near the town of Peace River showed at the lowest level for 1-h and annual 

NO2 

Â PM2.5 was observed at the lowest display level, but not associated with specific sources. 

 

The conclusion is the Rambol and Novus (2018) grid modelling is not helpful to support an assessment of the 

influence of PRC emissions on observations at the PRC continuous monitoring station or in the PRC passive 

network, nor was that the focus of the province-wide modelling exercise. 

 

To support recommended changes to the passive network, we compared the temporal trends in annual average 

SO2 and H2S concentrations from all 12 passive stations (Figure 28 and Figure 29) with similar trends derived for 

the PRC continuous station presented in Figure 20. The comparison supports trends in SO2 at all 12 passive 

stations are similar with the trends in SO2 at PRC station, with SO2 decreasing by 0.002 to 0.061 ppb/y. 

Concentrations of H2S both decreased (at stations 4, 9, 10, 12, 13 and 14) and increased (at stations 1, 2, 3, 7, 8 

and 11), while the trend in TRS (which is mostly H2S) at PRC station slightly increased. Passive stations closer to 

the PRC station show similar increasing trend in H2S, with slopes ranging from 0.0004 to 0.015 ppb/y. Note that 

passives stations have data beginning 2010, while PRC station has data from 2013. For the overlapping period 

(2013-2018), some stations (1, 2, 3, 4, 7, and 10) suggest that SO2 also increased slightly, while other stations (8, 9 

and 11-14) suggest that SO2 decreased. Trends in H2S over 2013-2018 are not affected when years 2010-2012 are 

removed from the linear regression.   

 

Figure 28: Linear trends in annual average SO 2 measured at 12 passive stations near PRC  
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3.2.4 Priority 2 Summary and Recommendations 

The key emerging issue is whether the addition of monitoring stations to the network can result in optimization of 

the network with no loss of information, where optimization could mean station relocation, station elimination or 

removal of some instruments at a station. The optimization applies to the new continuous stations as well as the 

PRC passive network. 

 

The assessment showed: 

 

Â PRC and Mercer (PRPD) stations are unlike the core PRAMP stations in that they are adjacent to facilities 

with specific monitoring needs, and act as compliance stations rather than measuring general airshed air 

quality. 

Â Long-term trends at PRC and Mercer stations follow those of PRAMP stations over the same period 

showing 

- Increasing TRS (but decreasing at PRC since 2018) 

- Decreasing SO2 

- NMHC, THC, CH4 variable but relatively constant 

Â Time series of extreme concentrations and AAAQO compliance  

- Historical and recent exceedances of 1-hour TRS threshold at PRC and Mercer PRPD, 

suggesting an ongoing potential for occasional odour detection 

- 1-hour SO2 concentrations are much less than AAAQOs, suggesting that monitoring 

technology could be changed to passive or lower-cost semiconductor approaches 

Figure 29: Linear trends in annual average H 2S measured at 12 passive stations near PRC  
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Â The correlation analysis for PRC and Mercer stations indicates that elimination of sites and monitored 

parameters is not supported. Poor or low correlations indicates stations provide independent data that 

cannot be replaced (in an interpretive sense) by data from other stations. 

- PRC is correlated with some PRAMP stations for NMHC, and is poorly correlated for THC, CH4 

and TRS 

- Mercer stations are poorly correlated with other PRAMP stations  

- PRC and Mercer TRS are uncorrelated with each other 

Â Diurnal variations of pollutants (e.g., TRS) presented unique profiles at PRC and Mercer PRPD stations 

that provided no basis to eliminate measurements 

Â At all three sites, meteorology is key to understanding the source and interpreting the information. Because 

of the uniqueness of each site, no reduction in meteorological monitoring is recommended.  

Â PRC passive network 

- SO2 measurements well below AAAQO (this observation is supported by the continuous data), 

with the highest values at the closest sites to the plant 

- Is there continued value in this network? Options: 

Å No changes 

Å Reduce the number of high-density sites, near-plant sites 1-10 

Å Redeploy H2S network to include well sites 

Å Eliminate passives altogether, as the PRC station includes continuous SO2 and TRS 

Â Overall, and apart from the passive network, there appears to be no basis for optimizing the continuous 

stations. 

 

3.3 Priority  3 ï Emerging  Issues  

3.3.1 Tier 3 Emerging Issues 

The tasks to evaluate monitoring in adjacent data-deficient areas were: 

 

Â Access emission data for high emission sources adjacent to PRAMP boundaries in all directions 

Â Consider wind and pollution roses near the adjacent sources, which will also provide an indication of the 

potential for transboundary plume movement 

Â If the sources are sufficiently large, spatial analysis may be employed for quantifying the point density 

Â If sources are not large or not near the PRAMP boundary, the assessment will include the density of oil and 

gas wells as a screening indicator of fugitive emission potential. 

 

To evaluate new technologies, the tasks were to: 

 

Â Identify the air quality parameters of most interest 

Â Review U.S. EPA, Environment Canada, and other data comparisons 

Â Consider AEP guidance on new technology 

Â Provide guidance on use of new sensors. 
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3.3.2 Results of Tier 3 Evaluation 

3.3.2.1 Monitoring in Adjacent Data-Deficient Areas 

One of the primary monitoring objectives of PRAMP is to provide information related to the spatial distribution of 

contaminants of concern in the region. Figure 30 shows the current monitoring locations (including Cadotte Lake) 

in relation to oil and gas well location and well density (number of wells per unit area). Figure 31 shows the 

locations with respect to facilities reporting to the NPRI. Facilities that report to NPRI are generally located in the 

highest well density areas as well as specific sources such as PRC and Mercer PRPD. 

 

Figure 30: Well Locations (left) and Well Density (right) as Aids to Identify Monitoring Gaps  
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Figure 31: Facilities Reporting to NPRI , to Aid  Identif ication of  Monitoring Gaps  

 
 

The two figures provide the following information on potential monitoring gaps: 

 

Â Several locations, notably the Walrus area, have facilities recently reporting to the NPRI in a high well-

density area that are not near current PRAMP monitoring locations. 

Â There are no large NPRI-reporting sources or high-density well regions outside the PRAMP area within 50 

km in any direction that could affect air quality to a degree that might require additional PRAMP monitoring. 

This holds for all directions from which wind might blow frequently according to the wind roses in Figure 

32. 

Â There are no locations outside the PRAMP boundary to which emissions from facilities within the PRAMP 

area would blow that require additional monitoring. This is based on the small number of facilities recently 

reporting to the NPRI near the PRAMP boundary, with consideration of the wind roses. 
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Figure 32: Wind Roses at PRAMP Stations  

  

  
 

 

Over the years shown in Figure 31, facilities within the PRAMP boundary have reported the following pollutants to 

NPRI: SO2, TRS, H2S, HCl, H2SO4, CO, As, Cd, Co, Pb, Mn, Hg, Se, Zn, NH3, CrVI,  dioxins and furans, PM10, 

PM2.5, NOx, etc. PRAMP does not monitor the full range of these pollutants. The most likely reason is that the 

emissions are sufficiently small that facility approvals do not require monitoring. 

 

Further details on facilities reporting specific pollutant emissions to NPRI are shown in Figure 33 and Figure 34, 

overlaid onto the well density for context. Reporting years are from 2002-2020, with the emission scaled by the size 

of the red symbol. These figures show: 

 

Â The largest SO2 sources are the Mercer mill, with a local continuous station nearby and PRC, also with an 

associated monitoring station. Few other facilities report SO2 emissions in the region and from an emission 

perspective, there are no monitoring gaps.  

Â Similar emission patterns exist for H2S and TRS, with H2S continuously monitored at PRC and TRS 

measured at both sites. From an emission perspective, there are no monitoring gaps. The pattern of 

emissions is similar for NOx and CO. 

Â A similar pattern also exists for PM2.5, although historical emissions east of Walrus were higher than PRC. 
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Â VOC emissions are shown only for the years 2018-2020, as these are post-Directive 84 and most likely to 

be influenced by it. Mercer mill emissions are largest within the area, followed by a source well outside the 

PRAMP boundary, and then PRC. 

 

Figure 33: Facilities Reporting to NPRI for SO 2 (upper left), H 2S/TRS (upper right), VOCs (lower 
left) and PM 2.5 (lower right)  

  

  
 
































































