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Project Overview
• 3.1.1 AER Approval Conditions
• 3.1.2   Timeline and deliverables for monitoring plan



3.1.1 AER Approval Conditions
The Acid Deposition Monitoring Program proposal shall include, at a minimum, all of the following:
• for air:

• a plan to monitor dry and wet deposition from project activities;
• for soil:

• identification of soils that are sensitive to acid deposition and will likely receive aerial deposition inputs from 
project activities;

• a plan to monitor soil quality at locations representative of the soils identified in above;
• a description of how soil quality data collected under this program will be used to determine potential 

acidification effects under periods of increased sulphur dioxide emissions;
• for water:

• a summary of existing water quality data collected to date and analysis of the results;
• a plan to monitor water quality for water bodies which will likely receive aerial deposition inputs from project 

activities;
• identification of local water bodies that are sensitive to acidification;
• a description of how water quality data collected under this program will be used to determine potential 

acidification effects under periods of increased SO2 emissions; 
• a plan to develop triggers for further enhanced surface water quality monitoring to determine impacts of 

aerial deposition inputs; 
• reporting schedule for monitoring activities conducted above



3.1.2   Timeline and deliverables for monitoring plan

• Phase 1:  December 31, 2021



Review Information, Data, and Other Input Sources for Monitoring Plan Development

• 3.2.1   Alberta Acid Deposition Management Framework
• 3.2.2   Oil Sands Monitoring (OSM) Environmental Effects Monitoring (EEM)
• 3.2.3 Past studies on acidification in the Cold Lake oil sands region
• 3.2.4 Regional acid deposition modelling studies
• 3.2.5 Acid deposition monitoring in the Athabasca oil sands region
• 3.2.6 Regional soil acidification monitoring results overview
• 3.2.7 Approaches to surface water acidification monitoring site selection 



3.2.1 Alberta Acid Deposition Management 
Framework (ADMF) - 2021 Draft

• Critical Load
• A quantitative estimate of an exposure to one or 

more pollutants below which significant harmful 
effects on specified sensitive elements of the 
environment do not occur according to present 
knowledge (Nilsson & Grennfelt, 1988).

• Acid Deposition Management Levels
• A tiered monitoring, target and critical load acid 

deposition management approach was used in 
the 2008 ADMF. 

• It is being replaced with a new management 
approach that will provide an early warning of 
potential areas “at risk” to long-term 
acidification. 

• The new approach also provides guidance to 
manage and reduce, where necessary, acidifying 
emissions adversely affecting the identified areas.



3.2.1 Alberta Acid Deposition Management 
Framework (ADMF) - 2021 Draft

• Critical Load Maps
• The critical load is based on 

the soil properties of the 
ecosystems within each grid 
cell on the maps. Sensitivity 
in each grid cell is indicated 
by the magnitude of the 
critical loads – the lower the 
critical load, the greater the 
sensitivity of the grid cell. 



3.2.2Oil Sands Monitoring (OSM) Environmental 
Effects Monitoring (EEM)

Phase Name Description

Tier 0 Project Planning and Engineering Design Design monitoring program and establish triggers.

Tier 1 Baseline Baseline monitoring period 

Tier 2 Surveillance/minimal Core monitoring (regular/reduced cycle)

Tier 3 Confirmation Model validation.  Deposition as expected?

Tier 4 Investigation of cause Is change emissions/deposition related?

Tier 5 Focused study Investigate magnitude and extent.

Tier 6 Investigation of solutions Potential solution known?





Ambient Surveillance Monitoring

Continuous Ambient Air (i.e., AMS network)
Integrated/Semi-continuous Ambient Air (e.g., 
PM, VOCs, PAHs)

GEM-MACH

Forest Health Monitoring
Passive Air Samplers
Ion Exchange Resins
Denuder/Filter Packs
Remote Ozone
Lichen Sampling
Meteorological Towers

Snowpack Samples

PACs 
Passives

Effects Surveillance Monitoring

Air Quality Thresholds and Metrics (e.g., 
AAAQOs, CAAQS, LAR AQMF, AQHI, FMAQI)

Critical Loads of Acidification

Wetlands bog/fen effects monitoring

Surface Water lakes monitoring

Aquatic Ecosystem Health and REPS

Terrestrial Biological amphibian effects 
monitoring

Forest Health effects monitoring

Emissions, 
Transformation, 
and Fate Data

Legend

A-LTM-S-1 (Ambient Air Network)

A-PD-4 (Emissions, Transformation, and Fate)

A-PD-6 (Deposition)

Other TACs

Community Odour Monitoring Program

Tools for Investigation of Cause and 
Cumulative Effects Assessment

GEM-MACH (or other modelling)

Source Apportionment Analysis 
(e.g., integrated ambient, lichen, 

snowpack, PACs passives)

Monitoring Activities in an EEM Framework (with existing linkages)

Notes:
• Some activities in A-LTM-S-1 and A-PD-6 are listed in 

EPEA Approval Clauses
• Some activities in A-LTM-S-1 are needed for CAAQS 

and LAR AQMF reporting
• Source surveillance activities are complementary (e.g., 

wetlands effects monitoring require both GEM-MACH 
and deposition monitoring data)Human Health Assays

Geospatial work plan (deposition maps)



3.2.3 Past studies on acidification in the Cold 
Lake oil sands region

Exploratory Study Of Potential Acidification 
Impacts on Soils and Surface Water Within the 
LICA Area (2007)
• This study had three main components:

• The potential effects of emissions of oxides of 
nitrogen (NOX) and sulphur dioxide (SO2) on acid 
deposition in the LICA region.  This included an 
estimation of potential acid input (PAI)

• The assessment of surface water sensitivity to 
acidification and analysis in relation to potential acid 
input levels. 

• A soils component assesses soil sensitivity in relation 
to PAI estimates



Potential Acid Input Estimate Surface Water Sensitivity Soil Sensitivity 

Exploratory Study Of Potential Acidification Impacts on Soils and Surface Water 
Within the LICA Area (2007)



3.2.4 Regional acid deposition modelling studies

“Estimates of exceedances of critical loads for 
acidifying deposition in Alberta and 
Saskatchewan”
• In 2018, a Environment and Climate Change Canada (ECCC) -

led paper was published regarding modelling acid deposition 
in the Oil Sands Region using GEM-MACH model

• The data used in the model runs are for the 2013 emissions 
year which was the most complete data set available at the 
time

• As part of this year’s OSM workplans, ECCC is repeating the 
simulations, with an upgraded version of the model and a 
more recent dataset



Selected model outputs 
and predictions
• Predicted forest 

ecosystem critical load 
exceedances with respect 
to acidity

• Predicted aquatic 
ecosystem critical load 
exceedances with respect 
to sulfur and nitrogen 
deposition

• Predicted terrestrial 
ecosystem critical load 
exceedances with respect 
to sulfur and nitrogen



3.2.5 Acid deposition monitoring in the Athabasca oil 
sands region

“Ambient concentrations and total 
deposition of inorganic sulfur, inorganic 
nitrogen and base cations in the Athabasca 
Oil Sands Region”
• A region-wide passive sampling network was 

established in 1998–99 to monitor above-canopy 
concentrations of SO2, NO2, O3, HNO3 and NH3 at 
Forest Health Monitoring (FHM) sites.

• A second network was established in 2008 to 
measure bulk and throughfall deposition of 
inorganic acids and base cations at FHM sites 

• A third network was established in 2013–17 to 
measure above canopy concentrations of gases and 
PM2.5 composition at several solar-powered FHM 
sites. 

• Together, these networks provide a dense array of 
measurements for examining patterns and trends 
of deposition and air quality.



3.2.6 Regional soil acidification 
monitoring results overview

“LICA Long Term Soil Acidification Monitoring –
Synthesis Of Three Sampling Events – 2000 To 2020”
• LICA initiated soil acidification monitoring in 2010 by 

establishment of three long-term soil sampling plots 
within the LICA area

• Moose Lake Provincial Park in 2010
• Whitney Lakes Provincial Park in 2011
• Crown Land near Tucker Lake in 2012 

• Soil sampling is being carried out at these plots every 
four years in a staggered manner (one site per year). 

• A fourth site, located near the west shore of Cold Lake 
and operated by Alberta Environment, was added to 
the LICA sites in the analysis of monitoring results to 
date. 



Summary of Results
• Some indications of acidification among the LICA sites 

were found mainly for Tucker Lake (C) and Moose Lake (A)
sites. No indications were found for Whitney Lakes (B) site. 

• Overall, interpretations are challenging with results from 
just three monitoring events at the LICA sites to date.  

• After eight monitoring events, the LTSAM Cold Lake (D) site 
showed acidification trends since initiation of monitoring 
in 1982.

• Measurements of pHc provide the strongest evidence for 
acidification, supported to some extent by total sulphur 
measures.

• Currently, in discussion with ECCC on how these 
monitoring data can be used in GEM-MACH modeling 



3.2.7 Approaches to surface water acidification 
monitoring site selection (novel)

“Dissolved Organic Carbon in Lakes of 
the Athabasca Oil Sands Region: Is 
Color an Indicator of Acid Sensitivity?
• Surface-water data from 50 lakes were 

analyzed in Athabasca Oil Sands 
Region. 

• Variables known to be associated with 
the light-absorptive properties were 
evaluated in the context of lake 
acidification and buffering capacity. 



Identify Other Sources

• 3.3.1 Round table on other considerations, information, and data sources



Next Steps and Proposed Approach for Monitoring Plan Development

• 3.4.1 Identification of data and information gaps
• 3.4.2 Desktop overlay of input sources: site selection screening
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