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Executive Summary
Since inception, PTAC Petroleum Technology Alliance Canada has operated under the mandate to
facilitate innovation, collaborative research and technology development, demonstration, and
deployment for a responsible Canadian hydrocarbon energy industry. PTAC has thus followed this
mandate by running its activities in the four following technology areas: Improving Oil and Gas
Recovery; Reducing Capital, Operating, and G&A Costs; Improving Value Added Products; and Managing
Environmental Impacts. In total, PTAC has launched over 460 projects since 1996, all of which fall under
the four categories listed above. More specifically, under the Management of Environmental Impacts
project area, two noteworthy programs were launched, the Alberta Upstream Petroleum Research Fund
(AUPRF) Program, of which 274 successful projects have been launched to date, and the Technology for
Emissions Reduction and Eco-Efficiency (TEREE) Program. Within this report, a brief description of both
the AUPRF and TEREE programs is provided, expanding on the results of these programs over the past
decades, and outlining other PTAC projects conducted under the remaining technology areas. It should
be noted that the results of several projects are confidential in nature, due to either active
confidentiality periods in contractual obligations, or indefinite confidentiality.

Alberta Upstream Petroleum Research Fund (AUPRF) Program
Since the launch of AUPRF in 2001, 274 projects have been launched, of which 252 have been
completed at year-end 2013, and 21 are currently in progress. AUPRF projects are launched under four
committees; Air, Ecological, Soil and Groundwater, and Water, each resulting in significant cost savings,
reduction of industry’s environmental footprint, development of smart policies, regulations, and best
practices for prudent industry exploration, as well as operations, abandonment, and reclamation
activities. Ultimately, the program has largely contributed to positioning Alberta as having a world class
regulatory system.
A. Benefits to the Government
The results of this research program provide an important scientific foundation for government to build
upon policy and regulations. More specifically, the benefits of each project to the Government of
Alberta are presented in the Appendix on page 172 of the attached report from Sabz Consulting.
Samples of benefits include:


Allowing the Alberta Energy Regulator (AER) to make informed decisions while developing 60
directive regulations.
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Providing scientific based information to inform stakeholders on the effects of hydraulic
fracturing in today’s industrial climate.



Providing a source of scientific information that can help the AER understand the environmental
effects of energy development.



Proactively identifying issues and solutions long before all stakeholders have to deal with these
issues in a reactive mode.

B. Benefits to the Industry
The benefits of each project to the oil and gas industry are again presented in the Appendix on the
attached report. Samples of benefits include:


Four of the 72 Air projects assessed by the AUPRF industry committee are expected to reduce
industry costs in the range of $1.7-$3.4M per year.



Industry savings from Soil projects alone, have paid for the entire AUPRF program since
commencement, and are currently reducing site remediation costs at as much as $24M per year.



Increased flexibility in setback distances established by the AER.



Development of water management plans as well as the development of tools to enhance water
sourcing by industry and regulators for hydraulic fracturing in West Central Alberta.



Allowed industry to proactively identify and address air emissions related issues and develop a
new technology to reduce cost and GHG emissions, which if not identified, would have had the
potential to have led to restrictions on licenses to operate.



Additionally, social license benefits are evident in numerous projects, which represent industry
as a progressive leader in the application of ecological knowledge, with the goal of recovering
ecological health and function.

While the results of the program have contributed to the overall reduction of environmental impacts
and operating costs, it has also allowed industry to maintain its social license to operate, provide
technologies for ease of operations, build trust among diverse stakeholders, eliminate confrontation and
unnecessary hearings, and achieve an overall more balanced ecosystem for conventional and
unconventional oil and gas development.
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Technology for Emissions Reduction and Eco-Efficiency (TEREE) Program
Since 2003, a total of 28 projects were funded through the Technology for Emissions Reduction and EcoEfficiency (TEREE) Program. As it currently stands, 25 projects, launched under the TEREE program have
been completed thus far.
Out of these 28 TEREE projects, 4 have been basic research projects aimed at understanding the future
path of research and technology development, and were in turn, extremely successful in leading to
technology development and benchmark projects. The remaining TEREE projects have dealt directly
with new techniques, technologies, and improvements to current procedures, all of which have led to
the successful implementation of new methods by industry.
In summary, TEREE projects have made a significant contribution industry through the transfer of
technologies used globally in the oil and gas industry, specifically in consideration of emissions reduction
and energy efficiency. These project efforts are an imperative element of the R&D currently taking place
within the oil and gas industry, fundamentally working to reduce environmental impact, improve
performance, and establish the sustainable development of the hydrocarbon industry.
Some of the major outcomes of several of PTAC’s TEREE projects can be reviewed in the table below:
Project name

Achievement

Fire Tube Immersion Heater Optimization

Technology has been accepted by the industry

Spectrasyne-Optical Measurement Technology
Summary of Emission Reduction Opportunity
Areas in Upstream Oil and Gas Industry

Technology has been accepted by the industry

Conventional Heavy Oil R&D Needs Including GHG
Intensity Reduction

Set direction for PTAC

Zero Emissions Wellsite – BP Canada Validation of
Sun Pumper versus Tex Steam Units

Technology has been accepted by the industry

Airdar Phase I

Start-up grew and concept proved

Generation of Electric Power from Waste Heat in
the Western Canadian Oil and Gas Industry

Set direction for PTAC

Fixed Orifice Steam Traps

Technology has been accepted by the industry

Air Fuel Ratio Controller for Low Horsepower
Engines

Technology has been accepted by the industry

REMVue Slipstream

Technology has been accepted by the industry
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Brief description of Other PTAC projects excluding TEREE and AUPRF
1. Hot Water Vapor Project – Hot Water Vapour Process Project (HWVP): PTAC completed the Hot
Water Vapour Process at year end 2013. The purpose of the HWVP project was to develop a
new technology to reduce greenhouse gas (GHG) intensity, while improving recovery from
conventional and non-conventional resources. HWVP will result in lower GHG emissions, and
minimizes both water usage and land impact compared to alternative EOR approaches for heavy
oil resources in Alberta and Saskatchewan. The successful commercialization of a new heavy oil
EOR technology could potentially open the door for adapting the same technology to oil sands.
Husky Oil has carried on with testing following project completion. While it is too early for
conclusive results, the HWVP technology could have the potential of increasing oil production
from declining cold heavy oil well, and provide significant value to producers and governments.
The final report has been provided to ADOE and is still under its 18 month confidentiality period.
2. Shallow Gas Pump Consortium – The purpose of the project is for pump entrepreneurs and
shallow gas producers to collaborate in leveraging intellectual expertise and financial resources
with engineering R&D technology experts to create standards of bench/lab testing, field testing,
and information sharing in a balanced risk environment, to advance technology which results in
low-cost reliable pumps for shallow gas wells. New pumping technology for shallow well
dewatering will improve the recovery from existing reservoirs and reduce costs. Four successful
technology demonstrations in total were completed at CFER facilities. The final report has been
provided to ADOE and is still under its 18 month confidentiality period.
3. Airborne mapping – a new exploration tool for hydrocarbon discovery that can be used to map
the growth of steam chamber
4. Well abandonment using Eutectic Salt- The purpose of this project is to validate the
performance of a new eutectic salts technology for a well abandonment method with improved
integrity and potentially lower cost that the existing method based on cement. The improved
integrity will result in lower fugitive emissions of methane gas from leaking wells. This new
technology is based on forming a plug with eutectic salts rather than cement. The advantage of
eutectic salts is that their volume expands slightly upon setting, while cement shrinks slightly
over time. This volume expansion makes for a tighter seal and an abandonment method with
better integrity. This project is ongoing.
5. Ultra-light Weight Proppant – The purpose of the ULWP Project is to improve the economic
performance of wells through the application of Ultra Lightweight Proppant fracturing
techniques. Benefits of this project include: improved production rates of hydrocarbons and
water, less damage to fracture and reservoir, and less environmental impact. This new proppant
will provide producers with higher hydrocarbon production and better fracture geometry. Four
field trials were performed by participating companies during 2012. In 2013, work progressed as
the results of the 2012 field trials were analyzed with support from a major reservoir
engineering firm. The analysis allowed participants to learn how to maximize performance and
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value. As a result, additional trials are being discussed to demonstrate the optimum
embodiment of the technology. This project is ongoing.
6. CO2 Purity project – The Alberta CO₂ Purity Project (Phases 1 & 2): PTAC, in partnership with
Integrated CO2 Network (ICO2N) and 20 project participants, completed Phase 1 of the Alberta
CO2 Purity Project in early 2013, and shortly after began Phase 2 of the study. The objective of
this project was to assess how the presence of impurities affects an integrated CCS system. This
project was a first-of-its-kind assessment of CO2 purity that integrates the perspectives of
capture, the pipeline sector, enhanced oil recovery markets, and sequestration. The project also
developed a detailed techno-economic model that can analyze system scenarios to determine
the effects of impurities and optimize purity levels across an integrated CCS infrastructure. This
work will enable the establishment of purity recommendations that could be utilized by
regulators, academia and industry globally. The final report can be found at
http://www.ptac.org/projects/50 . DEEPP – Development of a Cloud database for the
management, validation and registration of energy efficiency assets and for CO2 offset credits.
7. Zero Emissions Wellsite – Demonstration of new technology by Trido Industries for eliminating
emissions at remote wellsites.
8. PEMA 1 – Study of the potential for emissions reductions in conventional oil and gas.
9. Geospatial Visualization – Development of hardware and software to view, analyze and
collaborate with geospatial information
10. Mapping Unconventional Resources – Unconventional petroleum technologies are innovative
and have resulted in significant production growth in North America. They present both
opportunities and challenges for regional development such as understanding resource recovery
potential, and access to technologies particularly for small operating, producing, and service
companies. In addition it is imperative to mitigate environmental impact especially water
protection, and maximizing regional benefits. The purpose of this Project is to identify
opportunities for regional businesses and communities from unconventional oil and gas
activities in the tight oil plays in Alberta. The objectives of the Project are: To map resource
potential, current activity, challenges and opportunities arising from the deployment of
unconventional oil and gas technologies related to major tight oil plays; To realize a positive
impact on the regions, communities and Alberta companies by identifying opportunities for
supply chain development, for access to new technologies, for reduction of environmental
impact and for resource recovery improvements; To provide a template for mapping
unconventional oil and gas resources and technology opportunities in other plays in Alberta.
This project is ongoing.
11. Hydraulic Fracturing Practices – Study of the existing and emerging practices and technologies
for hydraulic fracturing in Alberta.
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12. Artificial Reservoir – Phase 1 of the Artificial Reservoir project was completed in early 2013, with
an overall objective to carry out an engineering study which determines the value and cost of a
physical model facility for heavy oil and bitumen recovery technologies with substantially better
scale up performance than existing models. An artificial reservoir, may offer substantially better
performance than existing models, may reduce the cost and would accelerate the pace of
technology development, for the benefit of industry and governments. Cost data indicate that
larger models than those currently in use may be prohibitively expensive. New approaches to
design are required to build and operate practical field-scale models. Knowledge gained through
this project via the construction and operation of intermediate 2D field-scale models and fieldelement models can provide a useful bridge to the new generation field-scale models. The
Steering Committee is reviewing options for phase 2 of the project, consisting of a potential
workshop and student-led competition. The final report is not yet available online, but will be
provided to ADOE by PTAC.
13. Innovative Application of Electricity – The objective of the project was to determine innovative
application of electricity for sustainable development of oil sands and evaluate the full life cycle
of energy efficiency and GHG impacts. In SAGD projects, steam is usually generated by burning
natural gas in Once Through Steam Generators (OTSG) at high pressure. This process results in
significant GHG emissions. Nuclear power plants can provide steam and reduce GHG emissions.
However, the transportation of steam is limited to around 15 km and hence only small New
Generation Nuclear Power Plants (NGNP) can be used to provide steam. The cost per unit
output of energy from NGNP is significantly higher than that of large water cooled nuclear
reactors. Furthermore, the approval process could be significantly shorter for water cooled
nuclear reactors that are already licnesed in Canada. The advantage of using electricity in SAGD
projects is that electricity can easily be transported over a long distance to generate steam; it
can be provided by large nuclear power plants, thereby reducing cost of electricity while
reducing GHG emissions. http://www.ptac.org/projects/61
14. Alternative Energy Solutions – Study of alternative sources of energy for the oil sands, such as
nuclear energy.
15. Pipeline Innovation Roadmap – Roadmap for technology innovation in pipelines, particularly for
leak detection, integrity management and spill cleanup and remediation.
16. Pipeline Abandonment: Corrosion and Collapse of Abandoned Pipelines – Study and computer
modeling of the corrosion and collapse mechanisms in abandoned pipelines.
17. Pipeline Abandonment: Effect of Frost Heave on Abandoned Pipelines – Study of the potential
for frost heave to expose abandoned pipelines in Canadian farmland
18. Pipeline Abandonment: Cleaning and Testing Methods for Contaminants in Abandoned Pipelines
– Study of the potential contaminants in abandoned pipelines, as well as the methods for
cleaning and testing.
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19. Pipeline Abandonment: Decomposition Products from the Coatings of Abandoned Pipelines –
Study of the potential products from the decomposition of coatings that could contaminate
groundwater.
20. Low Cost InSAR – The purpose is to identify ways to reduce the cost of InSAR, a remote sensing
tool, for monitoring SAGD steam chambers. If cost reduction opportunities based on new
technology are identified, an implementation project may follow. InSAR is a technology that has
been shown to be effective for SAGD steam chamber monitoring. However, it is expensive. The
project would retain a specialist consultant by a Request for Proposals who would study ways to
reduce costs by tailoring an InSAR service specifically to steam chamber monitoring. Approaches
that would be investigated to reduce cost include: Density of corner reflectors; Use of noncritical service from satellite radar providers; Anticipated lower cost of data from future satellite
launches; Optimum use of frequency bands and other features. This project is ongoing.
21. Vacuum Insulated Tubing – In SAGD, ~100% quality steam is injected through an injector string.
Bare tubing is used, resulting in heat losses from the wellhead to the heel of the well. Therefore,
less than 100% quality steam is delivered to the horizontal section. Vacuum Insulated Tubing
(VIT) could replace the bare tubing and significantly reduce heat losses, resulting in higher
quality steam and reduced GHG emissions. SAGD operators have experimented with VIT in
recent years but adoption is uneven. This is due, in part, to the difficulty of precisely assessing
the energy efficiency and economic benefits of VIT vs. bare tubing. Past computer modeling
efforts have used basic simulation packages and simplistic geometries. This project will use the
sophisticated ANSYS CFD simulator to model eccentric and concentric 3D geometries, to
estimate the value during start-up and to evaluate the cost-benefits of different qualities of VIT
products. The outcome will be a realistic assessment of the economic and environmental
benefits of the technology which will lead to more widespread implementation and realization
of the economic and environmental benefits. This project is ongoing.
22. Methane Venting Reductions – The topic has been studied previously, particularly by PTAC
under the TEREE program between 2004 and 2007. Methane venting is also strictly regulated in
Alberta (Directive 60) and in Saskatchewan (S10). The Alberta ST-60B report provides detailed
venting statistics and has shown that venting levels after declining and plateauing, increased by
more than 20% from 2011 to 2013. In Alberta, 80% of vented volumes are related to cold heavy
oil production. The objective of this study is to understand the applicability, operability, cost and
potential for technologies to reduce methane venting and tank odours at cold heavy oil wells
and well pads. The 5 major project activities are: Technology applicability: understanding the
practical and economic application envelope for each technology for different types of well
situations; Operability: operations advantages and disadvantages of each technology under
different operating and seasonal conditions; Conceptual costs: capital costs (purchase,
installation and commissioning), operating costs, for common well configurations and sizes, and
in terms of venting avoidance cost efficiency; GHG Emissions: understanding the potential of
each technology for reducing GHG emissions. The validation of the potential to turn these GHG
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emission reductions into GHG Offset Credits under one or more of the Alberta Carbon Offset
Protocols would be the subject of a possible future study. This project is ongoing.
23. SME Innovation – Support to SMEs for technology development and the launch of
demonstration projects.
24. FTC – Collaborative research in froth treatment of oil sands
25. BPFRG – Collaborative research in bitumen production fundamentals
26. Creating More Value from Asphaltenes – Worldwide search for new technologies for adding
value to asphaltenes.
27. CBTAP – Clean Bitumen Technology Action Plan: CBTAP was launched to ensure that, through
collaboration, the following challenges will be transformed into opportunities:


Developing Technologies: To accelerate the collaborative development and deployment
of a slate of transformative technologies to the industry.
 Facilitating Innovation: To facilitate, align and coordinate existing and future technology
initiatives.
 Sense of Urgency: To focus stakeholders on proactively developing and deploying new
technologies as solutions to important and urgent issues.
CBTAP is an ongoing technology action plan, and more information can be found at
http://www.ptac.org/networks/cbtap?page=overview.
28. REMTAP – REMTAP is a collaborative project which demonstrates and deploys technologies that
will mitigate emissions management challenges currently faced by industry. The scope
of REMTAP is to find technology solutions. REMTAP adds value by providing a framework for
multiple organizations to jointly and effectively execute technology projects, thereby avoiding
duplication and leveraging scarce resources. The focus of REMTAP is to take technologies
proven at the bench scale or used in other industries and demonstrate them for petroleum
applications in realistic field conditions. REMTAP aims to make a real difference to existing
challenges by investing in technologies that could be deployed at the present time in current
economic and regulatory conditions. REMTAP is an ongoing technology action plan, and more
information can be found at http://www.ptac.org/networks/remtap?page=overview.

29. Geomatics Workplan – Collaboration to launch new geomatics and remote sensing projects.
30. NAMA – Collaboration with the UN for emissions reduction projects in Columbia and Mexico.
31. Phoenix – Collaboration to develop oil sands projects.
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Evaluation of AUPRF Projects

Prepared for PTAC

Sabz Consulting Group
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Disclaimer:
The presented material has been created based
on two data resources: a) interviews that Sabz`s
employees conducted with project champions
and researchers in summer and fall 2013. Any
opinions, findings and conclusion are not
generated by Sabz`s employees.
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CHAPTER ONE: Soil and Ground Water Projects
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Introduction to Soil and Ground Water Projects:
Between 2005 and 2013, a total of 69 projects were funded by PTAC’s Soil and Groundwater Issues
group. Out of these 69 projects, the practical, regulatory and scientific implications of 65 projects were
followed up upon. The remaining 4 projects currently remain in the early development stages, and the
outcomes are not yet available. All 69 projects listed, including available information on policy issues
and knowledge gaps, led to the introduction of the projects, outcomes, and possible follow-ups.
The projects launched through the Soil and Groundwater Issues group, have been successful through
their significant contributions in a) expanding knowledge and b) refining existing methodologies and
best practices. Some noteworthy contributions worth highlighting are:


Tier 2 Site-Specific Remedial Objective(s) (SSRO) has been reviewed



Tier 2 Guideline Calculation Software has been produced



The Subsoil Salinity tool (SST) was created



Bacteria have been selected to reduce toxicity of soil in green zones



Tier 1 regulation for critical PHC concentrations for Eco-contact in agricultural areas has been
reviewed and supported



Sections of the Canada-Wide Standards for Petroleum Hydrocarbons have been revised



PTAC has been nominated three times for an Emerald Award and was selected once as a Finalist



Soil and Groundwater Remediation Guidelines for Methanol has been refined



Draft Tier 2 Eco-Contact Guideline has been developed
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Fresh Water Aquatic Life (FWAL) Chlorides (2013-Ongoing)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
Some studies have shown a relatively strong influence of water hardness on toxic response to salinity
exposure, while other studies did not find hardness, as a co-exposure agent, responsible for a difference
in toxic response. CCME (2011) indicated there was a need for the generation of more toxicity data
incorporating aspects of hardness. In addition, CCME (2011) indicated that further research would be of
value for assessing differences in toxic responses for various species observed as a function of the
cation(s) present. The focus of this research is to:
Phase One (2013):
a. Evaluated published literature and assessment of toxicity drivers (e.g., chloride, sulphate, calcium,
sodium, potassium) and available information on water hardness and other co-exposure variables;
b. Summarize information as a function of mode of toxic action and species structure/interaction with
ions; and,
c. Propose necessary studies to resolve differences;
Phase Two (2014):
a. Finalize PTAC and Alberta Government vetted toxicity testing study design revisions;
b. Solicit bids from laboratories qualified to do the work;
c. Review and assess bids, lab Standard Operating Procedures (SOPs), facilities;
d. Coordinate work and make preparations for detailed toxicity testing;
e. Conduct detailed toxicity testing studies;
f. Analyze data, summarize results; and,
g. Proposed preliminary guideline revisions for review by PTAC and Government of Alberta.
Phase Three- Anticipated (2015):
a. Present results at forums and publish in peer reviewed journal; and,
b. Final guideline recommendation revisions.
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Knowledge gap:
Additional research required around setting a Fresh Water Aquatic Life Criteria for Chloride, specifically
looking at the hardness as a toxicity modifier.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to unnecessary remedial
efforts throughout the petroleum industry.

Outcome and uptakes:
It is expected to reduce these conservatisms which lead to a reduction in perceived waste going to
landfill and a reduction in remedial costs.
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Crop Response to Excessive Root Zone Contamination With Petroleum Hydrocarbons Under Simulated
Drought (2011)
Researcher: Bonnie Drozdowski, Alberta Innovates - Technology Futures
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
In the past, the effects of petroleum hydrocarbons (PHC) on crops were quantified at shallow soil
depths, where the root concentration is maximal. This abundant data has been used to justify PHC
guidelines for the “surface soil” (to 1.5 m depth). For the underlying subsoil, AENV has set critical PHC
concentration assuming that the surface soil criteria can be exceeded in subsoil by a factor of two or
more due to the lack of eco-contact at depth. However, some of the regional crops such as canola and
alfalfa develop root systems beyond the 1.5 m depth. Under the droughty conditions, much of root
water uptake by deep-rooted crops occurs at depth.
A project previously completed by the Alberta Research Council was focused on verifying current PHC
guidelines for subsoil. The results did not indicate an effect on crop performance, even though root
systems did demonstrate avoidance behavior and or diminished growth into PHC contaminated subsoil.
The trial did not include contamination in the surface soil thus leaving some room for speculation on
what the result would be if both the surface soil and subsoil were contaminated. In addition, the earlier
trials did not answer the industry’s concerns over the possibility of current PHC guidelines being too
conservative.

Knowledge gap:
The objective of the study is to determine experimentally the lowest PHC concentrations, which affect
crop performance for both surface soil and subsoil.

Policy issues:
The study aimed to possibly prompt a revision of current Tier 1 regulation for critical PHC concentrations
for eco-contact in agricultural areas.
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Outcome and uptakes:
The study was intended to prompt a revision of current Tier 1 regulation for critical PHC concentrations
for Eco-contact in agricultural areas. The expectation was that the results would demonstrate to the
government and public how far the existing PHC guidelines actually are from impacting the crops
significantly under the extreme climatic conditions, however, this did not happen, and Tier 1 guidelines
for PHC in soils for eco-contact in agricultural areas did not change.
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Development of Ecocontact Soil Selenium Guideline (2013)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The research involves assessing selenium toxicity with a variety of plant and invertebrate species to
evaluate and potentially redefine the soil selenium ecological toxicity guideline for Alberta and Canada.
Using on-going boron research as an example and benchmark it is anticipated that the research will be
conducted in multiple phases and take approximately five years to complete.

Knowledge gap:
Developing a risk based environmental assessment and remediation guidelines for selenium as it relates
to sulphate and other toxicity modifier concentrations in soil.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to unnecessary remedial
efforts throughout the petroleum industry.

Outcome and uptakes:
It is expected that the development of accepted scientific studies leads to a reduction in perceived
waste going to landfill and a reduction in remedial costs. The project is in progress at the time of
interview. For further information, please view PTAC`s website.
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Sulphate Adsorption and Desorption Properties of Alberta Soils and their Relevance to Transport
Properties and Leaching /Redistribution Rates (2011)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The energy sector is a source of potentially deleterious sulphate impacts in surface soils. Various
practices in the upstream oil and gas industry can result in subsoil sulphate salts being brought to the
surface where increased salinity can cause impairment of vegetative growth. Sulphate redistribution
occurs after site remediation activities such as excavation of produced water impacted soil, followed by
soil replacement when excavation depths or the quality of backfill are inadequate. Commonly, calcium
sulphate is used as an amendment to soil to reduce high sodium levels at produced water releases, or as
part of the oil sands consolidated tailings process, increasing sulphate concentrations. Drilling muds can
contain high levels of soluble sulphate salts and historical applications of large quantities at drill sumps
have resulted in many sites experiencing deteriorated soil quality and reductions in vegetation growth.
Another example is the blocks of elemental sulphur from processing natural gas, crude oil, or bitumen.
These sulphur blocks are typically stored outdoors where they are exposed to rainfall and erosion from
wind.
Knowledge gap:
Development of sulphate soil quality and remediation guidelines - evaluation of natural salt distribution,
fate and transport (after redistribution, sulphate, transport modeling

Policy issues:
Additional science for the refinement of regulator guidelines/directives/policies/criteria

Outcome and uptakes:
The resulting findings of this project are used in developing SST software and have also convinced
regulatory bodies to change some regulation.
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Updates and Upgrades to Alberta Environment Subsoil Salinity Tool (SST) Software and Manual (2013Ongoing)
SST Program Refinement (2010)
Third-Party Sensitivity Analysis of the Subsoil Salinity tool Version 2.1 (2009)
Researchers: Marie-Eve Caron, Matrix Solutions Inc.; Tony Knafla, Equilibrium Environment Inc.
Project Champion: Steve Kullman, Husky Energy Inc.; Stephen Bromley, Husky Energy Inc.
Summary:
Project 2009:
The objective of the study is to determine the full range of possible input parameters (minimums and
maximums) in SST, and to determine how much a change in each parameter influences the outputted
Tier II criteria. Output criteria is betted against real life impact scenarios (with the anonymity of clients
being respected for the purpose of this study. Matrix offers suggestions regarding the relevance of
criteria with respect to receptor risk or to the reasonableness of the impact of input parameters on
output criteria. A complete sensitivity analysis of the model input parameters combined with a
comparison to real site data would increase the understanding of the tool for PTAC, Alberta
Environment (AENV), and industry.
Project 2010 and 2013:
The research is a continuation of past development of the Subsoil Salinity tool (SST) program. The
primary scope of this research is related to refinement of the SST based on recent findings collected to
date following implementation/testing at a number of sites, as well as feedback from Alberta
Environment and beta testers of the SST program. The ultimate goal is to improve the accuracy of
subsoil salinity guideline calculations and reduce the extent of extrapolation from site-specific data to
default input parameters used to calculated subsoil salinity guidelines. The scope involves the following:
1) refine default categories for various site parameters, such as shallow groundwater velocity, site
dimension, soil drainage category; 2) provide an output of results summarizing implications associated
with the changes; 3) implement changes into the SST following stakeholder liaison; 4) refine subsoil
chloride guidelines; 5) accordingly update the SST Help Manual; and, 6) liaise with Alberta Environment
regarding implementation of the changes at early and later stages.
Knowledge gap:
Development of sulphate soil quality and remediation guidelines ‐ evaluation of natural salt distribution,
fate and transport (F&T) after redistribution, sulphate, transport modeling, toxicity evaluation for the
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derivation of criteria for the protection of potable water, human health (ingestion), wildlife/livestock
ingestion and eco‐soil contact exposure pathways, including harmonization of rooting zone electrical
conductivity (SCARG) criteria. Development of risk‐based environmental assessment and remediation
guidelines for subsoil below the root‐zone. Development of guidance for implementation on a Tier 1,
Tier 2, and/or site‐specific basis.

Policy issues:
Natural concentrations of certain elements exceeding or contributing to an exceeding parameter
identified in current regulatory guidelines can cause elevated remediation and reclamation costs that,
with proper evaluation, could be reduced if they can be differentiated from anthropogenic impacts. The
degree of conservatism current in some regulatory guidelines can be linked to some unnecessary
remedial efforts throughout the petroleum industry. The development of accepted scientific studies to
reduce these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and
a reduction in remedial costs.

Outcome and uptakes:
Software adopted by the Alberta Energy Regulator has been developed, based on existing information
by PTAC, and is currently being used by the industry. The software requires updating each year in order
to keep data current. (Key outcome: Updated SST software.)
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Toxicity Testing for Methanol, Amine, and Glycol Quality Guideline Development (2005)
Researcher: Miles Tindal, Axiom Environmental
Project Champion: Mike Morden, PetroCanada
Summary:
A number of non-petroleum chemicals related to oil and gas production and processing are lacking soil
remediation guidelines. Specific compounds of concern include methanol, amines (monoethanolamine,
diethanolamine), and glycols (diethylene glycol, triethylene glycol, tetraethylene glycol). This project
followed an Alberta Environment funded data gathering project. It was anticipated that the eco toxicity
data needed to develop guidelines would be lacking. AUPRF funds ware requested to carry out the
ecological toxicity tests needed to fill this information gap.
Knowledge gap:
To improve reliability for the amine analyses.

Policy issues:
To develop better analytical methods to get full value from the money already spent on these
guidelines.

Outcome and uptakes:
The Soil and Groundwater Remediation Guidelines for Methanol guideline, provided by Alberta
Environment, was based on this project, thus, the contributions of this project were significant to
industry.
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Chemical and Isotopic Characterization of Water and Dissolved Gases in Shallow Aquifers in the
Vicinity of Coal Bed Methane Operations in Alberta (2009)
Researcher: Bernhard Mayer, University of Calgary
Project Champion: Ted Johnson, Talisman
Summary:
The objective of this project was to characterize the chemical and isotopic composition of shallow
groundwater and dissolved gases in Alberta. Seventy groundwater samples, 30 more than proposed,
were obtained, and a comprehensive chemical and isotopic data set for shallow groundwater in Alberta
has been compiled. The data summarized in section 5 of this report has revealed the following:
• Specific conductance varied from 431 μS/cm to 15,464 μS/cm.
• Dissolved oxygen (DO) contents of the groundwater samples were typically less than 2 mg/L.
• Sodium was the dominant cation in most shallow groundwater samples with an average concentration
of 362.1 mg/L followed by Ca (56.5 mg/L), Mg (29.7 mg/L), K (3.2 mg/L), Fe (0.3 mg/L), and Mn (0.2
mg/).
• The dominant anion was HCO3 (564.5 mg/L) followed by SO4 (428.5 mg/L) and Cl (105.4 mg/L).
• Few samples had detectable nitrate with concentrations typically not exceeding 1 mg/L.
• Very few of the analyzed metals and trace elements occurred at concentrations that exceeded current
MAC and AO guidelines established by Health Canada.
Knowledge gap:
There are significant environmental concerns, some of them related to potential negative impacts on
shallow groundwater resources. These concerns are mainly based on negative experiences in the United
States; where in some areas such as Powder River Basin or San Juan Basin saline produced water from
coal bed methane operations have caused contamination of surface water and aquifers. To address such
environmental concerns in a scientifically sound manner, it is essential that the geochemical and isotopic
compositions of shallow groundwater and produced water in CBM producing regions of Alberta are
thoroughly known.
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Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some unnecessary
remedial efforts throughout the petroleum industry. the development of accepted scientific studies to
reduce these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and
a reduction in remedial costs.

Outcome and uptakes:
It was expected that the project would influence change in related policy areas, and fill knowledge gaps.
It was successful in the latter goal, however it did not change any related policy. The researcher has
published an academic paper on the project itself..
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Development of Risk-Based Soil Quality Guidelines for Selected Trace Metals (2013-Ongoing)
Researcher: Ian Mitchell, Millennium EMS Solutions Ltd.
Project Champion: Stephen Bromley, Husky Energy Inc.
Summary:
The project involves the development of risk-based soil quality guidelines for one or more metals (see
Section 6) using the approach specified by Canadian Council of Ministries of the Environment (CCME,
2006). The end result is soil quality guidelines that meet all requirements of both Alberta and CCME,
with a complete scientific supporting document provided with each guideline. The guidelines could be
used immediately as internal guidelines by the oil and gas industry, and eventually adopted by
Environment and Sustainable Resource Development (ESRD), CCME and other jurisdictions. The
guidelines can also be developed in cooperation with ESRD, Health Canada and Environment Canada to
maximize the potential for eventual formal adoption.

Knowledge gap:
Refinement or development of risk‐based soil quality guidelines for selected trace metals (e.g.
molybdenum, antimony, beryllium, and cobalt).

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to unnecessary remedial
efforts throughout the petroleum industry. The development of accepted scientific studies to reduce
these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and a
reduction in remedial costs.

Outcome and uptakes:
This project will potentially change part of existing regulatory guidelines. The project is scheduled to be
completed by year end 2014, and be applied by the regulator by year end 2015.
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Proposed Third Party Review for PTAC SAR Subsoil Guidelines Project (2013)
Researcher: Miles Tindal, Millennium EMS Solutions Ltd.
Project Champion: Ole Mrklas, ConocoPhillips
Summary:
Having a guideline framework for that is applicable in subsoil could be very helpful in the management
of sites with SAR issues, if the subsoil guidelines are less stringent that those for surface soil. Having a
3rd party review of this work should add credibility and may facilitate regulatory acceptance.

Knowledge gap:
Development of risk‐based environmental assessment and remediation guidelines for subsoil SAR below
the root‐zone. Development of guidance for implementation on a Tier 1, Tier 2, and/or site‐specific
basis.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some unnecessary
remedial efforts throughout the petroleum industry. The development of accepted scientific studies to
reduce these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and
a reduction in remedial costs.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Vapour Emissions from Ex-Situ Remediation (Phase Two, 2013)
Vapour Emissions During Ex Situ Remediation Activities: Model Calibration, Evaluation of Biofilters,
and Screening Tool Development (Phase One, 2012)
Researcher: Ian Mitchell, Millennium EMS Solutions Ltd.
Project Champion: Ole Mrklas, ConocoPhillips
Summary:
Onsite ex-situ soil remedial technologies involve the excavation of contaminated material and treatment
onsite, potentially resulting in the release of volatile chemicals to ambient air. the resulting volatile
emissions may include greenhouse gasses as well as compounds that may impact ambient air quality for
humans or ecological receptors. Meridian previously completed a comparative assessment of emissions
during ex-situ remedial activities and land fill disposal (Meridian 2011) for the PTAC. A modelling
approach was developed for use in comparing lifecycle emissions from alternative remediation
scenarios, and their impacts to human health and the environment.

Knowledge gap:
Evaluation of life cycle emissions of ex situ remediation with and without the use of biofilters, including
consideration of the production and fate of the biofilters; and collection of emissions data from Ex-situ
treatment of soils that would otherwise require treatment in a Class I landfill.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some unnecessary
remedial efforts throughout the petroleum industry. The development of accepted scientific studies to
reduce these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and
a reduction in remedial costs.
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Outcome and uptakes:
When starting the project in 2012, the team recognized that the targeted goal was not fully reachable
due to the complexity of the problem. Thus, a new project was designed in 2013, with more acceptable
goals. These two projects are currently focusing on providing additional information to the public,
industry, and regulator, in order to have a better understanding about the life cycle of hydrocarbon.
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Synthesis of Boron Plant Toxicity Data, Irrigation Data, and Fate and Transport Modeling to Generate
Boron Guideline Recommendations for Soil and Groundwater (2012)
Plant Toxicity Study for Boron in Peat/Muskeg Ecosystems (2011)
Test Methodology and Toxicity Study for Boron (2010)
Boron Impacts in Soil Produced Water Co-Contaminant (2008)
Researcher: Tony Knafla, Equilibrium Environmental Inc.,
Project Champion: Steve Kullman, HuskyEnergy Inc.
Summary:
Boron is a metalloid co-contaminant common in produced water which may be toxic to plants at
elevated concentrations beyond the nutritional requirements. Boron is thus highly relevant to the
salinity impacts which have the largest total foot-print and potential environmental liability of all oil and
gas related impacts to soil and groundwater. Boron is also found naturally elevated above the current
Tier 1 guidelines in several parts of Alberta, complicating the assessment and management of boron
impacts due to oil and gas operations. Updated, risk-based boron guidelines for both soil and
groundwater would benefit industry in terms of reduced investigation and remediation costs as well as
improved environmental performance. It would also improve soil conservation efforts and reduce the
instances where natural boron concentrations which do not pose significant risk are disposed in a
landfill.
Previous Alberta research projects have generated a significant amount of information related to the
toxicity of boron to both agricultural and boreal forest species in soils ranging from mineral to artificial
to organic. This toxicity data is presented in terms of both the standard hot-water soluble (“HWS”)
methodology used in the current Tier 1 guidelines, as well as the alternative saturated paste
methodology which appears to be more relevant to plant toxicity and fate and transport of boron in soil
and groundwater. This project proposes to synthesize this Alberta plant toxicity data along with toxicity
data from other jurisdictions (such as the United States) and organizations (such as Environment
Canada) where appropriate. This synthesis also includes considering other important soil pathways and
receptors for guideline development as per AENV/ CCME protocol such as soil invertebrates, human soil
ingestion, and livestock soil and food ingestion. This synthesized information in combination with
ongoing consultations with AENV and the PTAC Boron Working Group might be used to generate boron
guideline recommendations for various pathways and soil textures (e.g., fine, coarse, organic). This
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project produces a Tier 1 guideline document similar to the barium guideline, though potentially with
some deviations as described below.
Though boron is a metalloid, it is currently classified with metals in the Alberta Environment Tier 1
guidelines. Existing Alberta Environment policy does not recommend evaluating groundwater pathways
for metals, primarily due to the complex interactions and insufficiently reliable data linking soil
concentrations and groundwater concentrations, especially for highly sportive metals. In some cases,
this may result in the use of increased safety factors to compensate for this large data gap for many
metals. Boron appears to be in a grey area within the existing guideline framework, being a metalloid
rather than a metal and having significant data generated through recent PTAC-funded boron research
activities in Alberta regarding soil and groundwater interactions. Pending Alberta Environment policy
decisions, boron groundwater pathways such as human drinking water, livestock watering, and irrigation
water may potentially be calculated and used in overall guideline development. For example, the
current Alberta Environment boron irrigation guideline of 0.5 mg/L is based on protecting the most
sensitive species (blackberries). This project also examined this irrigation guideline and make
recommendations for updating it based on risk-based criteria should it become necessary to evaluate
groundwater pathways based on Alberta Environment consultations. The integration of the plant
toxicity data combined with fate and transport modeling for groundwater pathways such as irrigation,
would allow an integrated approach to recommending guidelines for both soil and groundwater.

Knowledge gap:
Boron is a common co-contaminant typically found with salts in produced water. The resulting soil
boron impacts due to produced water releases can in many cases be more persistent than the salt
component due to the significant binding of boron to soil surfaces. Elevated boron levels can pose direct
risks to plants, as well as risks to receptors such as livestock and groundwater. The current CCME and
Alberta Environment guidelines for soil boron are based on the HWS methodology, but a preliminary
literature review has indicated that the SPB methodology may be a more relevant indicator for plant
toxicity in a variety of soil types.

Policy issues:
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Natural concentrations of certain elements exceeding or contribute to an exceeding parameter
identified in current regulatory guidelines can cause elevated remediation and reclamation costs that,
with proper evaluation, could be reduced if they can be differentiated from anthropogenic impacts

Outcome and uptakes:
The industry has benefited from these projects in terms of reduced investigation and remediation costs,
as well as improved environmental performance. In addition, this group of projects has aimed to change
some regulation and policies. However, this goal has not yet been fulfilled due to delays in research.
There is still a high possibility that in the future, some regulatory guidelines will be changed as a result of
these projects.
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Eco-Toxicity of Sulphate Relative to Chloride (2012- ongoing)
Researcher: Miles Tindal, Millennium EMS Solutions Ltd.
Project Champion: James Agate, CNRL
Summary:
The overall objective of this project is to determine whether sulphate has a significantly different toxicity
to chloride for a representative selection of Alberta plants. If so, identify what further work will be
needed to support a potential future sulphate-specific soil remediation guidelines and sulphate ecotoxicity reference values to be used with the SST.

Knowledge gap:
Development of sulphate soil quality and remediation guidelines and evaluation of natural salt
distribution, fate and transport after redistribution, sulphate, transport modeling and toxicity evaluation
for the derivation of criteria for the protection of potable water, FAL. This also includes ingestion,
wildlife/livestock ingestion and eco-soil contact exposure pathways, including harmonization of rooting
zone electrical conductivity criteria.

Policy issues:
Natural concentrations of certain elements exceeding or contribute to an exceeding parameter
identified in current regulatory guidelines can cause elevated remediation and reclamation costs that,
with proper evaluation, could be reduced if they can be differentiated from anthropogenic impacts.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Using Laboratory Saturation Percentages to Estimate Soil Texture (2013)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Michelle Young, Imperial Oil
Summary:
The Canadian Council for Ministers of the Environment (CCME) has recently revised the Water Quality
Guideline for chloride (from 230 to 120 mg/L for chronic exposure), applicable to freshwater aquatic life
receptors1. As part of this, two additional key factors were identified that may influence the derivation
of a chloride guideline for aquatic life: 1) water hardness; and, 2) cation co-exposure.
Some studies have shown a relatively strong influence of water hardness on toxic response to salinity
exposure, while other studies did not find hardness, as a co-exposure agent, responsible for a difference
in toxic response. CCME (2011) indicated there was a need for the generation of more toxicity data
incorporating aspects of hardness. in addition, CCME (2011) indicated that further research would be of
value for assessing differences in toxic responses for various species observed as a function of the
cation(s) present.

Knowledge gap:
Additional science for the refinement of regulatory guidelines / directives / policies / criteria

Policy issues:
Additional research required around setting a Fresh Water Aquatic Life criteria for Chloride, specifically
looking at the hardness as a toxicity modifier.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.

1

CCME 2011; Canadian Water Quality Guidelines – Chloride Ion. Scientific Criteria Document. Canadian Council for
Ministers of the Environment, Winnipeg. PN 1460, ISBN 978-1-896997-77-3 PDF
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Development of a Tier 2 SSRO Derivation Process Beyond the Pass/Fail Approach (Phase Five, 2013)
Alternative Process for Developing A Tier 2 SSRO (Phase Four, 2012)
Application of Different Measures of Bioavailability to Support the Derivation of Risk-Based (Tiers 2
and 3) Remedial Benchmarks for PHC-Contaminated Sites (Phase one to three) (2008 to 2011)
Assessment and Refinement of Eco-Toxicity Methods for Development of Tier 2 Soil Eco-Contact
Standards and Application to Site-Specific Risk Assessments (Pre-Study) (2006)
Researcher: Gladys Stephenson, Stantec Consulting Ltd. - Environmental Management
Project Champion: Chris Meloche, Husky Energy Inc.
Summary:
The Canada-wide Tier 1 Standards for Petroleum Hydrocarbons in Soil (CWS PHC) were released in May
2001, and have proven useful for managing many hydrocarbon-contaminated sites. The standards were
re-evaluated by the Eco-contact Subgroup to the CCME PHC Soil Advisory Task Group, where they
examined the efficacy of the standards for managing PHCs in soil in light of new data and re-evaluated
the existing data. Recommendations were made suggesting changes for the Tier 1 PHC standards in soil.
There was recognition that the application of the Canada-wide PHC soil standards to contaminated lands
has significant limitations when applied to sites with weathered and aged hydrocarbons in soil. Data has
been found to support the suggestion that these Tier 1 values might be inappropriate for some sites
with weathered and aged petroleum hydrocarbons, and that Tier 2 or Tier 3 site-specific soil standards
might be more useful for managing hydrocarbon contamination at these sites.
Tier 2 methods for deriving site-specific standards provide for modification of the Tier 1 standards based
on site conditions as long as the level of protection for that site does not change. Alberta Environment
has allowed three approaches for deriving Tier 2 site-specific benchmarks for protection of ecological
receptors. The approaches include: 1) elimination of an exposure pathway because it is not applicable to
the site; 2) elimination of receptors because they are not present at the site; and, 3) a site-specific
toxicity post-remediation assessment to demonstrate that there is minimal risk associated with
exposure of ecological receptors to the PHC residuals in soil at the site. The toxicity assessment
comprises a minimal test species and methods battery that includes a chronic survival (28 or 35-d),
growth and reproduction (56 or 63- d) test with earthworms and definitive (14 or 21-d) tests with a
minimum of two plant species of which northern wheatgrass must be one of the species (Harris et al.
2007). This assessment is costly and takes a minimum of 3 months before results are generated for use
in management decision making. If it were possible to apply a direct measure of bioavailability to soils
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that could then, in turn, be used to determine or predict the risk associated with exposure to the PHCs
in soil, then a powerful resource is going to be available for use in risk assessment.
Knowledge gap:
Risk assessments conducted under provincial or federal frameworks require the predictions of impact to
both ecological and human receptors. Often, ecological receptors are more sensitive to soil
contaminants than are human receptors. This is particularly true for petroleum products. Therefore,
risk-based remedial levels are often driven by the outcome of ecological risk assessments. Risk
assessment of contaminated lands (e.g., brownfields) assumes that contaminants in soil are 100% bioavailable. This assumption often results in an over-estimation of the risks associated with the
contamination (e.g., chemicals of concern). Remedial targets or benchmarks derived in light of these
risks and assumptions are often needlessly low, and might be technically unattainable or prohibitive in
terms of cost.
There are two approaches that can be used to measure bioavailability. Biological measures include the
use of toxicity tests, contaminant residues in tissues, and bioaccumulation tests; all are surrogate
biological measures of bioavailability. Chemical measures of bioavailability include bio accessibility tests
and other biomimetic devices (Single Program, Multiple Devices, SPMDs), biotic ligand modeling, and
chemical extractions (e.g., calcium chloride calcium sulphate, nitric acid, ammonium-EDTA, DTPA,
cyclodextrin); all are surrogate chemical measures of bioavailability. Each of these tools has advantages
and limitations and has proven useful when applied within a specific research context. However, there
are no standardized methods for measuring bioavailability and no one method can be recommended
over another because there are insufficient comparative or applied data. There is no data that directly
compares the efficacy of the different measurement methods applied to sites with similar physiochemical characteristics and different contamination issues, or to sites with different physio-chemical
characteristics and the same contamination issues. This is important in order to discern which
measurement method is most appropriate for which site and which contamination issue.
Policy issues:
Risk assessment cost reduction. Identify areas where the board application of risk assessment strategies
may reduce the required management/remediation efforts. The degree of conservatism current in some
regulatory guidelines can be linked to some unnecessary remedial efforts throughout the petroleum
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industry. The development of accepted scientific studies to reduce these conservatisms would
ultimately lead to a reduction in perceived waste going to landfill and a reduction in remedial costs.

Outcome and uptakes:
These projects were completed through PTAC over a period of 5 years (excluding the pre-study in 2006
which provided the foundation for these projects). One issue that industry faced was the costly and
inefficient guidelines and testing that were currently in place. In turn, PTAC started to conduct basic
research in the first phase of the project, to understand possible solutions. The first phase began in early
2008 and was completed by the end of the year. The first phase was successful and provided the ground
work for the following phases. The second and third phases were categorized in applied research type,
and possible solutions were tested. In these stages, the Alberta Energy Regulator adjusted their Tier 2
guidelines addressing site-specific remedial objectives based on the results. A fourth phase was then
undertaken, focusing on the adjusted Tier 2 guidelines. The objective of this phase was to review the
results of a minimum of 10 Tier 2 pass/fail eco toxicity assessments, in order to determine a process for
deriving SSROs, should the site samples fail to satisfy the Tier 2 criteria for specific land uses. In the final
project stage (2013), AUPRF expanded the scope of study to further advance the revised guideline. This
phase is currently ongoing.
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A Rapid Bioassay for Predicting Toxicity of PHC-Contaminated Soil (Three Phases) (2010-2013)
Researcher: John Ashworth, ALS Laboratory Group
Project Champion: Chris Meloche, Husky Energy Inc.
Summary:
The project goal is to fully develop an existing rapid, accurate bioassay for soil at PHC-contaminated
sites; especially soils that are likely non-toxic to biota, but which exceed CCME criteria for solventextractable F2-F4 hydrocarbons. Costly Tier-2 testing of soils that failed this rapid bioassay could be
reconsidered. Alternatively, Tier 2 testing would likely be more cost-effective for PHC-contaminated soils
that passed the bioassay.
The bioassay is based on a combination of cyclodextrin (CD) extraction, followed by a Microtox test on
the soil extract. It has been established for a range of soils (Axiom 2005) that CD extraction recovers only
bio-available PHC, and that amounts of CD-extractable PHC are well correlated with earthworm
reproduction data. However, in this project quantification of extracted PHC is not the goal.
CD-extracts of soil are usually non-toxic in the Microtox bioassay, but recent ALS work has shown that
CD-extracts can be activated, releasing PHC. Extracts of soils with sufficient bio-available PHC then fail
the Microtox test.
A wide range of real-world soils was obtained from Stantec. Other suitable soils were obtained from
PTAC / CAPP members. A range of PHC-spiked soils are also tested. Earthworm survival data already
available for Stantec’s soils was obtained by HydroQual Ltd. (S. Goudey). CD extraction of all projects
soils, and subsequent extract activation followed by Microtox testing was done at ALS Edmonton (J.
Ashworth) who also correlated data and provides interim and final reports.
Knowledge gap:
Application of different measures of bioavailability to support the derivation of risk‐based Tier 2
remedial benchmarks for PHC contaminated sites.
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Policy issues:
Risk Assessment Cost Reduction. Identify areas where the board application of risk assessment
strategies may reduce the required management and remediation efforts.

Outcome and uptakes:
The desired outcome of the project was to deliver a new methodology to test the level of contamination
in soil, as the method which is currently used in the oil and gas industry is very costly. The new
methodology has been borrowed from other industries and has been applied through this project, in
order to understand whether it is suitable for the oil and gas industry. The outcome was positive, and
will become fully available for industry at year end 2013.
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Implementation of Subsoil Sodium Adsorption Ratio Guidelines into the Alberta Environment Subsoil
Salinity tool (Phase Two) (2012)
Synthesis of SAR/Hydraulic Conductivity Data from Multiple Column Studies Coupled With ThreeDimensional Transport Modeling to Support Framework for Subsoil SAR Guidelines (Phase One) (2011)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Michelle Young, Imperial Oil
Summary:
Phase One:
Increases in Sodium Adsorption Ratio (SAR) may result in swelling and/or dispersion of clayey soils and
consequent loss of hydraulic conductivity. This may lead to reduced infiltration or ‘hard-pan’ with
elevated SAR in root-zone soils, or detrimental changes in water-table (water-logging) with elevated SAR
in subsoil. Equilibrium Environmental has been involved in numerous (and ongoing) column studies for
evaluating the effects of EC/SAR combinations on hydraulic conductivity for a variety of soil types. This
project proposes to synthesize the results of these numerous column studies to generate an algorithm
for predicting the relative loss of hydraulic conductivity based on EC, SAR, and soil type. The potential
effects of these hydraulic conductivity losses on water table can then be modeled in three dimensions
using a program such as MODFLOW as a function of factors such as impact depth and size, and original
water table level. Ultimately, SAR/EC combinations which do not produce unacceptable changes in
modeled water table could be used as a framework for subsoil SAR guidelines. This project builds on
previous SAR research performed by Equilibrium in conjunction with PERD and AUPRF funding as well as
synergizing with various SAR risk assessments for the oil and gas industry. Where supplementary
analytical work is required from associated column experiments, in-kind support from Exova in terms of
preferred analytical rates is available.
Subsoil SAR currently has inadequately refined guidelines which may lead to over-remediation of certain
sites or the inability to generate effective remediation or risk management plans on other sites due to a
lack of appropriate risk-based guidelines. Risk-based subsoil SAR guidelines could be based on factors
such as soil type, EC, impact depth, dimensions, and background salinity depending on the desired
degree of conservatism and guideline complexity.

Phase Two:
Salinity impacts have the largest total foot-print and potential environmental liability of all oil and gasrelated impacts to soil and groundwater. The Subsoil Salinity Tool (SST) currently provides benefit to oil
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and gas companies, environmental consultants, government environmental agencies, and landowners
due to the ability to provide standardized assessment and remediation of the chloride aspect of salinity
impacts. It would be of value to extend these benefits to sodicity (SAR), another important aspect of
salinity impacts. Subsoil SAR currently has inadequately refined guidelines which may lead to overremediation of certain sites or the inability to generate effective remediation or risk management plans
on other sites. Having subsoil SAR guidelines implemented in the SST in a similar manner to subsoil
chloride guidelines provides enhanced efficiency for site investigation, guideline derivation, and SST user
training. Industry would benefit from this project in terms of reduced investigation and remediation
costs as well as improved environmental performance. This could ultimately result in the accelerated
return of historically salt-impacted land to productive use while maximizing soil conservation and the
effectiveness of remediation resources.
This project does not include additional laboratory research, and focuses on algorithm development,
software implementation, and finalization of subsoil SAR guidelines. Previous and current research
projects performed by Equilibrium Environmental in conjunction with PERD, AUPRF, Alberta
Environment, and industry in-kind funding have generated a proposed framework for subsoil SAR
guidelines. The framework would be based on combinations of multiple relevant factors (SAR, EC, soil
texture, water table depth, lateral and vertical impact dimensions, infiltration rate) producing an output
of subsoil SAR guidelines that are not associated with an unacceptable risk of potential adverse effects.
The Subsoil Salinity tool provides an effective mechanism to collect site-specific input parameters
relevant to subsoil SAR impacts, apply appropriate mathematical algorithms, and produce subsoil SAR
guidelines on a Tier 2 basis. This project proposes to implement additional SAR-related data input into
the SST, and implement suitable algorithms following a regulatory approval process in order to produce
subsoil SAR Tier 2 guidelines on a site-specific basis by operators of the SST. This allows the
simultaneous generation of subsoil chloride and SAR guidelines from one execution of the SST, in
addition to focusing remediation efforts on the salinity parameter of concern.

Knowledge gap:
Development of risk‐based environmental assessment and remediation guidelines for subsoil below the
root‐zone. Development of guidance for implementation on a Tier 1, Tier 2, and/or site‐specific basis.

Policy issues:
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Subsoil SAR currently has inadequately refined guidelines which may lead to over-remediation of certain
sites, or the inability to generate effective remediation or risk management plans on other sites due to a
lack of appropriate risk-based guidelines. Risk-based subsoil SAR guidelines could be based on factors
such as soil type, EC, impact depth, dimensions, and background salinity depending on the desired
degree of conservatism and guideline complexity.

Outcome and uptakes:
Industry would benefit from this project in terms of reduced investigation and remediation costs as well
as improved environmental performance. Phase one was successful in providing data for the second
phase of the project. The outcomes of the first phase have been presented at numerous conferences,
while the second phase focused on applied research. The final report has recently been submitted for
review; therefore more time must pass to understand its effect on industry.
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Validation of Petroleum Hydrocarbon Stratified Remediation Subsoil Criteria (2012)
Researcher: Bonnie Drozdowski, Alberta Innovates - Technology Futures
Project Champion: Kathy Cox, Enerplus Corporation
Summary:
The objective of the study is to provide statistical evidence that the effects of Alberta Tier 1 critical
concentrations of F2 and F3 hydrocarbons in both coarse and fine subsoil are not significant. During the
last several months, the project completed a number of activities and objectives, including supplies
acquisition, experimental set-up, seeding and initial monitoring through funds provided by PTAC. The
experiment is being conducted in a greenhouse with canola and alfalfa using 2 m tall by 0.3 m diameter
polyvinylchloride (PVC) pipes filled with either coarse or fine soil. Each PVC pipe contains 10 cm of gravel
followed by 40 cm of PHC contaminated soil, and 1.5 m of clean coarse or fine soil. TDR moisture probes
were placed at varying depths within the profile and soil moisture is continuously being monitored to
maintain appropriate water contents. A total of 96 PVC pipes have been set up in a factorial
arrangement using a randomized block design with eight replicates. The objective of the second year of
monitoring is to complete the study of the validation of Petroleum Hydrocarbon Stratified Remediation
Subsoil Criteria by monitoring responses of canola and alfalfa with regards to performance at different
growth stages, root biomass, aboveground biomass, and yield as compared to PHC free subsoil.

Knowledge gap:
Increasing knowledge regarding plant species’ sensitivity to petroleum hydrocarbons at depths below
1.5m.

Policy issues:
There is a need to validate the current AENV subsoil guidelines by providing statistical evidence that
prove regional deep rooted crops are not affected by critical PHC concentrations in subsoil, even under
drought conditions when the plants are forced to extract moisture from depths below 1.5 m.
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Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Enhanced Reclamation Using Plant Growth Promoting Rhizobacteria in the Green Zone (2011)
Researcher: Bonnie Drozdowski, Alberta Innovates - Technology Futures
Project Champion: Ole Mrklas, ConocoPhillips
Summary:
The objective of this study is to enhance the rate and effectiveness of hydrocarbon-contaminated site
reclamation using native plant species and plant growth promoting rhizobacteria (PGPR) by optimizing
the rhizosphere/ mycorrhizosphere systems. This will help plants establish and survive in nutrient
deficient and degraded habitats. The study involved isolation and identification of PGPR, evaluation of
different native plants, seeding rates, and application of PGPR in the greenhouse and field environments
Knowledge gap:
It aims to provide potential alternative to conventional reclamation/remediation practices for oil and
gas sites in the Green Zone.

Policy issues:
The knowledge obtained through this research can be used as scientific evidence to support the
development of alternate guidelines and criteria for reclamation of contaminated sites in Alberta

Outcome and uptakes:
This project can be considered as a one of the very successful projects in this group of studies. By
selecting bacteria which reduces toxicity of soil in green zones, industry can reclaim contaminated sites,
much easier and cost efficient than before. Enhancing selected bacteria in various soil types can
decrease the cost of reforestation by over 50%, and has the potential to relax regulation in green zones.
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Utilizing Carbon Ranges, Unresolved Complex Mixtures and Carbon Preference Index Signatures as a
new tool for Quantifying Biogenic Vs. Petrogenic Hydrocarbons in Soils Contaminated With Heavy
Petroleum Products (2011)
Researcher: George Dixon, University of Waterloo
Project Champion: Mike Morden, Suncor
Summary:
The project`s goal was to expand the current F3a:F3b database to include odd versus even n-alkane
ratios (Carbon Preference index) and UCM versus resolved peak ratios. All three parameters would be
collectively used to calculate true petrogenic concentrations for the full range of light to heavy, refined
and unrefined petroleum sources.
The development of this three-parameter approach would benefit all upstream and downstream
industries that work with bioremediation and/or removal of soils contaminated with light and heavy
petroleum products. This project is especially relevant to heavier products such as bitumen,
asphaltenes, fuel oils, engine oils, etc. This comprehensive approach could be used to better define soil
contamination remediation boundary zones, as well as phytoremediated soils. It could also be used to
evaluate true petrogenic concentrations for bioremediation techniques that mix petroleum products
with organic materials such as manure and sludge.
This project builds on the success of the F3a:F3b approach, by including all light and heavy petroleum
products, rather than only the lighter products. This is essential to ensuring that biogenic interference
issues can be eliminated for all petroleum products.
Knowledge gap:
Natural versus anthropogenic impacts

Policy issues:
Development of defensible laboratory methodologies that can differentiate between biogenic and
petrogenic hydrocarbon constituents
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Outcome and uptakes:
The resulting benefits pertain to soil bioremediation and excavation cost savings, in addition to
eliminating unnecessary disturbances to natural environments. The project was successful in
answering and exploring the toxicity issues surrounding petroleum hydrocarbons in an attempt to
influence the newly changed standards to be less conservative.
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Simplified Microtox Bioassay Procedure for Drilling Waste Testing (2011)
Researcher: John Ashworth, ALS Environmental
Project Champion: Chris Meloche, Husky Energy Inc.
Summary:
Drilling waste testing labs in Alberta use some multi-concentration versions of the Microtox test, such as
the "increased sensitivity assay" (ISA), in which four separate solutions are tested ranging in
concentration from 10% to 82% of the submitted sample. Test results are reported as an EC50(15)
value, the concentration of test sample that would have caused exactly 50% light loss, 15 minutes after
mixing sample and test organism. This value is obtained from the line of best fit through the four data
points. For a pass result, as specified in AER's D-50 directive, the EC50 concentration must be 75% or
more.
The following alternative method is proposed:
Only one test concentration (exactly 75% of the as-received sample) is used. The per cent light loss
measured at that AER threshold concentration would be reported rather than an EC50(15) value but the
net result, in terms of pass or fail, would be exactly the same. A pass would occur when light output
(after 15 minutes) was still at least half of its initial level before mixing.
Validation against the current ISA version of the Microtox bioassay would be required to confirm that
this proposed single-concentration test was equivalent. Preliminary tests at ALS indicate that it is indeed
equivalent. Funding is requested from AUPRF to offset the costs of this method validation, necessary to
gain AER acceptance.

Policy issues:
The degree of conservatism current in many regulatory guidelines can be attributed to many
unnecessary costs associated with remedial efforts throughout the petroleum industry; therefore, there
is a need for the development of accepted scientific studies to reduce these conservatisms.

Outcome and uptakes:
The new methodology introduced in this project is currently being applied by industry, and likely save
money for the industry as a whole.
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Characterization of the Saturated Conductivity - SAR- EC Relationship in Subsoils (2010)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The primary scope of this research is to: 1) characterize how soil saturated hydraulic conductivity (KSAT)
varies with EC and SAR in Western Canada relevant subsoil as a function of clay mineralogy, soil texture,
pH, at different ratios of magnesium, calcium, and sodium; 2) evaluate treatment options for
ameliorating SAR impacts in soil; 3) analyses these data for guideline development; and, 4) provide
recommendations for improving lab methods (and core collection) for site-specific testing of saturated
conductivity in subsoil.
This research is relevant to the following situations: 1) SAR impacted soils as a result of produced water
release sites due to upstream oil and gas activities and saline/ sodic water produced from coal-bed
methane operations; 2) construction practices leading to subsoil high in naturally occurring sodium
sulphate being brought to the surface resulting in increased EC, SAR, and ESP values; and, 3) techniques
for remediating SAR in subsoil.
The research plan and methodology of the project is designed to address the different scenarios where
SAR impacts may occur in subsoil, which is described below. the effects of elevated sodium on surficial
soil are well known (McNeal et al., 1968; Curtin et al., 1994a). High SAR can result in dispersion of clay
particles, aggregate breakdown, and clay swelling, leading to a reduction in hydraulic permeability.
Generic soil guidelines provide sodicity remediation guidelines for topsoil and rooting zone, valid to a
depth of 1.5 m. For salt impacted sites in the upstream oil and gas industry, the depth of salinity and
sodality impacts is generally dependent on the produced water release mechanism, with larger spills,
pipeline breaks and flare pit releases potentially impacting soils to deeper depths.
Knowledge gap:
There are different scenarios where SAR impacts may occur in subsoil and the knowledge is limited. The
project aims to address this gap.
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Policy issues:
Reviewing SAR guidelines: remediation of impacted soils at depth to meet generic SAR guidelines
applicable for rooting zone soils may result in an over or under protection of soil hydraulic conductivity.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Weathered PHC F2 and the Eco-Contact Pathway -The Effect of Soil Texture- Phase Two (2010Ongoing)
Weathered PHC F2 and the Eco-Contact Pathway - Quantifying the Effects of Weathering- Phase one
(2008)
Researcher: Miles Tindal, Axiom Environmental
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The latest (2008) version of the Petroleum Hydrocarbon Canada-Wide Standard (PHC CWS) and the
current AENV Tier 1 Guidelines revised the soil remediation guideline for the ecological contact with
plants and soil invertebrate’s pathway (the “eco-contact pathway”) for F2 down from 900 mg/kg to 150
mg/kg (natural area, agricultural, and residential land use). This is the limiting pathway for F2 at the vast
majority of sites. The database of toxicological information on which this F2 guideline was based is not
extensive, and considered only fresh, rather than weathered F2. Various works, including several former
PTAC studies, have indicated that plant and invertebrate toxicity in soil can be lower for weathered than
fresh F3 PHCs. This issue was taken into account in a recent upward revision to the soil guideline for F3
in fine soil. However, minimal work relevant to the toxicity of weathered F2 appears to have been
conducted, and this project is intended to fill this research gap. Phase one of this project conducted a
range finding study with F2 spiked into fine-grained chernozem soil to determine the magnitude and
kinetics of the reduction to be expected in F2 during 12 months of a bench-scale weathering test.
Ongoing phase one studies are investigating the toxicity of weathered F2 to plants and soil
invertebrates. The results of phase one was encouraging, so it was needed to expand the scope of this
project in phase two to consider the effect of soil texture, and generate a dataset to support the
derivation of a revised guideline for F2 for both coarse and fine soil types.
Knowledge gap:
Phase one of this project researched the kinetics of F2 loss in soil and conducted ecological toxicity
testing on a fine (Chernozem) soil that had been spiked with F2 and then aged in the lab for 6 months.
Statistical analyses of these data are currently underway, but initial indications are sufficiently promising
to warrant expanding the scope of this study in a second phase.
The phase two of this work focused on the toxicity of aged/weathered F2 in a coarse-grained soil.
Together, the results of Phase one and Phase two are expected to be sufficient to support the
development of a soil remediation guideline for weathered F2.
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Policy issues:
Generate more realistic soil remediation guidelines for F2 for the eco-contact pathway.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Assessment of the Environmental Significance of Vapour Emissions During Ex-Situ Remediation
Activities (2010-Ongoing)
Researcher: Ian Mitchell, Meridian Environmental
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
Volatile emissions resulting from onsite ex situ remediation activities have the potential to contribute to
greenhouse gas emissions, as well as potentially impacting ambient air for humans or sensitive
ecological receptors. Currently, the magnitude of these emissions is not well understood, but due to
international, national and provincial requirements, an understanding of these emissions is necessary.
The project is an evaluation of potential emissions from ex situ remediation activities and a comparison
with emissions resulting from offsite transport to landfills and to the overall emissions from the oil and
gas industry. Based on the results of a literature review, a model will be developed to predict volatile
emissions during ex situ remediation activities, including emissions of petroleum hydrocarbons and
other volatile organic chemicals, as well as particulate and criteria air pollutants. Sampling of emissions
may be undertaken in a future year to confirm and calibrate the model results. An analysis of the
potential environmental impacts of ex situ remediation versus landfill disposal will be conducted
Knowledge gap:
To evaluate the environmental impacts to ambient air quality from volatile emissions during ex situ
remediation. To compare the overall environmental impacts to ambient air and financial costs of onsite
ex situ remedial technologies vs. off-site landfill disposal.

Policy issues:
To provide recommendations to the CCME Soil Quality Guidelines.

Outcome and uptakes:
The project is in progress at the time of interview. for further information, please check PTAC`s website.
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Petroleum Hydrocarbon Tier 2 Guideline Calculation Software (2010)
Researcher: Tony Knafla, Equilibrium Environment Inc.
Project Champion: Mike Morden, Suncor
Summary:
Alberta Environment, as well as the Canadian Council for Ministers of the Environment (CCME) has
developed a protocol, and associated mathematical algorithms, for the development of site-specific Tier
2 soil and groundwater quality guidelines for Petroleum Hydrocarbons (PHCs). In order for practitioners
to implement these guidelines, they must develop a spreadsheet, or other tool, to process the sitespecific inputs through a series of equations in order to calculate Tier 2 guidelines. This process is
challenged by the presence of complimentary error correction functions and in certain cases relatively
complex equations, which can readily be utilized incorrectly if the practitioner is not well versed in
mathematics. Spreadsheets have previously been developed for these calculations, however, uptake by
practitioners has been relatively low and they do not appear to be widely used. Furthermore, the
Alberta Environment protocol document has conditions under which Tier 2 guidelines are acceptable, or
not, for application at a particular site. This process can be an additional challenge to practitioners
providing they are not well versed on the subject or site-specific risk assessment in general. Finally, soil
vapour guideline and analysis methodologies have recently been developed in the USA and are pending
Canada for improving the accuracy of Tier 2 guidelines via the vapour inhalation pathway, which should
be incorporated into the Tier 2 guideline process.

Knowledge gap:
The project aims to provide software which can be used instead of spreadsheets.

Policy issues:
Develop soil vapour guideline and analysis methodologies in Tier 2 guidelines.

Outcome and uptakes:
The initiative has saved millions of dollars across the environmental industry, not only in consulting fees
to calculate Tier 2 standards, but also in the amount of marginally impacted soils that are able to remain
in place because of the calculations obtained.
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Evaluating the Eco Toxicity of PHC F3 in Peat Soils vs. Mineral Soils (2010)
Researcher: George Dixon, University of Waterloo
Project Champion: Mike Morden, Suncor
Summary:
The Canada-Wide Standards (CWS) for Petroleum Hydrocarbons (PHCs) in Soil were developed through
toxicological studies that were conducted on an artificial mineral soil composed of 70% silica sand, 20%
kaolinite clay, and 10% Sphagnum peat with an organic matter content of 9%. Recent toxicity tests
however, suggest that earthworms may be less sensitive to the presence of PHCs in organic-rich soils as
compared to mineral based artificial soils. The focus of this proposal is to evaluate the toxicity of the F3
distillate of federated crude oil in low organic content (artificial mineral soil) and high organic content or
peat soils. The F3 fraction is selected for this work based on its abundance in both crude oil and diesel,
and its slow degradation relative to lighter fractions. The chronic toxicity bioassays would include two
invertebrate reproduction tests and three definitive plant growth tests. The species and endpoints used
would be the same as were used to develop the PHC CWS guidelines. The results of this study could
identify the need for development of PHC CWS F3 guidelines to address high organic content soils if F3
toxicity is found to be significantly lower in peat versus artificial mineral soil. CWS guidelines specific to
organic soils could decrease the need for remediation of marginally contaminated sites.

Knowledge gap:
The research aims to understand how much earthworms are sensitive to the presence of PHCs in
organic-rich soils as compared to mineral based artificial soils.

Policy issues:
The results of this study could identify the need for development of PHC CWS F3 guidelines to address
high organic content soils if F3 toxicity is found to be significantly lower in peat versus artificial mineral
soil. CWS guidelines specific to organic soils could decrease the need for remediation of marginally
contaminated sites.

Outcome and uptakes:
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The project was successful in answering and exploring the toxicity issues surrounding petroleum
hydrocarbons in an attempt to influence the newly changed standards to something less conservative.
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Distinguishing Natural Vs Petroleum F3 Hydrocarbons in Diesel invert Biopiles (2009-Ongoing)
Researcher: George Dixon, University of Waterloo
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
Program of Energy Research and Development (PERD), PTAC and Natural Sciences and Engineering
Council (NSERC) provided research funding to the University of Waterloo in 2008. PERD funding will
support a Canada-wide hydrocarbon field survey. The PTAC and NSERC funds were used to run
laboratory-scale experiments that specifically simulated crude oil spills in muskeg environments. This
five-month experiment documented the chemical signatures that are unique to crude oil and peat
sources. This data is being used to develop new methods for distinguishing hydrocarbons sources in
crude oil pipeline spill situations.
In contrast, this 2009 proposal will address a different contamination issue, which is also routinely faced
by the Canadian petroleum industry. Diesel invert biopiles are used to remediate petroleum
hydrocarbons by composting drilling waste with manure and bulking materials such as straw. However,
manure and straw are naturally rich in biogenic hydrocarbons. This 2009 study will document the unique
biopile hydrocarbon signatures, which is essential to meeting regulatory requirements by eliminating
false PHC guideline exceedances.
Knowledge gap:
Hydrocarbons are found in most environments and can originate from either petroleum or biogenic
sources such as peat, plant tissues and animal manure. Currently, the "Canada-Wide Standards for
Petroleum Hydrocarbons (PHCs) in Soil,” cannot distinguish between biogenic and petrogenic
hydrocarbons. Consequently, biogenic hydrocarbons would be mistakenly identified and regulated as if
they had originated from petroleum sources. Resolution of this problem could save the Canadian
petroleum industry millions of dollars annually by eliminating the unnecessary remediation and/or
disposal of uncontaminated soils and composting materials.
Policy issues:
The research aims to develop the F2:F3b ratio and the BOC-adjusted PHC F3 calculation in Tier 2
guidelines.
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Outcome and uptakes:
This study was the first part of a three part study. The other two studies were: 1) distinguishing Natural
vs Petroleum F3 Hydrocarbons in Crude Oil Contaminated Peat and 2) characterizing CWS PHC F2-F4
Concentrations and Patterns in Clean Soils. These studies produced a new approach to resolving false
detections of F3 PHCs in clean soils and compost. This new approach is referred to as the F2:F3b ratio
and the BOC-adjusted PHC F3 calculation.
The ultimate objective of this study was to develop a new approach to resolving false PHC detections
that could be incorporated into the existing CCME Reference Method for the Canada-Wide Standard
(CWS) for Petroleum Hydrocarbons in Soil. The F2:F3b ratio and the BOC-adjusted PHC F3 calculation
have been accepted on a Tier 2 case-by-case basis by Alberta Environment. Environmental consulting
companies have used the approach to delineate background vs contaminated soil boundaries in several
existing site remediation projects.
The Ontario Ministry of Environment (MOE) has invited the researcher to present the approach to the
Standards Development Branch on October 23, 2014 and the Laboratory Services Branch on November
5, 2014. The purpose of these meetings is to discuss how the approach can be implemented on a Tier 3
basis. The approach was well received by the Atlantic PIRI committee at June 2013 meeting in
Charlottetown PEI. The researcher also presented the study results at the CCME soils working group
meeting in Toronto, in November 2012. The approach was well received and will continue to be
discussed at their 2013 meeting.
This briefly summarizes how the diesel invert biopile study results are currently being used by industry,
consultants, and Alberta government, to exclude clean soils from remediation zones. Acceptance by
other provinces and the CCME is progressing as well.
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Study of the Fate and Transport of Calcium Sulphate (Gypsum) and Sodium Sulphate Concentrations
in Shallow Soil (2009-Ongoing)
Researcher: Tony Knafla, Equilibrium Environment Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The knowledge gained on sulphate-salt transport will provide a guidance tool for evaluating the sulphate
risk to surface soils and groundwater. This will also help the development of risk-based guidelines and
remediation procedures for sulphate-impacted soils, and allow land management recommendations to
prevent or remediate sulphate impacts. for instance, such recommendations could include tools to
evaluate whether the use of calcium sulphate, calcium nitrate, or calcium chloride poses a greater
environmental risk when treating a SAR-impacted soil, and whether the additional salinity from these
salts poses a greater risk than the original SAR-impacted soil. they could also provide guidance as to
when natural leaching of sulphate salts from the surface could provide a sufficiently rapid reduction of
sulphate-related soil salinity.
Knowledge gap:
To increase the level of knowledge regarding the environmental mobility of sulphates, particularly
calcium and sodium salts, in soil and groundwater.

Policy issues:
To provide recommendations for guideline development and land management practices given the
relative solubility and mobility of these salts in the soil environment.

Outcome and uptakes:
The project is in progress at the time of interview. for further information, please check PTAC`s website.
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Development of Risk-Based Environmental Assessment and Remediation Guidelines for Salt Releases
to Muskeg and Other Wetlands Settings (2008)
Researcher: Craig Harris, UMA Engineering Ltd.
Project Champion: Shawn Willetts, ConocoPhillips
Summary:
Focus on developing appropriate risk-based salinity guidelines for wetlands that have been impacted
primarily by produced water releases from pipelines. Activity in wetland areas and spill events are
relatively broad-based for industry operating in Alberta, and there is current policy development with
AENV regarding wetland impacts.

Knowledge gap:
To advance our scientific understanding of thresholds of effects for salt releases to wetlands ecosystems
in the northern settings of Canada’s prairie provinces and British Columbia.

Policy issues:
Existing salinity criteria are potentially overly conservative and not applicable since they were derived
from threshold effect levels to aquatic life in surface water bodies (lakes, rivers, etc.) and not wetlands.

Outcome and uptakes:
The phase one draft report for this project has been submitted. For further information, please view
PTAC`s website.
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Validation of Subsoil Hydrocarbon Criteria for Stratified Remediation at Upstream Oil and Gas
Facilities in Alberta (2008-Ongoing)
Researcher: Andrei Startsev, Alberta Research Council
Project Champion: Chris Meloche, Husky Energy Inc.
Summary:
The concept of stratified remediation for petroleum hydrocarbons (PHCs) refers to the application of
alternative remediation standards for varying soil depths at upstream oil and gas facilities in Alberta. The
surface soil criteria apply from the soil surface down through the soil profile, to a depth of either 1.5m
or 3m depending on the area of consideration. The subsoil criteria, which are less stringent, can be used
below the 1.5m or 3m depth. There is a need to validate the current Alberta Environment subsoil
guidelines by providing empirical evidence that regional deep rooted crops are not affected by critical
PHC concentrations in subsoil under drought conditions when the plants are forced to extract moisture
from depths below 1.5m. A soil column study was established in 2011, to validate these guidelines and
determine the phytotoxic effects of PHC contaminated subsoil on deep rooted crops.

Knowledge gap:
To provide empirical evidence to show that there are no phytotoxic effects on canola and alfalfa grown
in fine and coarse textured subsoil contaminated with F2 and F3 hydrocarbons at levels at or above
Alberta Tier 1 critical concentrations over four growing seasons in the greenhouse.

Policy issues:
Alberta Tier 1

Outcome and uptakes:
Up to now, the research has shown potential to change the relevant regulations and guidelines. This
project will be completed by the end of 2013, and the process of changing regulation may take an
additional two years. Alberta Energy Regulator will consider the results upon completion. The project
outcome will potentially save millions dollars and would decrease emissions and landfill usage.
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Refining the Analytical Protocols for Methanol, Amines and Glycols (2008)
Methanol, Amines, and Glycols Guideline (MAGG) Project (2006)
Chemical and Isotopic Characterization of Water and Dissolved Gases in Shallow Aquifers in the
Vicinity of Coal Bed Methane Operations in Alberta (2007)
Researcher: Bernhard Mayer, University of Calgary
Project Champion: Michael Gatens, Quicksilver Resources Canada Inc.
Summary:
Although production of coal bed methane (CBM) is a relatively recent industry in Alberta, it is
considered a vital new source of natural gas supply in Western Canada. However, there are significant
environmental concerns, some of them pertaining to the potential for contamination of shallow
aquifers. The chemical and isotopic composition of water and gases in shallow aquifers of Alberta is
poorly known. This is particularly troublesome since shallow groundwater in some areas has been
known to be gas-containing even before the commencement of CBM operations. The source of these
naturally occurring gases is not well understood. However, for reliably monitoring the potential impact
of CBM production on shallow aquifers it is essential that the chemical and isotopic compositions of
shallow groundwater are thoroughly known.
The objective of this project is to characterize the chemical and isotopic composition of shallow
groundwater in CBM-producing regions of Alberta. Leading-edge analytical techniques will be employed
to determine the chemical composition and the isotopic composition of water, dissolved ions, and
dissolved gases in shallow groundwater. The goal is to determine a) the chemical composition of natural
shallow groundwater before more widespread CBM operations commence, b) develop reliable sampling
and analysis techniques, and c) identify the sources of naturally occurring gas in shallow groundwater.
This information is crucial for future attempts to monitor potential contamination of shallow aquifers
with produced fluids or gases from CBM operations. Hence, the project will make an essential and timely
contribution to ensuring an environmentally sustainable extraction of coal bed methane, while
protecting precious freshwater resources in the shallow aquifers of the province.
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Knowledge gap:
Determine the chemical composition of natural shallow groundwater before more widespread CBM
operations commence, develop reliable sampling and analysis techniques, and identify the sources of
naturally occurring gas in shallow groundwater.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some unnecessary
remedial efforts throughout the petroleum industry. the development of accepted scientific studies to
reduce these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and
a reduction in remedial costs.

Outcome and uptakes:
This new methodology can be utilized to recognize the source of potential methane contamination in
wells, and is an improved method in examining water quality. However, since Coal Bed Methane
operations have decreased in Alberta, the application of this research has not been significant.
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Guideline Derivation for Soil Salinity below the Root Zone (2007)
Guideline Derivation for Soil Salinity below the Root Zone - Generic Salinity Risk Criteria Matrix
Refinement and Screening Decision tool Development (2006)
Development of Generic Site Assessment Criteria for Salinity below the Root Zone (2005)
Field Verification of Salinity Models Proposed for Developing Risk Based Salt Criteria in Soil (2003)
Researcher: Andrew Karvonen, MDH; Gordon Dinwoodie, Alberta Environment Anthony Knafla,
Equilibrium Environmental
Project Champion: Rob Staniland, Talisman Energy; Chris Meloche, Husky Energy Inc.
Summary:
Projects 2003-2005 and 2006:
This project evaluated the use of computer models to identify conditions under which salt below the
root zone will not pose a risk to receptors. Previous projects by Alberta Environment and the Canadian
Association of Petroleum Producers (CAPP) have identified models that are suitable for use in risk
assessment of salt transport. This research project used these models to identify the site factors that
influence salt movement below the root zone. Using model projections, the contractor developed a set
of generic site parameters that define conditions under which risk of salt movement is minimized. The
modelling predictions were confirmed by a field testing program. This project provided the basis for a
generic risk-based approach to assessing salinity below the root zone.
Project 2007:
This phase was required for completing a final phase for the development of subsoil salinity guidelines in
Alberta and finalizing the beta version subsoil salinity software tool for submission to Alberta
Environment. The scope of work in this proposal included:
-Two rollout workshops (in Red Deer, Alberta) for assisting industry (proponents, regulators, and
consulting groups) with using the subsoil salinity beta version software tool;
-Technical resource to provide industry with assistance in trouble shooting problems encountered with
the use of the tool (e.g., software conflicts, scenarios not addressed by the tool, etc.);
-Database management of input and output forms from the software tool, generated by industry, to
assist in identifying scenarios/situations where the software tool was used successfully and where
problems were encountered;
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-Revisions to the beta software tool to insure the majority of situations/scenarios in Alberta are
addressed; and,
-Summary report to ERAC highlighting situations whether the software tool was implemented
successfully, problems encountered, and revisions made to address these problems.

Knowledge gap:
To finalize the beta version subsoil salinity software tool for submission to Alberta Environment

Policy issues:
To develop subsoil salinity guidelines in Alberta

Outcome:
This project assisted in changing regulatory guidelines and led to the construction of a new tool (SST) by
Alberta Environment (SST), which helps industry save money. the development of this tool has become
the topic of several additional research projects within PTAC.
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Distinguishing Natural Vs Petroleum F3 Hydrocarbons in Oil Spill Impacted Muskeg Material (2007)
Researcher: George Dixon, University of Waterloo
Project Champion: Chris Meloche, Husky Energy
Summary:
Science has established that hydrocarbons can originate from ancient petroleum deposits as well as
from newly biosynthesized plant and animal materials. Petrogenic (Petroleum) hydrocarbon (PHC)
sources include crude oil, diesel fuel, motor oil, etc. Biogenic Hydrocarbon (BHC) sources include plant
tissues, animal waste, sewage sludge, etc. However, the current CCME Canada-wide Standards for
Petroleum Hydrocarbons assume that all detectable hydrocarbons originate from petroleum sources. in
reality, uncontaminated organically rich soils (e.g. muskeg peat) could routinely recover BHCs as well as
PHCs under the mistaken assumption that they had all originated from petroleum sources. In the case of
oil spill impacted areas, this misconception could potentially lead to the unnecessary and costly
excavation and/or remediation of these areas.
This research included bench scale contamination experiments that documented unique BHC and PHC
chemical signatures. This data may then contribute to the enhancement of the current CCME protocol
by allowing BHCs and PHCs to be correctly identified and regulated in future environmental evaluations.
Knowledge gap
Not available.
Policy issues:
Not available.
Outcome and uptakes:
This project has helped to refine methodologies regarding scale contamination of BHCs and PHCs.
Currently, Husky is using the refined methodology in its practices.

Validation of Subsoil Hydrocarbon Criteria for Stratified Remediation At Upstream Oil and Gas
Facilities in Alberta: Field Study (2007)
Researcher: Andrei Startsev, Alberta Research Council
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Project Champion: Chris Meloche, Husky Energy
Summary:
Alberta Environment PHC guidelines for subsoil were tested in a field study for adequate protection of
crops and invertebrates. At least 6 sites were selected based on the following criteria: 1.) PHC
concentration in subsoil is at or near the critical value; and 2.) fine and coarse soil types should be
equally represented. Same deep-rooted crop (such as canola) will be seeded at the sites in the first year.
At each site, a 5m2 plot was harvested and yield measured in 3 locations within 15 m from wellhead; in 3
locations in the rest of the lease area; and in 3 locations in undisturbed farmland adjacent to the lease.
At least 3 soil cores 2 inches in diameter were extracted from each harvested plot to count roots and
invertebrates to 3 m depth. In the second year, each site was seeded to another crop or to the same
crop depending on weather and other contingencies as well as on whether the first year sample size was
sufficient for statistical analyses. The harvest and sampling procedures in the second year repeated
those in the first year. Lack of significant PHC effect on crop and invertebrates is an indication of
adequate protection by Alberta Environment guidelines.
Knowledge gap:
Not available.
Policy issues:
Not available.
Outcome and uptakes:
The criteria in Tier 1 did not distinguish between subsoil and surface soils, thus, the guideline has
provided the same test and criteria. The research aimed to make a distinction between these two
groups. This project has the potential to change regulatory guidelines, but to do so it requires more
research.
Validation of Toxicology Test Methods for Assessing Petroleum Hydrocarbon and Brine Spills in Boreal
Forest and Taiga Eco-Zone Soils (2006)
Researcher: Rick Scroggins, Environment Canada
Project Champion: Julie Roy, Imperial Oil
Summary:
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Since 2003, a number of studies funded through the Program of Energy Research and Development
PERD boreal forest method development project have been completed to identify species and to initiate
culture and test method research using ecological-relevant species representative of non-agricultural
Canadian eco-zones. Test methods for six terrestrial plant species of the Canadian boreal forest ecozone have been developed and are currently being refined. For terrestrial soil invertebrates, candidate
test organisms which inhabit the LFH and mineral soil horizons of boreal forests have been selected but
test method development is currently underway.
In early 2006, planning and logistics for the collection of PHC and brine-impacted soils from a forested
site in northern Alberta has occurred. Staff from the soil toxicology laboratory of Environment Canada’s
Environmental Technology Centre (ETC) in Ottawa arranged and led the various tasks involved in soil
collection. Site selection, initial soil characterization and actual soil collection was coordinated with
Devon Canada staff. Reference soils that have similar soil characteristics to the impacted soils was
identified and collected during the same soil sampling effort. The soils were collected in two different
ways: 1) as a bulk soil collection of the different forest horizons (LFH, A-horizon and B-horizon), and 2) as
intact soil cores covering the same three soil horizons. Throughout 2006, testing with various standard
and boreal forest plant and invertebrate species has been conducted. The toxicity of the PHC and saltimpacted soils was first assessed using the three standardized Environment Canada tests using
earthworm, springtail and terrestrial plant species. The different forest soil horizons were re-assembled
in the various test containers in the appropriate layers and proportions. Boreal forest species testing
was started with the measurement of emergence and early seedling growth of the six woody and
herbaceous species and survival, avoidance and, possibly reproduction of the two earthworm species.
The next round of testing was included collembolan survival and reproductions testing using three
boreal forest species and survival and, possibly reproduction testing using a number of candidate
oribatida mite species. Testing was initially be performance tests with reference soils where the various
forest soil horizons had been re-assembled in layers in each test container. The next step was to
conduct a set of full serial dilution tests on the PHC- and brine-impacted soils.
Knowledge gap:
To identify and collect suitable forest soils impacted by petroleum hydrocarbons (PHC) and brine from
produced water spills for testing; to assess the performance of the new boreal forest species and test
systems through testing of PHC- and saltwater-impacted soils; and to compare the results generated
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through testing with the standardized Environment Canada soil toxicity species and the new boreal
forest species on the PHC- and brine-impacted soils as part of method validation.
Policy issues:
Redefine method research using ecological-relevant species representative of non-agricultural Canadian
eco-zones.

Outcome and uptakes:
The draft of the Tier 2 Eco Contact guideline has been created based on the outcome of this project.
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Imaging the Fate and Transport of a Salt Spill during Remediation with Time-Lapse Electrical Resistivity
(2004 to 2006)
Researcher: Laurence R. Bentley, University of Calgary
Project Champion: Stuart Lunn, Imperial Oil
Summary:
The purpose of the study was to develop protocols for assessing the distribution and evolution of salt in
soils and groundwater using repeated electrical surveys. Electrical resistivity imaging (ERI) and induced
polarization (IP) was used in integrated interpretations to identify areas of elevated salt concentrations
and helped separate out the effects of geological heterogeneities. These two types of surveys can be
applied from the surface to produce three-dimensional interpretations of the subsurface. It was our
intent to provide detailed maps of the subsurface at a sequence of times over 3 years in order to
monitor remediation progress of soils and groundwater containing high concentrations of salt.

Knowledge gap:
To provide real-time monitoring of remediation progress, identify problem areas for early intervention,
lead to improved remediation design, reduce uncertainty and reduce risk.

Policy issues:
To develop protocols for assessing the distribution and evolution of salt in soils and groundwater using
repeated electrical surveys.

Outcome and uptakes:
This project helped to identify the main sources of salt in the environment. The tool (ERT) has been
completed and refined based on the outcome of this project, which assists those at field sites in
mapping out salt levels. (Key outcomes: ERT tool)
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Field-Scale Assessments of the Phytoremediation of Weathered Hydrocarbons in Soil (2005)
Field-Scale Assessments of the Phytoremediation of Weathered Hydrocarbons in Soil (2004)
Researcher: James Germida, University of Saskatchewan
Project Champion: Maria Campbell, Talisman Energy
Summary:
Phytotechnologies involve the plant–assisted bioremediation of contaminants and are essentially a form
of ecological engineering that depends on natural, synergistic relationships among plants,
microorganisms and the environment. Since 1998, we have been working in concert with the
Environmental Biotechnology Applications Division of Environment Canada and industry partners to
assess the utility of plants in a remediation capacity under prevailing Canadian environmental conditions
and associated regulatory oversight. the results of this work indicate that to fully exploit and use
phytoremediation we need to gain a better understanding of: (i) the pool of phytoremediation species
found in Canada; (ii) how phytoremediation operates under unique Canadian climatic conditions; (iii) the
mechanisms employed by phytoremediator plants to restore contaminated sites; and (iv) the agronomic
requirements needed to maximize phytoremediation as an efficient and cost-effective cleanup
technology. So, while there is clear recognition that phytotechnologies have the potential to play an
important role in future remediation strategies in Canada, there remains a critical need for ‘field
performance data’ to verify this potential, as well as to assess its limitations and determine appropriate
uses of the newly emerging phytotechnologies. The long-term objective of this study is to establish field
research sites in Saskatchewan and Alberta to assess and demonstrate the utility of phytoremediation as
a means of reducing petroleum hydrocarbon levels in oil-contaminated soils to environmentally
acceptable endpoints.
Knowledge gap:
To increase our understanding of how plants contribute to the degradation and containment of PHCs
and to address the challenges faced by phytoremediation systems under the prevailing field conditions
of the site.
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Policy issues:
To develop recommendations to overcome these challenges and implement effective phytoremediation
strategies for Western Canada.

Outcome and uptakes:
The project helped to evaluate the effectiveness of the existing method. Thus, its influence was greater
upon methodology change than policy change.
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Environmentally Acceptable Endpoints for Weathered/Aged (Residual) Petroleum Hydrocarbons
CCME CWS Fraction F3 in Soil (2005)
A Re-Evaluation of the toxicity of CCME Petroleum Hydrocarbon Fraction 3, and interaction Effects
between Fractions (2004)
A Re-Evaluation of the toxicity of CCME Petroleum Hydrocarbon Fraction 3, and Interaction Effects
between Fractions (2003)
Researcher: Suzanne Visser, University of Calgary; George Dixon, University of Waterloo; Miles Tindal,
Axiom Environmental
Project Champion: Ed Osborne, Conoco; Julie Roy, Imperial Oil; Chris Meloche, Chevron Canada
Resources
Summary:
Phase one:
Canada Wide Standards (CWS) for petroleum hydrocarbons (PHCs), released by the Canadian Council of
Ministers of the Environment(CCME)in 2001, are based on PHC fractions with F1=C6-C10; F2=>C10-C16;
F3=>C16-C34 and F4=>C34. Results from research conducted in Phase 2 of the PTAC study,
"Environmentally Acceptable Endpoints for Residual Unrefined PHCs in Soil", indicate that, in finegrained, surface soils, the guideline for F3 PHCs (800 mg/kg) may be too conservative, and that PHC
residuals which exceed the F3 level may not pose and ecotoxicological risk. The aforementioned study
concentrated on sandy and loam soils; clay soils were not considered in detail. Since many PHCcontaminated soils are predominantly fine-textured clay (e.g. flare pit wastes), and since soil texture is
important in determining the stability and biological availability of PHC contaminants, the project
evaluated the environmental risk associated with stable PHC residuals in clay soils.
Phase two:
Both the toxicity of Fraction 3 (F3) and the potential for interactions among fractions have been
identified as areas requiring study for the Canada-wide Standards for Petroleum Hydrocarbons in Soils
(PHC CWS). The current ecological receptor values for F3 are thought to be overly conservative. Fraction
3 spans a relatively large n-alkane boiling point range, and it is believed that the toxicity for whole F3 is
not reflective of the toxicity of the higher molecular weight constituents that remain in soils following
weathering and/or remediation. The phases aimed to address these issues.
Phase three:
The Canada-Wide Standard for Petroleum Hydrocarbons in Soil (PHC CWS) was released in May 2001,
and has proved a useful tool for managing many hydrocarbon-contaminated sites. However, it is
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becoming apparent that the application of the PHC CWS guidelines has some significant limitations
when applied to weathered and aged hydrocarbons in soil. The preferred method of managing
hydrocarbon contamination at upstream oil and gas sites is to bioremediate the hydrocarboncontaminated soil. Typically, bioremediation is effective at reducing PHC fractions F1 and F2 below PHC
CWS guideline levels, and at many sites, F4 is below guideline levels anyway. Bioremediation is usually
successful at reducing F3 concentrations to a certain extent, but eventually an endpoint is reached
where no further bioremediation occurs. This may occur while F3 concentrations are still above PHC
CWS guideline levels. Studies have indicated that in some cases these residual concentrations of F3,
while above PHC CWS guidelines, are actually non-toxic to plants and soil invertebrates. Currently, a
manager has the option to conduct site-specific toxicity testing on biotreated soils to determine
whether residual F3 concentrations are still toxic. However, site-specific toxicity testing can be an
expensive and lengthy process. This project seeks to develop a more easily applicable solution to this
issue by examining the relationship between toxicity and the concentration of bioavailable hydrocarbon.
The current application is for phase two of this project.

Knowledge gap:
Access to data that may support more refined benchmark values for petroleum hydrocarbons in the
current fraction 3 range. This may allow more sites to be treated by stimulated bioremediation and thus
reduce the amount of soil that needs to be sent to landfills. Soil is a valuable commodity that should be
conserved. The results of this study aim to show that fertile and productive soil is not wasted because of
inaccurate determinations of contamination. Access to additional data on the uptake, dissipation
kinetics, and ecotoxicity of individual and combined petroleum hydrocarbon fractions in soil might prove
useful in risk assessments of contaminated sites.
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Policy issues:
The data from this project might be used in the re-evaluation of the CCME Canada-wide Standards for
Petroleum Hydrocarbons in Soils scheduled for 2003, and again in 2008. The data on fraction
interactions might be considered for incorporation into a Tier 2 guide for contaminated site. This project
results might be useful to regulators. these values will be protective of the soil environment for
ecological receptors, and might be technically achievable using current remediation technologies,
especially those for the higher molecular weight subfraction of F3. The results might decrease the loss of
productive soils to landfills and extend the lifespan of the existing landfills

Outcomes and uptakes:
Based on these projects, PTAC has been nominated twice for the prestigious Emerald Award. These
projects have saved millions of dollars for industry by decreasing the criteria of regulatory guidelines.
The information gathered on potential interaction effects ensured that the regulatory values were
protective of ecological receptors in the soil environment and resulted in modifications to the current
Canada-Wide Standards for Petroleum Hydrocarbons at a Tier 2 level.
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Compost Amendment of Oil Field Waste to Remediate High Concentrations of Petroleum
Hydrocarbons F3 and F4 Fractions (2004)
Researcher: Katharine Cross, Komex
Project Champion: Stephanie McIntrye, Northrock Resources
Summary:
The research relates to the feasibility of using compost amendment to treat soils contaminated with
very high concentrations of large molecular weight petroleum hydrocarbons from sites associated with
oil and gas production. The study developed a more fundamental characterization of the complex
mixture of amendment and contaminated soil initially and during bioremediation using GC/MS analysis.
Knowledge gap/Policy issues:
Not available.
Outcome and uptakes:
This project helped both industry and government to refine their understanding of remediation
techniques.
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Monitored Natural Attenuation for Upstream Oil and Gas industry (2003)
Researcher: James Armstrong, Komex
Project Champion: Lois Garret, Devon
Summary:
This CAPP-funded research forms part of a larger research program titled “Consortium for Research on
Natural Attenuation” (CORONA) for the Upstream Oil and Gas industry in Alberta. The principal goal of
CORONA is to help the upstream oil and gas industry gain regulatory and public acceptance of NA as a
valid remediation alternative. Research is directed to assessing natural attenuation of contaminants
associated with oil and gas production under typical Alberta conditions (cool temperatures, fine-grained
soils and fractured bedrock). included in this objective is providing regulators and site owners with
guidance to assist with effective implementation of the process at similar sites.
The CAPP-sponsored research forms part of the second and fourth stages of the overall CORONA
program summarized below:


Review of current conditions relating to Natural Attenuation (NA) at upstream sites;



Selection and detailed evaluation of demonstration sites;



Evaluation of NA viability as a remediation approach; and,



Development of NA guidelines.

Knowledge gap:
Critical evaluation of natural attenuation as a remediation approach, examination of the end point and
rate of remediation, development of protocol for using natural attenuation for remediation and identify
sites where active remediation should be used

Policy issues:
Critical evaluation of natural attenuation as a remediation approach, improve understanding of natural
attenuation processes (timeframe and remediation endpoints), development of protocol for natural
attenuation at Alberta oil and gas site, provide supporting evidence for natural attenuation guideline
and help identify site characterization and monitoring data needs
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Outcome and uptakes:
The project has provided scientific support, as required by the government, for current industry
practices. Alberta Environment has revised a Tier 1 guideline based on the outcome of this project.

84

Improved Methods of Evaluating Revegetation for Determining Reclamation Success on Cultivated Land
(2003)
Researcher: Heather Sinton, Alberta Environment
Project Champion: Rob Staniland, Talisman Energy; Jody Spady, Husky Energy Inc.
Summary:
The current Reclamation Criteria for Well sites and Associated Facilities – 1995 Update uses revegetation assessment methods (species composition, health, plant cover and density) that may not
accurately reflect crop/forage yields in some situations. Farmers are complaining that sites that pass
reclamation criteria (e.g., 80% plant density/height) often yield less 80% of the yield on adjacent lands.
There is a need to develop improved vegetation assessment procedures that accurately measure
yield/productivity indicators.

Knowledge gap:
To improve the quality of re vegetation assessments to assure the accuracy of information

Policy issues:
To recommend refined protocols for conducting assessments (including the selection of appropriate
controls) to support/enhance the 1995 Reclamation Criteria for Wellsites and Associated Facilities

Outcome and uptakes:
The literature review identified more than two dozen reports, guidelines and other documents. A good
percentage of the questionnaires were returned and, based on those, in-depth interviews were
conducted with about 10 people. The final report added valuable knowledge to the industry.
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Testing Remediation Techniques for Salt Affected Sites (2003)
Researcher: Nancy Finlayson, Matrix Solutions Inc.
Project Champion: Julie Roy, Imperial Oil
Summary:
PTAC invites vendors, producers, researchers and regulators to participate in research aimed at
improving the cost-competitiveness and reliability of technologies used to remediate salt-affected soil
and groundwater. The goal of this RFP is to generate proposals for applied scientific research that
focuses on improving the performance and reliability of either one of the following technologies:


Removal of Na+ and Cl- ions from soil by leaching (considering options such as amendments,
electrical current, ion exchange resins, drainage, irrigation with saline water, design of mobile
leaching cells, etc.)



Removal of Na+ and Cl- ions from soil by phytoextraction



Recovery of salt-impacted groundwater by water recovery trenches and vertical water recovery
wells



Recovery of salt-impacted groundwater by salt-loving phreatophytes (i.e. plants that draw water
from permanently water-saturated zones in soil)

Knowledge gap:
Improving the cost-competitiveness and reliability of technologies used to remediate salt-affected soil
and groundwater

Policy issues:
Amending the Salt Contamination Assessment and Remediation Guidelines (Alberta Environment 2001)
and the Canadian Environmental Quality Guidelines (CCME, 1999)

Outcome and uptakes:
This project has helped industry redefine and redesign their remediation techniques.
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CHAPTER TWO: Water Projects
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Introduction to Water Projects:
Between 2009 and 2013, a total of 14 projects were funded by AUPRF through the Water innovation
Planning Committee (WIPC). Out of the 14 projects, the practical, regulatory and scientific implications
of 10 projects were analysed. Four remaining projects at time of publishing were in the early stages of
development. All 14 projects have been listed, including the policy issues and knowledge gaps that led
to the initial introduction of the projects, as well as the outcomes and possible outcomes.
AUPRF Water projects have made significant contributions to industry and the existing knowledge base.
While some projects under the WIPC remain ongoing and their effect still unknown, many of the
completed projects have profoundly impacted industry. For example, the recent “Modern Practices of
Hydraulic Fracturing" report published in 2012, was cited three times in peer-reviewed academic
journals in the short amount of time it has been available to the public. Another success story from the
WIPC is the “Frac Water Recycling Feasibility Study and Decision tool” which received significant
attention from firms such as Schlumberger because of its applicability in the field.
Detailed project information is included in the individual summary pages below, while a list of the major
outcomes of PTAC Water projects can be found in below:


Development of a Risk-based Criteria for the Treatment of Saline Water from Source Wells



Frac Water Recycling Feasibility Study and Decision tool



Emergency Surface Water Pond Treatment Technology



Sustainable Frac© Water and Produced Water Treatment and Cycle-Phase one and Phase two
Pilot Testing



Integrated Assessment of Water Resources for Unconventional Oil and Gas Plays, West-central
Alberta



Direct and indirect Environmental Risks of Hydraulic Fracturing and Associated Additives



Assessment of the Practicality of Reusing Treated Produced Water from Shallow Gas Wells of
the Western Canadian Sedimentary Basin



Chemical and Isotopic Characterization of Water and Dissolved Gases in Shallow Aquifers in the
Vicinity of Coal Bed Methane Operations in Alberta



Beneficial Use of Pre-treated Produced Water and Related Salt Impacted Waters Using
Advanced Ceramic Membranes
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Integrated Assessment of Water Resources for Unconventional Oil and Gas Plays, West-Central
Alberta (Phase Two) (2013- on Going)
Targeted Regional Water Inventory Project (TRWIP) in Alberta's Key Unconventional Oil and Gas Areas
(Phase one) (2012)
Researcher: Brad Hayes, Petrel Robertson Consulting Ltd.
Project Champion: Scott Hillier, ConocoPhillips
Summary:
Unconventional gas and oil development depends upon access to large volumes of water for
completions operations. At the same time however, water use is a concern to all parties including
stakeholders and the water resource must be carefully managed. Knowledge of water availability and
interactions between surface and groundwater will prevent conflicts, and support science-based
decision-making and thoughtful development. However, appropriate water use solutions tend to vary
across resource plays and therefore require a regional approach.
Knowledge gap:
There are dozens of regulations in place to protect groundwater resources during all stages of shale gas,
tight gas, and tight oil development. There is little field monitoring to support the understanding that
these regulated practices are sufficient to protect local groundwater. Upcoming amendments to the
Water Conservation and Allocation Policy/Guideline for Oilfield injection will likely include additional
requirements for proponents to consider when applying for licenses to use non‐saline water. One of
these requirements is likely to complete an environmental net effects assessment of the various water
source alternatives. There are no assessment tools developed to complete this evaluation.

Policy issues:
Protection of groundwater quality and quantity during development of unconventional oil and gas
resources in the Western Canadian Sedimentary Basin. Assessment of alternate sources of water for
unconventional oil and gas development considering the entire life cycle.
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Outcome and uptakes:
The main outcome of the project will be a database which will be available for the industry and
government. As mentioned above, there is no united tool and database that is able to help the industry
evaluate its water usage process. This lack causes two major problems: 1) increasing the cost of having
the appropriate information, and in turn hampering a small size company’s access to appropriate data 2)
making communication harder between the industry and the government. These two projects have
mainly tried to address these problems. The second phase is not completed yet. (Key outcomes:
Facilitating communication between involved parties and new assessment tool).
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Development of a Risk-Based Criteria for the Treatment of Saline Water from Source Wells That
Would Allow Storage in Unlined Earthen Pits and Transportation via Overland Pipelines (2013Ongoing)
Researcher: Ian Mitchell, Millennium EMS Solutions Ltd.
Project Champion: Jennifer Ezekiel, Encana
Summary:
The project is intended to develop risk-based criteria for the treatment and storage of saline water in
unlined earthen pits and transportation via overland pipelines in the Pipestone and Gordondale areas of
Alberta.
Knowledge gap:
Upcoming amendments to the Water Conservation and Allocation Policy/Guideline for Oilfield Injection
will likely include additional requirements for proponents to consider when applying for licenses to use
non‐saline water. One of these requirements is likely to complete an environmental net effects
assessment of the various water source alternatives. There are no assessment tools developed to
complete this evaluation.
Policy issues:
Assessment of alternate sources of water for unconventional oil and gas development considering the
entire life cycle
Outcome and uptakes:
The project has had three phases: 1) reviewing the literatures to understand what has been done up to
present 2) modeling: understand the criteria 3) field level. The outcome of phase two was supposed to
be used in phase three, however, as time passed, researchers noticed that the outcomes of phase two
were not testable in the field because of financial, environmental (the possibility of contamination), and
ethical reasons. The scope of projects has therefore changed, and now the prediction is that the tool
would be ready to be used by 2014.
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Sustainable Frac Water and Produced Water Treatment and Cycle- Phase One and Phase Two Pilot
Testing (2011 and 2012)
Researcher: Sarah Fulton, PennWest Exploration, Applicant: V. Martez, SAIT, Energy and Environment
Project Champion: Sarah Fulton, PennWest Exploration
Summary:
The overall purpose of the project is to develop and test a system for secondary process wastewater
treatment comprising produced water and frac-water flowbacks (from drilling) to support beneficial
recycle and reuse. The project was divided in two phases. Phase one focused on Technology selection.
Phase two was dependent on the outcome of Phase one. Since Phase one is the focus of this project, the
key outcomes of the Phase one are;
1) A Final report was prepared by PennWest and SAIT to address a critical knowledge gap on adaptable
existing efficient and new clean technologies
2) The joint participation between Penn West and SAIT resulted in a technical forum, presentation and
technical publication that are anticipated to benefit the oil and gas industry.

Knowledge gap:
A considerable knowledge gap exists currently in adapting suitable treatment technologies in process
waste water treatment comprising frac-flow backs and produced water. This is because there is no
single treatment technology to clean up complex dissolved constituents such as salt based cations and
anions, heavy metal, and toxic organic compounds. The project is expected to address this critical
knowledge gap on adaptable a) existing and efficient technologies and b) new clean technologies for the
beneficial reuse/recycle of frac-flowbacks and produced water streams.

Policy issues:
The final impact will be the implementation of the triple bottom line (environmentally responsible,
economically sound and socially acceptable) decision making which will lead to sustainable produced
water treatment solutions.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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The Modern Practices of Hydraulic Fracturing (2011)
Researcher: Dan Arthur, P.E., SPEC, ALL Consulting
Project Champion: Scott Hillier, ConocoPhillips
Summary:
The subject of hydraulic fracturing, especially high-volume hydraulic fracturing associated with
unconventional gas development, has created concerns over risk to human health and the environment.
This has led several producers, as well as service companies and chemical manufacturers, to seriously
consider the use of fewer and greener additives. However, defining and understanding the risks
associated with fracturing and associated additives are still developing. This research looks at how
hydraulic fracturing works, how it is regulated by government, and the best management practices
industry uses to address potential environmental and human health risks from hydraulic fracturing. The
report concludes that while the risks associated with hydraulic fracturing are very small due to
government regulations and advanced technology, the use of best management practices by industry
reduces and mitigates those risks that remain. The report points out that many of the concerns raised
about hydraulic fracturing are related to the production of oil and gas, but are not directly related to the
act of hydraulically fracturing a well.
Knowledge gap:
Study of comparison of the benefits (social and economic) to Alberta on the basis of water use/boe,
water use / surface area footprint

Policy issues:
Socioeconomic Study of the Public's Perception of industry's Water Use.

Outcome and uptakes:
The report has been published by PTAC and SCEK and it is available on PTAC, CAPP, SCEK and SPE
websites to download. The report has received three citations in academic peer-reviewed journals. It
can be considered a success for a non-academic report which was just recently published (June 2012)
and became available for public.

Through definition and improved understanding of the risks associated with hydraulic fracturing and
fracturing fluids, the industry has enjoyed some benefits. The main benefit of the project is providing a
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solid ground for industry, governments (provincial and federal), and the public to communicate, of
which ultimately will help develop more appropriate strategies, and pass policies for future
development of the hydraulic fracturing industry.
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Fracturing Fluid Flow Back Reuse Feasibility Study and Decision tool
Researcher: John Boysen, BC Technologies (2011)
Project Champion: Keith Minnich, Alberta Water Smart
Summary:
Water has become a major economic factor in current fracturing technologies. The industry has learned
that water need not be fresh, but may be reused if the chemistry is correct or can be adapted. This
project identified a methodology, in the form of a Decision Tree, Guidance Manual, supporting
Appendices, and Case Studies, so that producers can work with service companies to determine the
limiting factors, and mitigation or control scenarios for using water with high salinity for making up
fracturing fluid. The methodology and technologies that have been suggested incorporate the science
and practice of hydraulic fracturing with fracturing fluid management and treatment technologies.
Knowledge gap:
It will focus on recycling and reuse of frac flow-back water, and will assess the benefits and limitations of
each technology from an environmental, technical and cost perspective.
Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some unnecessary
remedial efforts throughout the petroleum industry. the development of accepted scientific studies to
reduce these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and
a reduction in remedial costs.
Outcome and uptakes:
The main outcome of the project is a decision tree which is available on CAPP and PTAC website. Some
companies such as Schlumberger are currently using the decision tree. The project could have some
impacts on policy but it has not happened yet.

Assessment of the Practicality of Reusing Treated Produced Water from Shallow Gas Wells of the
Western Canadian Sedimentary Basin (2010)
Researcher: James Douglas, ConocoPhillips
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Project Champion: Scott Hillier, ConocoPhillips
Summary:
In many areas of the province, the oil and gas industry is under pressure to reduce its use of fresh water
(non-saline). This pressure exists in spite of the fact that the industry uses less than 10% of the available
water supply (both surface and groundwater) through its activities. Alberta’s oil and gas industry
generates millions of cubic meters of produced water on an annual basis. The majority of this produced
water is required by regulation to be re-injected back into the formations from which it came; either to
enhance oil production, or to maintain reservoir pressure. Alternatively, this produced water is sent to
Alberta Energy Regulator (AER) approved disposal wells. The project aims to provide insight to the
potential to re-use produced water for a beneficial use within the water scarce area of southern Alberta.
The research has evaluated the treatment of produced water by electro-dialysis reversal and the various
limiting factors that are encountered in regards to the current regulatory requirements, stakeholder and
company acceptance, cost, and the potential for liability associated with this practice.
Outcome and uptakes:
The first phase of project has been funded by ConocoPhillips. The outcome of the project was provided
to PTAC and Environmental Services Association of Alberta (ESAA) through a presentation. The
researcher applied to get sponsorship from PTAC for the next phases, but the application was not
successful. However, since the researcher is a ConocoPhillips employee, the research has been
sponsored and completed by ConocoPhillips, and the project was provided to academia in form of
Masters theses. The results of the research were significant; however, an additional pilot project is
needed to verify the outcomes.
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Risks to Groundwater from Oil and Gas Drilling and Completion (2010-Ongoing)
Researcher: Catherine Main, Alberta Innovates - Technology Futures
Project Champion: Marc Dubord, Cenovus
Summary:
Several recent, high profile cases have been making news in Alberta, with land owners stating that oil
and gas operations have impacted the quality of their water wells. Consultant investigations into these
complaints have generally indicated that CBM operations did not impact the water wells; however the
results were not entirely conclusive. The perceived impacts from oil & gas drilling and completions
activity may be far greater than documented cases where impacts have been shown to have or likely to
have occurred.
ARC will compile a list of documented cases of impact to shallow groundwater from drilling and
completions activities in the Alberta Basin. The two major sources for this information will be AENV and
the AER. ARC has worked extensively with the groups responsible for water well complaints at both of
these organizations, and has a very good working relationship with both. An additional source of
information is directly from energy companies. ARC will contact and interview the personnel responsible
for handling water well complaints from several energy companies, and will also attempt to document
suspected or likely cases of groundwater impact from drilling and completions activities in the Alberta
Basin.
Knowledge gap:
Study of comparison of the benefits (social and economic) to Alberta on the basis of water use/boe,
water use / surface area footprint

Policy issues:
Assessment of risks to shallow groundwater from the drilling and completion of oil and gas wells

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Water Well Testing Prior to Drilling (2010-Ongoing)
Researcher: Catherine Main, Alberta Innovates - Technology Futures
Project Champion: Marc Dubord, Cenovus
Summary:
In April 2006, Alberta Environment instituted standards for baseline water well testing for coal bed
methane/natural gas in coal operations. This was followed by gas sampling requirements for baseline
water well testing for coal bed methane/natural gas in coal operations in June 2006. This standard (and
its ERCB D35 counterpart) directs companies to yield test and sample water and gas from domestic
water wells within 600 m of new CBM wells.
Jurisdictions in the USA do not have any legislated requirement for companies to perform pre-drilling
water well testing (with the exception of Colorado). Many companies elect to do testing of water wells
prior to CBM drilling. The research by the Alberta Research Council (ARC) will examine the pre-drilling
water well testing (both legislated and voluntary) in other jurisdictions, predominantly within the basins
in the USA. The research will also examine the appropriateness of using domestic water wells as
sampling points given the unknown and variability associated with these wells. The variability of
domestic water well data for the San Juan, Piceance, and Raton Basins in the USA will be examined.
Some temporal data from the Alberta D35 water well testing also exists and may be available for
analysis. Variability of data from domestic water wells will also be compared to the variability measured
in dedicated monitoring wells from Alberta and the western USA basins.

Knowledge gap:
Review of pre-drilling water well testing in different jurisdictions, appropriateness of using domestic
wells as sampling points.

Policy issues:
Water well testing prior to drilling

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
Emergency Surface Water Pond Treatment Technology (2009)
Researcher: Bill Berzins, Fossil Water
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Project Champion: Marc Dubord, Cenovus
Summary:
There are over 1,000 gas facilities throughout Alberta, comprised of both of sweet and sour processing
plants; some which are regulated only by the AER, and others which are jointly regulated by AER and
Alberta Environment (AENV). Gas plant facilities are located in the Northern, Central and Southern
regions of Alberta, having surface water runoff retention ponds ranging in size from 100 m3 to 35,000 m3
depending on regional rainfall statistics and the runoff capture area. Under ERCB Directive 55iv or a
specific facility approval issued under the Environmental Protection and Enhancement Act (EPEA),
facilities must construct a series of ditches that capture and direct runoff into a surface water retention
pond. in this report, ‘surface water runoff’ is defined as the precipitation that accumulates on site and is
directed into a retention pond . These ponds are then tested to ensure that the surface water is not
contaminated prior to release into the environment.

Knowledge gap:
Alberta Environment occasionally receives calls from companies requesting permission for an
emergency release due to runoff ponds being full with potential to overflow the dykes. Most often,
these situations are either a result of heavy rainfall that is beyond the capacity of the runoff system, or
inadequate pond management where the pond has not been managed to the handle runoff event. in
these situations, unless the company has applied for an amendment to their approval, the companies
are advised that they cannot be granted permission.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some unnecessary
remedial efforts throughout the petroleum industry. the development of accepted scientific studies to
reduce these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and
a reduction in remedial costs.

Outcome and uptakes:
The purpose of this study was to identify the following:
-

Number of oil and gas industry surface water runoff releases and emergency discharges yearly;
Quality and quantity of wastewater released;
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Confirm there is sufficient demand to warrant companies having access to mobile treatment
equipment to handle emergency situations;
Recommend solutions to technological and/or service industry shortfalls and;
-

Ultimately, the goal was to reduce the potential for contaminant releases and increase the quantity
of water that is treated and safely returned to the surface water cycle.

The project could have had a greater impact on the community and PTAC`s shareholders. However,
because of lack of good communication between CAPP members, the massage of the project did not get
outside properly.
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Beneficial Use of Pre-Treated Produced Water and Related Salt Impacted Waters Using Advanced
Ceramic Membranes (2009)
Researcher: Vita Martez, SAIT
Project Champion: Tom Pye, Husky
Summary:
The overall objective of this research project is to conduct a comparative performance assessment on a
new class of advanced ceramic materials, and test the most optimum ceramic membrane system for
produced water and related salt impacted waters. This research project used a combination of bench
and pilot scale experiments in order to determine the efficacy of the novel and advanced ceramic
membrane technology with a view to provide pragmatic and timely pre-treatment solutions to industry
for the beneficial produced water and salt impacted water recycle and reuse. The scope of the research
project involved the application of these advanced ceramic membranes (three types with different
structure and pore sizes) in order to conduct a comparative technology performance evaluation of their
use in water pre-treatment.
Knowledge gap:
An examination of the considerations necessary (effort/expense) involved in converting to saline water
source for use in EOR injection particularly given the age of some of the fields.
Policy issues:
Water Use by industry (Saline and Non-saline).
Outcome and uptakes:
The lab work has been completed; however a field project must be undertaken to follow-up. The central
argument of this project states that all three tested types of ceramics can be used in the fracing process,
but there is a need for a pilot project to confirm the findings of lab phase.
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Assessing Wastewater Treatment Technologies, Storage and Water Reuse (2009)
Researcher: David van Everdingen, Alberta Research Council
Project Champion: Tom Pye, Husky
Summary:
The project has focused on subsurface technologies such as the storage of wastewater/shallow
produced water in aquifers for use at a later time, with options for treatment. the research has involved
several related components, including the characterization of suitable sources of wastewater with
different pretreatment options, hydrogeologic determination of appropriate subsurface storage, and
design of supply and recovery systems. As part of this research we investigated, emerging wastewater
technologies, including membrane bioreactors, as well as other technologies to address other quality
concerns for the wastewater/shallow produced water. Finally, we proposed to investigate the
alternatives to centralized treatment plants such as smaller, more portable treatment options, to
determine their feasibility.
Knowledge gap:
In Southern Alberta there is a shortage of water. With the moratorium in the South Saskatchewan River
Basin, this means that surface water and groundwater under the influence is only available through the
use of existing licenses. With a growing population and increase in industry development, there are
increasing pressures on both surface water and groundwater. Thus there is growing interest in the use
of new sources of water. We propose to study new methods to treat, store, and use wastewater from
municipalities and produced water from shallower oil/gas production.
Policy issues:
Applying to get license to reuse the water after treatments has been an issue for the industry. This
research tries to identify these issues.

Outcome and uptakes:
The report provides a comprehensive picture of the water resources and water issues in Southern
Alberta. It identified the legislation and guidelines which need to be changed to allow water reuse to
occur.
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CHAPTER THREE: Air Projects
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Introduction to Air Projects:
Between 2008 and 2013 a total of 26 projects were funded by AUPRF Air Issues Planning Committee
(ARPC). Out of 26 projects the practical, regulatory and scientific implications of 14 projects were
followed up on. Four projects remain in the early stages of development and no outcome is yet available
and the project champions for eight projects were not reachable. All projects including available
information on policy issues and knowledge gaps that led to the introduction of the projects, outcomes,
and possible outcomes.
AUPRF ARPC projects have made important contributions to the oil and gas industry and its knowledge
base. Flaring, as a critical issue for both the public and energy regulators, has received strong attention
from AUPRF. Related projects have made a direct impact on the Alberta Energy Regulator’s Directive 60
regarding flaring. Continued research on flaring not only generates knowledge, but also has led to
technologies such as the software created under the “Improved Flare Source Parameters for CALPUFF
and AERMOD Dispersion Models” project, which will be accessible by industry after regulatory
endorsement. Various benzene related projects have also found their way to Directive 39, and ongoing
work aims to bring new simulation methods to benzene management and control. Similar work is
underway for other VOCs and their emission factors.
The projects launched through the air group, have been successful through their significant
contributions in expanding knowledge and refining existing methodologies and best practices. Some
noteworthy contributions worth highlighting are:


Proof of concept for a flare simulation tool.



Technology for measuring emissions when a 3D model of facility is available.



Software for SO2 dispersion modeling customized for ALBERTA



Knowledge expansion on BTEX elimination



Knowledge expansion on evaporation losses



Knowledge expansion on emission factors. Re-approval of current practices



New test method for measurement of Carbon emissions



Simulation Model to replace total Capture for Benzene emissions



Input into preparation of directive 60



Input into preparation of directive 39



Technology for measurement using remote sensing, knowledge expansion on flaring
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Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in the Flare Stream (2013)
Researcher: Matthew Johnson, Carleton University
Project Champion: Anamika Mukherjee, Cenovus
Summary:
Fracturing fluids typically include small amounts of chlorine containing acids and salts that can be
carried over into the produced gas stream during well completion, purging, or testing. When these nonhydrocarbon liquids are carried over as aerosols into flare systems, there is a potential to affect flare
efficiency and emissions. Results ultimately enable improved environmental performance through
science-backed best operating practices, cost reductions through access to better data for planning and
approvals of new development, and more effective regulation through reduction of limiting knowledge
gaps.
Knowledge gap:
A project that assesses currently available emission factors for particulate matter speciation and
supplements this data with test data, if appropriate, is required.
Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.
Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Emissions from Flares With Non-Hydrocarbon Liquids in the Flare Stream (2012)
Researcher: Jason Olfert, University of Alberta
Project Champion: Wayne Hillier, Husky Energy

Summary:
Fracturing fluids have been successfully used for many years in the oil and gas industry to increase wellsite productivity. However, in recent years the general public and government regulators have voiced
concerns about the possible effects these fluids might have on ground water and air quality. This project
provides scientific data on what effects flaring these substances have on flare efficiency, or gas and
particle-phase emissions.
Knowledge gap:
The potential emissions associated with flaring non-hydrocarbon liquids are not well understood. This
project will review and evaluate the potential for flaring natural gas where there is non-hydrocarbon
liquid in the flare stream, and determine the emissions characteristics.
Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this project.
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Gap Analysis for the Stationary Combustion Filterable and Condensable Particulate Matter Emissions
Factors (2013)
Researcher: Todd Tamura, Tetra Tech
Project Champion: Brian Ross, Nexen Inc.
Summary:
Industry is anticipating the need to report emissions of condensable particulate matter (CPM) in
emissions inventories and reports to NPRI in the near future. This study provides science that is useful
to industry for purposes of providing technical comments to the Canadian government to ensure that
new requirements associated with CPM are implemented in an appropriate manner.

Knowledge gap:
The filterable fraction of particulate matter is currently included in emission inventories and
environmental assessments. It is anticipated that the condensable fraction, in addition to the filterable
fraction, may be required in the future. A project that investigates currently available filterable and
condensable emission factors, evaluates their accuracy, and develops and implements a test plan to
improve the factors is required. As a starting point, the following is a list of references tables containing
particulate emission factors:


Natural gas-fired turbines: AP-42 Table 3.1-2a



Natural gas-fired reciprocating engines: AP-42 Tables 3.2-1, 3.2-2 and 3.2-3



Large Stationary Diesel and All Stationary Dual-fuel Engines: AP-42 Table 3.4-2



External natural gas consumption: AP-42 Table 1.4-2



External LPG consumption: AP-42 Table 1.5-1

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.

Outcome and uptakes:
Current factors were developed in the 1980s, and measurement techniques are much better today.
Currently, reports are based on estimates and industry is reporting more emissions than what is in
reality, emitted. This project identified measurement methods that reflect true emissions
measurements. Though the cost of updating the factors is negligible, the cost of implementing the
measurement techniques is significant.
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The results have been reported to CAPP, and the next steps are to inform Environment Canada of the
new factors, and start measuring rather than estimating.
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Development of N2O Emission Factors for UOG Fired Equipment (2013)
Researcher: David Picard, Clearstone Engineering Ltd.
Project Champion: Filiz Onder, Encana
Summary:
Project outcome is defensible N2O emission factors for use in evaluating the emissions from combustion
equipment. Sufficient sampling is done to develop uncertainty limits for the N2O emission factor for
each combustion source. The work done on the flares is used to determine the combustion efficiency of
the surveyed flares. A secondary benefit of the program is demonstration of a practical and safe means
of measuring emissions and the destruction efficiency of flares.

Knowledge gap:
Some N2O (nitrous oxide) emission estimation methods for reciprocating engines calculate N2O
emissions as a fraction of total NOx emissions. However, the effect of engine loading on NOx
concentration is not well understood nor is the relationship between N2O and NOx. Methods for
estimating NOx emissions as a function of engine loading, as well as alternative methods for calculating
the associated N2O emissions are required.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Investigation of the Characteristics of Ultrafine Particles for Improved PM Emission Factor Reporting
for Flares. (2013)
Researcher: Jason Olfert, University of Alberta
Project Champion: Glenda Kowlessar, Encana
Summary:
The purpose of this project is to significantly improve emissions factor data for soot emissions from
flares in Alberta that will address the serious limitations of current data.
Knowledge gap:
Ambient Air Quality Objectives are routinely reviewed and revised. Future compounds of potential
interest include:
•

Mercury

•

Ultrafine particulate matter

•

Para-cresol

•

Radionuclides

•

Polychlorinated biphenyls (PCB's)

Source identification and quantification of these compounds at upstream oil and gas facilities is
required.

Policy issues:
Identification and estimation of sources of emission for substances of concern.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Development of a Model to Predict Benzene Emissions from Glycol Dehydrators with Condensation
Tanks (2013)
Researcher: James Holoboff, Process Ecology
Project Champion: Greg Unrau, Talisman Energy
Summary:
The development of a model which accurately calculates the condenser performance, taking into
account all important parameters including condenser type, yearly ambient conditions and process
conditions, combined with operator education and ongoing collaboration with the AER. This project
addresses the requirement for a method which calculates benzene reductions in condensers which will
be accepted by the AER.

Knowledge gap:
Not available

Policy issues:
Understanding the relationship between source emissions and ambient air concentrations. All levels of
Governments and health agencies (local to international) are increasingly using ambient air quality
benchmarks (objectives, standards, guidelines, etc.) as a means to achieve and maintain air quality in
respective jurisdictions. To determine the impact of such policy measures on the UOG, it is important for
industry to understand how air pollutant emissions contribute to and affect, the ambient conditions
surrounding UOG facilities.

Outcome and uptakes:
In AER Directive 39 which requires various management actions of Benzene, the only acceptable method
is total Capture Test. This study is set to provide another option, a simulation, and will likely be cheaper.
There is hope that AER accepts the simulation of condensation tanks, as the results are encouraging so
far. AER is currently aware of the project.
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Understanding and Improving Management of Volatile organic compounds (VOCs) from the Upstream
Oil and Gas industry (2013)
Researcher: Omar Hurtado, SNC Lavalin
Project Champion: Brian Ross, Nexen Inc.
Summary:
Review of the 2004 CAPP inventory, current practices used in the upstream oil and gas industry, and
regulatory changes that have occurred since 2000 to identify any volatile organic compounds (VOC)
sources not considered in previous emission inventories. This project reviews emission estimation
methods for current and new sources of VOCs.

Knowledge gap:
Best management practices or industry recommended practices that effectively reduce emissions of
VOCs from sources that are difficult to measure such as equipment leaks or well clean-ups.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.

Outcome and uptakes:
Environment Canada is considering updating VOC emission regulations in air quality management
systems, thus, the outcome of this project will enable industry to better negotiate with Environment
Canada.
The project is in progress at the time of interview. For further information, please view PTAC`s website.
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Field Measurement of Black Carbon Emissions from Flares (2012)
Researcher: Matthew Johnson, Carleton University
Project Champion: Allison Fisher, Shell Canada
Summary:
This project aims to extend development of world-leading “sky-LOSA” technology for direct, in situ
quantification of black carbon emission rates in plumes of flares. It also undertakes to research ways to
improve uncertainties and correct for potential interferences from direct and sky-scattered solar
radiation, develop 2nd generation hardware for field testing, and perform field measurements of
operating flares using 2nd generation sky-LOSA technology.
Project Support: CAPP/AUPRF, Natural Resources Canada, Environment Canada, World Bank
Knowledge gap:
Improving air emissions inventories through improved emissions factors and reporting methodologies.
Policy issues:
The potential emissions associated with flaring non-hydrocarbon liquids are not well understood. This
project will review and evaluate the potential for flaring natural gas where there is non-hydrocarbon
liquid in the flare stream, and determine the emissions characteristics.
Outcome and uptakes:
There was a lack of information about appropriate emission factors before this project began. The result
was disseminated to CAPP and also to a peer reviewed journal. Next steps require actual measurements
in Alberta, as the data from the study was taken in Mexico. An “other test method certification" has
been initiated with US Environmental Protection Agency USEPA however, certification is not yet
complete.
Key outcomes include development of a test method, knowledge expansion on carbon emissions, and
significant “breakthrough” progress in developing a generalized sky-LOSA algorithm to more accurately
quantify soot emission rates and allow for direct calculation of effects of direct and sky-scattered solar
radiation:


Measurements using 2nd generation sky-LOSA system successfully completed on a flare at a
turbo compressor station in Mexico
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Analysis of results largely complete; emission rates are substantially lower than those of only
other flare tested to date, a 1-m diameter flare at a petrochemical plant in Uzbekistan



Using new generalized algorithms, uncertainties of better than 20% have been achieved and
sensitivities have been improved by a factor of ~200



Journal article has been prepared and submitted for peer-review in the journal of Aerosol
Science & Technology.
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Evaluation of Emissions in the Upstream Oil and Natural Gas industry (2012)
Researcher: David Picard, Clearstone Engineering Ltd.
Project Champion: Natasha Rowden, CNRL

Summary:
Alberta Environment was re-evaluating the ambient air quality objectives (AAQOs) for the province. This
initiative includes reviewing the values of currently targeted substance and potentially adding additional
substances to the list. A stakeholder advisory committee (SAC) was established to participate in this
review and evaluation process. The first two substances to review were acrolein and arsenic.
The purpose of this study is to provide upstream oil and natural gas (UOG) industry with facility related
data that can facilitate defensible science-based decisions in this matter, and allow potential risks to the
UOG industry to be assessed.
Knowledge gap:
Identification and estimation of sources of emission for substances of concern.
Policy issues:
Identify sources and quantify contributions for the following compounds from UOG facilities: ultra-fine
PM, arsenic, and cadmium.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this project.
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Evaluation of Mercury and Other Emissions in the Upstream Oil and Natural Gas industry (2011)
Researcher: David Picard, Clearstone Engineering
Project Champion: Natasha Rowden
Summary:
The target substances are of environmental and human health concern. Relatively little is known about
the amounts of these substances emitted by the upstream oil and natural gas industry. This is, in part,
due to a lack of emissions factors and speciation data applicable to the Canadian oil and natural gas
industry. Moreover, some of the emissions factors for some of these substances (i.e., for mercury) can
be very reservoir dependent, and in other cases, very stream and/or source dependent (i.e., acrolein,
carbonyl sulphide and ammonia). The overall aim of the study is to develop more suitable factors to
conduct a screening level assessment of the amount and key sources of these emissions. This will
benefit the industry by helping to assess whether emissions of these substances are noteworthy and
where practical control opportunities may exist. The project focuses on air quality issues, and will
provide improved knowledge of atmospheric emissions for selected pollutants of concern and will
identify the primary contributors of these emissions. Moreover, it will result in emission factors and
speciation data for future use in evaluating the emissions and potential control measures.

Knowledge gap:
The gap in identifying sources and quantifying contributions for the following compounds from UOG
facilities. Mercury, ultra-fine particulate matter (PM), acrolein, carbonyl sulphide, ammonia, arsenic and
cadminum.

Policy issues:
Air quality objectives are continuously being reviewed and updated. to determine the impact of such
policy changes, it is important for industry to understand the contribution UOG facilities have to the
substances being reviewed. for example, as part of AENV ambient air quality objectives process, a list of
priority substances has been put forward for review.
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Outcome and uptakes:
This project was basically a reassessment of emission factors and the outcome confirmed that no
change or modification is require
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Practical Defensible PM 2.5 Emission Factors for Flares (2011)
Researcher: Matthew Johnson, Carleton University
Project Champion: Lisa Solomchuk, Shell
Summary:
In recent work supported by the Alberta Upstream Petroleum Research Fund (AUPRF) and Natural
Resources Canada (NRCan), serious flaws have been exposed in the United States Environmental
Protection Agency (USEPA) emission factor database, which is the basis for current Canadian Association
of Petroleum Producers (CAPP) particulate matter emissions for flares. Factors in the USEPA database
are either based on landfill gas flares or are incorrectly calculated using plume concentration data from
three point measurements above a test flare burning crude propylene reported by McDaniel (1983). This
latter error in particular would amount to a significant, unrealistic overestimation of emission rates. This
error has been formally reported to USEPA and it has subsequently been corrected in USEPA’s draft
review document “Emissions Estimation Protocol for the Petroleum Refineries (v.2.0).” Nevertheless,
the quality of available original source data and their relevance to upstream oil and gas industry flaring
remains a serious issue.
Since current CAPP emission factors are conservatively derived from this poor quality data, there is an
urgent need to obtain more accurate measurements of emission factors from laboratory-scale and fullscale flares, specifically relevant to the oil and gas industry. This is confirmed by results from our recent
lab-scale experiments, in which we have directly measured soot above reduced-scale flare flames, and
have now shown that the current CAPP emission factors are likely too high by a factor of two. However,
because of the differences in flow regime between full-scale and lab-scale flares, it is not yet possible to
develop a fully defensible emission factor model for flares typical of the Alberta upstream oil and gas
industry. the inaccuracies in current PM emissions data for flares preclude intelligent decision making
and environmental management.
This project addresses this gap by furthering ongoing efforts to quantify soot emissions from full-scale
flares and to use results of controlled experiments in a lab-setting to help interpret full-scale
measurement data and develop improved emission factor models. This project is designed to produce a
number of positive impacts including improved environmental performance by enabling management
decisions based on realistic emission data, cost reduction through simplified reporting requirements,
and strengthened operations management with access to defensible emissions data not previously

119

available. Finally, as PM is a criteria for air contaminant in Canada, reliable emission factor data are
critical inputs for air quality modelling, which impacts permitting of facilities. In the present case, where
current emission factors are believed to be too high, there is good news for all stakeholders in deriving
more accurate and defensible data based on actual measurements
Knowledge gap:
Improving air emissions inventories through improved emissions factors and reporting methodologies.
Policy issues:
Improved emissions factors for volatile organic compounds from all sources, including fugitive
emissions.
Outcome and uptakes, Key outcomes:
Project champion was unreachable for details on further outcomes and uptakes regarding this project.
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Evaluation of Convective Mixing Losses in Aboveground Storage Tanks (2011)
Researcher: David Picard, Clearstone Engineering
Project Champion: Wayne Hillier, Husky Energy
Summary:
The objective of the study is to monitor thermal convective evaporation losses from aboveground
storage tanks and develop an improved algorithm for predicting this important contribution to standing
or breathing losses from free venting fixed roof storage tanks and internal floating roof storage tanks.
The need for improvements to the methods used to estimate evaporation losses from storage tanks has
been identified by both industry and regulators, and is seen as particularly important in Alberta given
the predicted rapid expansion.
Knowledge gap:
Develop profile of cost-effective VOC reduction opportunities for key sources in UOG.
Policy issues:
For industry to evaluate the impact of potential policy measures to control air pollutants and
greenhouse gases, and to meet established government regulations and targets, it is important to have
a comprehensive understanding of all equipment performance standards and emissions control
technologies available. To assess the suitability of the equipment, industry requires knowledge of the
overall reduction potential and cost-effectiveness. To that end, industry should also understand the
trade-offs and full life-cycle of each technology (i.e., increased collateral emissions specifically GHG,
carbon monoxide and unburned hydrocarbons, fuel usage, etc.) so that a net environmental benefit is
achieved through broad technological deployment.
Outcome and uptakes:
The main outcome of this project is better measurement of evaporation losses. The information
attained from this project is contrary to conventional knowledge. USEPA should be made aware of this
and further work should be done. Follow-up by PTAC is recommended
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Development of Improved Emission Factors and Speciation Data for Heated Heavy Oil Storage Tanks
(2011)
Researcher: David Picard, Clearstone Engineering Ltd.
Project Champion: Lisa Solomchuk, Shell
Summary:
There is relatively little information available on atmospheric emissions from heated heavy oil tanks.
This purpose of this study was to help industry to gain a better understanding of the amount and type of
atmospheric emissions from heated heavy oil storage tanks and the peak instantaneous emission rates
from these tanks. This information will assist in conducting air quality assessments, especially when
evaluating the potential for odours and acute exposures.
Knowledge gap:
Improved emissions factors for volatile organic compounds from all sources, including fugitive
emissions.
Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.
Air emissions inventories are becoming an increasingly important method of monitoring and reporting
on industry emissions, for the public, government, and individual companies. Furthermore, governments
are beginning to use these emissions inventories to negotiate international treaties, establish air
emissions policy measures and targets, and develop forecasts. As such, it is important that the UOG
operators report facility emissions using standardized methodologies and emissions factors with low
uncertainty, and have access to a wide variety of effective emissions monitoring technologies.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this project.
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Photolytic Degradation of BTEX from the Oil and Gas Sector (2010 and 2011)
Phase 2 of Project “UV and Condensation Technology for Applications in the UOG for Removal of Air
Contaminants”
Researcher: Alex de Vissher, University of Calgary
Project Champion: Rosanna Ng, Talisman Energy
Summary:
The oil and gas industry is one of the major emitters of benzene and related compounds into the
atmosphere. The main source is glycol dehydration units. Due to the large number of small sources, an
effective treatment technique should be relatively cheap and simple. Ultraviolet destruction (photolysis)
was a potentially viable option. Research has been carried out on the ultraviolet destruction of benzene,
which generated detailed efficiency information of photolytic reactors in practically relevant conditions,
and a model that can be used for design and optimization of such reactors. The effectiveness of H2S
destruction by this technique was also tested. Condensation of BTEX (benzene, toluene, ethylbenzene,
and xylenes) was potentially an important pre-treatment technique that could increase the viability of
ultraviolet photoreactors; Hence, the effectiveness of condensation was investigated as well. The
successful application of this research could lead to further reductions of benzene emissions from the oil
and gas sector.

Knowledge gap:
Develop profile of cost-effective VOC reduction opportunities for key sources in UOG.

Policy issues:
Identifying effective air emissions reduction opportunities currently is available to industry. For industry
to evaluate the impact of potential policy measures to control air pollutants and greenhouse gases, and
to meet established government regulations and targets, it is important to have a comprehensive
understanding of all equipment performance standards and emissions control technologies available to
industry. To assess the suitability of the equipment, industry requires knowledge of the overall
reduction potential and cost-effectiveness. To that end, industry should also be made aware of the
trade-offs and full life-cycle of each technology so that a net environmental benefit is achieved through
broad technological deployment.

Outcome and uptakes:
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The project resulted in some new information; however at this stage it was not substantial enough for
practical implementation.
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UV Application for Selective Destruction of Emissions Constituents in the Oil and Gas industry (2008)
Researcher: Cooper Langford, University of Calgary (Alex De Visscher)
Project Champion: Sean Reilly, Talisman Energy
Summary:


In 2006 UOG in Canada emitted >500,000 tonnes of VOCs per year (CAC Emissions inventory).



2002 Benzene emission from glycol dehydration units in Canada is estimated at 1,988 tonnes
(CAPP).



Emission is from a large number of sources typically emitting a few tonnes per year.



Condensation systems can reduce emissions, but leave a residual emission.



Further emission reduction technology would have to be fairly cheap and simple given the large
number of sources.

Hence the aim of the project was to evaluate the use of UV technology in oil and gas applications to
selectively eliminate air emissions constituents. UV technology is used widely in sewage treatment
facilities, agricultural odour control in livestock barns, and in hospitals for eliminating pathogens in the
air.
It was also determined how UV technology will perform on tank vent gas, odour applications, glycol
dehydration, and as a potential replacement for incinerators.

Knowledge gap:
If proven a reliable emissions control tool, at a minimum, UV technology would offer a new option for
operators to eliminate various emission streams that can be problematic under existing controls. For
example, benzene emissions from glycol dehydrators and sour tanks vapour. The broader potential for
UV technology (i.e. destruction of H2S and/or CO2) is unknown at this point but bears investigation.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.
Air emissions inventories are becoming an increasingly important method of monitoring and reporting
on industry emissions, for the public, governments, and individual companies. Further, governments are
beginning to use these emissions inventories to negotiate international treaties, establish air emissions
policy measures and targets, and develop forecasts. As such, it is important that the UOG operators
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report facility emissions using standardized methodologies and emissions factors with low uncertainty,
and have access to a wide variety of effective emissions monitoring technologies.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this project.
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Evaluation of GHG Emissions from Crude Oil and Condensate Storage Tanks (2010)
Researcher: David Picard, Clearstone Engineering
Project Champion: Rosanna Ng, Talisman Energy
Summary:
Liquid hydrocarbon storage tanks are a significant global source of methane and non-methane VOC
emissions. Development of new science based, verifiable, practical and implementable strategies for
monitoring and controlling tank emissions in real time would directly and indirectly benefit a broad
range of domestic and international stakeholders including Canadian federal, provincial or regional air
quality administrators and operators of storage tank farms throughout the upstream oil and gas
industry, as well as international organizations such as the US EPA and the international Energy
Agency. Domestically, it is predicted that liquids storage infrastructure capacity will grow significantly in
the near future. Between 2006 and 2030, marketable production of Alberta’s Oil Sands is expected to
increase 444% from 1.126 million to as much as 4 million barrels per day. This growth will contribute to
increased shipments of product to market as well as increased shipments of diluents to heavy oil and
crude bitumen production sites. The corresponding growth in required delivery and storage
infrastructure will result in significantly increased domestic fugitive emissions of methane and nonmethane VOC from liquid storage tanks, which are currently very difficult to monitor and control. the
outputs of this project better equips international, federal and provincial regulators, as well as industry
operators, with more representative data concerning quantification of fugitive inorganic compounds,
VOC, odour, and greenhouse gas emissions from liquid storage tanks to help better manage the
predicted rapid expansion to oil production in the coming decades.
Knowledge gap:
Update outdated emissions factors for all pollutants, especially those used for older equipment and
facilities.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.
Air emissions inventories are becoming an increasingly important method of monitoring and reporting
on industry emissions, for the public, governments, and individual companies. Further, governments are
beginning to use these emissions inventories to negotiate international treaties, establish air emissions
policy measures and targets, and develop forecasts. As such, it is important that the UOG operators
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report facility emissions using standardized methodologies and emissions factors with low uncertainty,
and have access to a wide variety of effective emissions monitoring technologies.
Outcomes and uptake:
Project champion was unreachable for details on further outcomes and uptakes regarding this project.
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Improved Emissions Factors for Particulate Matter (PM) from Flares (2010)
Researcher: Matthew Johnson, Carleton University
Project Champion: Lisa Solomchuk, Shell
Summary:
Quantify soot emissions from solution gas flares and lay groundwork for realistic, practical models to
simplify NPRI reporting requirements, and better understand this emerging issue.
Project Support: CAPP/AUPRF (2009/10), CAPP/ERAC (2006/7 with some funds carried forward),
Environment Canada (2006/7), NRC-ICPET (2005-present), Natural Resources Canada (FY2007-present)

Knowledge gap:
Best management practices, or industry recommended practices that effectively reduce emissions of
volatile organic compounds (VOCs) from sources that are difficult to measure (i.e., equipment leaks, well
clean-ups, etc.).

Policy issues:
Developing emissions reductions opportunities through best management practices, industry
recommended practices or standard operating practices. Certain air pollutants, such as volatile organic
compounds (VOCs), are difficult to measure and control, and are therefore not readily regulated or
capped by governments. An alternative policy measure to hard caps is the development and
deployment of codes of practices for managing and reducing of such pollutants. Industry requires
information on the potential for codes of practices to effectively manage and reduce emissions.

Outcome and uptakes:
Major Results:


Preliminary emission factor model presented at AWMA conference in Calgary, June 22-25, 2010



Journal article outlining new sky-LOSA technique for directly measuring soot from flares in the
field peer-reviewed



Exposed major flaw in one of EPA’s emission factors for flares that could overestimate PM by a
factor of ~5000; these results have been reported at the PTAC Air Issues forum, informally to
EPA, and to Environment Canada (See Table 1)



First quantitative measurements of soot yield from lab-scale flares as mass of soot emitted per
mass of fuel burned – major project milestone
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Field testing of a novel optical diagnostic for estimating soot flux in flare plumes as part of a
World Bank supported project in Uzbekistan in collaboration with Dave Picard of Clearstone
Engineering - to the researcher’s knowledge, this is the first time such a measurement has been
made in the field



The outcome of this project led to 2012 Carbon emission project by same researcher
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Improved Flare Source Parameters for CALPUFF and AERMOD Dispersion Models (2010)
Researcher: Brian Zelt, ZeltPSI
Project Champion: Gerald Palanca, Petro-Canada
Summary:
Dispersion modeling of flaring has traditionally taken a simplified approach by keeping the source term
parameters constant. One can simply watch a flare under varying conditions to know that the effective
height changes with wind speed. Screening modeling by researchers has shown the dispersion modeling
predictions do change; some increase, some decrease, with the maximum tending to be
underestimated. Proposed risk-based criteria do not rely on the maximum prediction, but on the
distribution of predictions with, for example, the 99th percentile compared to the objective. Thus, it is
important for all of the predictions to be as accurate as possible.
CALPUFF is a software program universally accepted by the provincial regulators (AENV and AER) and
industry for modeling the dispersion of SO2 from UOG facilities. Both industry and regulators would like
to see an Alberta-specific CALPUFF model to incorporate unique algorithms around routine and nonroutine flaring.
This project provides publicly available source code modules for both CALPUFF and AERMOD to use
source parameters based on the dispersion conditions. The source parameters are the height, diameter,
temperature and velocity of the pseudo-stack. The efficiency of the flare is also accounted for.

Knowledge gap:
The potential emissions associated with flaring non hydrocarbon liquids are not well understood. Review
and evaluate the potential for flaring natural gas where there is non-hydrocarbon liquid in the flare
stream, and determining the emissions characteristics.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting methodologies.
Air emissions inventories are becoming an increasingly important method of monitoring and reporting
on industry emissions, for the public, governments, and individual companies. Further, governments are
beginning to use these emissions inventories to negotiate international treaties, establish air emissions
policy measures and targets, and develop forecasts. As such, it is important that the UOG operators
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report facility emissions using standardized methodologies and emissions factors with low uncertainty,
and have access to a wide variety of effective emissions monitoring technologies.

Outcome and uptakes:
Codes are currently being reviewed by the AER and will be freely available to public and industry after
approval at year end 2013. Additionally, PTAC began another project for developing a model based on
the codes. Such sophisticated analysis has only been available to very few firms until now, and the
results are expected to be widely used.
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Mercury and Heavy Metals Project (2009)
Researcher: Dave Picard, Clearstone Engineering
Project Champion: Randy Dobko, Alberta Environment
Summary:
Natural gas, conventional crude oil, and bitumen contain heavy metals in trace amounts, and their
production, processing, and use, can contribute to emissions of heavy metals into the environment. Due
to its toxicity, mercury has been studied and characterized the most out of the heavy metals. Based on a
review of the open literature available, it was observed that mercury concentration in most samples was
below the detection limit of 0.08 μg/m3 for gas and 10 ppb for liquids.

Policy issues:
Air quality objectives are continuously being reviewed and updated. to determine the impact of such
policy changes, it is important for industry to understand the contribution UOG facilites have to the
substances being reviewed. for example, as part of AENV ambient air quality objectives process, a list of
priority substances have been put forward for review.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this project.
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UV and Condensation Technology for Applications in the UOG for Removal of Air Contaminants (2009)
Continued Development of Numerical Simulation of a Sour Gas Flare (2008)
Researcher: Allan Chambers, Alberta Research Council
Project Champion: Wayne Hillier, Husky
Summary:
A previous ERAC funded project, ‘Numerical Simulation of a Sour Gas Flare’, modified an existing Large
Eddy Simulation model developed for open flames for the purposes of simulating sour gas flares.
This project continues the development of the sour flare combustion model and improves the numerical
simulation tool for sour gas flares that has been developed. the project additionally worked on further
improvements in:
-

Expanded hydrocarbon reaction model to include hydrocarbons larger than ethane that may be
present in flared gas.

-

Incorporate improved sulfur reaction model, particularly reactions involving COS and CS

-

Use the improved model to study an expanded parameter matrix that covers a wider range of

2

flare conditions representative of flare conditions used in Alberta.
Policy issues:
The availability of a simulation tool for sour gas flares will lead to a better understanding of how sour
gas flares operate, how sulphur compounds are distributed in the flare plume, and what sulfur
compounds are locally dispersed into the environment.
Knowledge gap:
To improve the numerical simulation tool for sour gas flares that has been developed ‘
Outcome and uptakes:
This was a proof of concept project for a flare simulation tool with potential commercialization
perspective. However, the implementation is not deemed a necessity by industry at this point in time.
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CHAPTER FOUR: Ecological Projects
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Introduction to Ecological Projects
Between 2008 and 2013, 50 projects were funded by AUPRF through the Ecological Research Planning
Committee. Out of these 50 projects the practical, regulatory and scientific implications were followed
up on 37 projects. For the remaining 13 projects, the project champions were not reachable. Thirtythree projects along with the policy issues and knowledge gaps that led to the introduction of these
projects, as well as the project outcomes, and possible outcomes follow. Please note: Some of the
projects are grouped in one page, as they are linked to each other.

ERPC projects played a critical role in not only helping improve the environmental sustainability of
industry’s activities, but also in informing the public and the government about environmental and
ecological issues that are not a result of activities by the oil and gas industry but may have been
attributed to the industry. These projects have also led to changes and improvement of reclamation
practices and policies, as well as the creation of decision making tools for the assessment of ecological
risks and threats. Some of the rather salient outcomes of these projects include:


Challenging scientific validity of some strict regulations and knowledge expansion on possible
impact of industry activity on wildlife



Development of best practice for well site footprint removal currently adopted by a few
companies.



Knowledge expansion regarding reclamation, Policy implications



Corporate Social Responsibility, industry image enhancement



Development risk mapping toolbox for impact of industry activities on Grizzly bears
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A Tool to Assess Cumulative Effects of Development on Biodiversity (2013)
Cumulative Effects and Assessment: Predicting Direct and Indirect Effects of Energy Developments
(2012)
Researcher: Jim Schieck, Alberta Innovates- Technology Futures
Project Champion: Carol Engstrom, Husky Energy Inc.

Summary:
Cumulative effects assessment is an increasingly important aspect of sustainable resource management
in Alberta. These assessments are done to ensure that incremental environmental effects resulting from
multiple developments are understood, and where possible, avoided or mitigated (Hegmann et al.
1999). However, current approaches to cumulative effects assessment lack the required standardized
quantitative framework to assess the cumulative effects of both individual projects and of all projects
together (Hegmann et al. 1999, MacDonald 2000). Rather, current assessments are based on predicting
impacts on key indicator resources or valued ecosystem components that may or may not be indicative
of biodiversity. Even more critical is that such assessments are not consistent across projects and are
often qualitative (e.g., based on expert opinion rather than empirical data), making it difficult to
evaluate cumulative effects at regional scales or compare the predicted contributions of different
projects to cumulative effects. This project is in line with PTAC’s previous projects on Biodiversity and
aims to provide a comprehensive tool for assessment of development effects on biodiversity.

Knowledge gap & Policy issues:
The effectiveness of mitigation activities. The oil and gas industry is committed to mitigating negative
environmental impacts wherever possible. Mitigation specifically refers to measures identified to avoid,
minimize or remedy impacts to, in this case, natural resources. These mitigation measures ideally lead to
practical action to offset the adverse environmental impacts of oil and gas activity, however it is
important that they be tested and proven to be effective in meeting their objective. Recent criticisms of
Canada's cumulative effects assessment approach (Duinker and Grieg 2006), have suggested that
piecemeal implementation by a variety of companies each using a different assessment method is
inadequate. These deficiencies result because cumulative effects are not assessed in a standardized way
throughout the region. However, stakeholders expect the best available knowledge to be applied to
environmental problems. As the most credible source of Alberta‐specific knowledge on biodiversity and
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its relationship to human land use, the Alberta Biodiversity Monitoring Institute (ABMI) is well‐
positioned to support an improved cumulative effects assessment process.

Outcome and uptakes:
The project is halfway done and the resulting decision making tool needs to be endorsed by regulator
before being used by industry. The regulatory endorsement is planned as a separate project.
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Evaluating the Ecological Risk of Oil and Gas Development on Ferruginous Hawks (2011, 2012 and
2013)
Researcher: Erin Bayne, University of Alberta
Project Champion: Nicole Haakenson, Nexen
Summary:
The Ferruginous Hawk (FEHA) project in the Department of Biological Sciences at the University of
Alberta is a comprehensive program designed to provide scientifically credible based recommendations
for the protection and recovery of this federally threatened and provincially (Alberta) endangered
species. The Canadian prairie population of FEHA has experienced a population decline of 50% and a
50% range contraction. Thus, risk management for FEHA is a priority for both industry and regulatory
agencies. Alberta’s Recovery Plan and Canada’s Species at Risk Act requires critical habitat be designated
and legally protected from destruction for FEHA within the next few years. Understanding the relative
importance of vegetation type, prey availability, competition, predation, or anthropogenic disturbance is
essential for defining critical habitat. to ensure the energy sector is prepared when critical habitat is
defined, research is needed to evaluate how energy sector activities have the potential to alter critical
habitat.
Knowledge gap:
Field monitoring and existing data review in zones of influence and resultant setback distances for a
variety of oil and gas activities and a variety of wildlife species, particularly species at risk and species of
management concern (eg. ungulates, bears)

Policy issues:
Wildlife responses to oil and gas activity. The responses of wildlife species to oil and gas activity vary,
and relatively little information exists on causal mechanisms for these responses (i.e., are wildlife
activities simply correlated with oil and gas activity or are they actually a result of oil and gas activity
versus some other factor).

Outcome and uptake:
The ultimate goal of this project is to change the guidelines to a case by case approach wherein the
requirements for each area will depend on the variety of species residing in the area.
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Evaluating the Revegetation Success of Foothills Fescue Grassland (2011, 2012 and 2013)
Researcher: Jay Woosaree, Alberta Innovates- Technology Futures
Project Champion: Mark Sherrington, Shell
Summary:
AITF (Alberta innovates - Technology Futures) has previously demonstrated that plains rough fescue
grassland can be restored to its former ecological function following oil & gas disturbances (Woosaree
and James, 2004; Woosaree, 2007). Specifically, the research made use of seeding early colonizing
species along with plains rough fescue. Results showed that native seed mixes have the potential for
both effective site stabilization and establishing a more “ecologically compatible” plant community on
well-site disturbances. The question was proposed as to whether the same technique could be repeated
in the foothills fescue community. The primary objective of this project was to demonstrate the ability
to re-establish foothills fescue grassland, once it is disturbed.

Knowledge gap:
Reclamation effectiveness of native prairie.

Policy issues:
The effectiveness of industrial footprint reclamation or functional restoration. One of the primary
challenges facing the oil and gas industry is effectively returning a range of landscapes to predisturbance or design conditions.

Outcome and uptakes:
It is expected that if the techniques are proven effective, revegetation will be achieved with a better
quality and lower cost (current cost is approximated at 100000 per Hectare). Regulatory guidelines will
however, need to be updated if the findings are positive. Due to the fact that this year was a higher on
average in regards to precipitation, the champion believes that the practice should be replicated in a dry
year, so that a better understanding of general effectiveness of the method is acquired.
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Grizzly Bears and Pipelines: Response to Unique Linear Features (2010, 2011, 2012 and 2013)
Researcher: Gordon Stenhouse, Foothills Research Institute, Grizzly Bear Program
Project Champion: Fauve Blanchard, Devon
Summary:
The use of pipeline right-of-ways for foraging and movement has potential consequences for grizzly
bears and other species. Bears using linear features are at a higher risk of human-caused mortality.
Grizzly bear use of rows for movement could also result in avoidance of linear features by ungulates
such as caribou, and has the potential to increase grizzly bear predation rates on caribou. As oil and gas
development continues to expand in grizzly bear habitat, it is important to gain an understanding of the
potential impacts of pipelines on grizzly bears. Results from this research help resource managers
understand and predict grizzly bear response to pipelines, assisting with resource management and
recovery efforts in grizzly bear habitat in Alberta.
Knowledge gap:
Predator use of habitats and anthropogenic features in and around caribou ranges and effects of
predation on caribou throughout the year.

Policy issues:
The role of predation in woodland caribou population declines. Predation is recognized as the primary
source of mortality, and the proximate cause of population declines, in woodland caribou ‐ but it is
important to know which predators are preying on caribou and how? Wolves are thought to be the
primary predators of caribou throughout their range, but predation by bears and other predators is
unknown and may be significant.

Outcome and uptakes:
This project was initiated as part of a social responsibility of the oil and gas industry. Though the project
is not yet complete, the outcome will likely require the industry to take extra precautions to avoid
increasing the predation rate of grizzly bears.
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White-Tailed Deer Distribution and Density in Alberta's Boreal Forest (2012 and 2013)
Researcher: Jason Fisher, Alberta Innovates – Technology Futures
Project Champion: Scott Grindal, ConocoPhillips
Summary:
White-tailed deer are increasing in numbers and range in Alberta’s northeast boreal forest. This increase
has potentially severe ecological ramifications for threatened woodland caribou by providing alternative
prey for wolves. Although we now have information on patterns of white-tailed deer expansion, we
have limited information on deer distribution and densities within the expansion zone. Using a novel
statistical approach that combines data from infrared remote cameras and satellite telemetry, the
researchers estimate deer density, habitat selection, and occupancy dynamics to model deer density
expansion across Alberta’s boreal forest.

Knowledge gap:
Wildlife, particularly ungulates and predators, use of seismic lines and other linear features
Policy issues:
The oil and gas industry is committed to mitigating negative environmental impacts wherever possible.
Mitigation specifically refers to measures identified to avoid, minimize or remedy impacts to, in this
case, natural resources. these mitigation measures ideally lead to practical action to offset the adverse
environmental impacts of oil and gas activity, however it is important that they be tested and proven to
be effective in meeting their objective.
Outcome and uptakes:
This project aims to fill the data gaps regarding the wildlife habitats of oil and gas zones for better
preservation of species and the environment. No policy or regulatory change is targeted.
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Long-Term Revegetation Success of industry Reclamation Techniques in the Northern Fescue Natural
Subregion (2010, 2011, 2012 and 2013)
Researcher: Jane Lancaster, Kestrel Research Inc.
Project Champion: Carol Engstrom, Husky Energy Inc.
Summary:
This study is part of a multi-year, multi-stakeholder initiative to revisit industry revegetation strategies
for native prairie in the Grassland Natural Region. Updating the guidelines is a two-step process based
on collecting existing learnings, conducting field studies to gather new insights and then using this
information to develop practical revegetation strategies. The first document from this initiative;
“Recovery Strategies for industrial Development in Native Prairie: the Dry Mixedgrass Natural Subregion
of Alberta”, was published in June 2012.
Knowledge gained from a 2011 Mixedgrass monitoring project is being applied to the 2012 project
currently underway to develop an updated revegetation strategies document for industry for the
Mixedgrass Natural Subregion (NSR). AUPRF has contributed to both the 2011 and 2012 mixedgrass
projects.
The 2013 Northern Fescue project will focus on existing data collection and field monitoring studies on
recovering industry disturbances to address knowledge gaps. Reporting will synthesize existing
knowledge and the results of 2013 field monitoring surveys and link the results to ecological range sites
and plant communities described in the newly published Range Plant Community Guide for the
Northern Fescue Natural Subregion. Data collection in 2013 will provide the information to develop the
Northern Fescue NSR revegetation strategies document in 2014.

Knowledge gap:
Effectiveness of wetland reclamation (function, habitat, hydrology), following a range of disturbance
types (both semi-permanent and more temporary disturbances), and on a range of wetland types
(permanent lakes and ponds, bogs, fens, peatlands).
Policy issues:
Effectiveness of industrial Footprint Reclamation
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Outcome and uptakes:
The first project confirmed that the reclamation techniques used in the Northern Fescue Natural
Subregion worked well, and regulators are now convinced of the effectiveness. The second project was a
follow up ensuring the dissemination of the first project through updating the 2001 guideline, industry
workshop, and tours. It is noteworthy that these techniques are cheaper than previous practices.
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Effects of Oil and Gas Development on Grassland Birds (2011)
Researcher: Stephen Davis, Canadian Wildlife Service
Project Champion: Carol Engstrom, Husky Energy Inc.
Summary:
Grassland bird populations have declined significantly over the past century, largely due
to anthropogenic habitat loss and degradation. It is estimated that approximate 20% of original
native grassland remains in Canada. The quantity and quality of remaining grassland is
threatened by habitat loss and degradation through cultivation, urban expansion, industrial
development, exotic species invasion, woody vegetation encroachment, and inappropriate
management practices. The amount of oil and gas development in south-western Saskatchewan
and south-eastern Alberta has increased dramatically over the past 15 years, but its impact on
grassland species is poorly understood. This project will determine the extent to which oil and gas
development influences density and reproductive success of grassland songbirds in south-west
SK and south-east AB. We will quantify density and reproductive success of grassland songbirds
listed by the Committee On the Status of Endangered Wildlife In Canada (COSEWIC) in areas
with high levels of disturbance (increased number of oil and gas wells, pipelines, roads, trails,
and exotic grass species) and areas with low, to no levels of disturbance. Additionally, we will
determine whether noise from compressor stations affect the singing behaviour and song
characteristics of Sprague’s Pipit and Chestnut-collared Longspur.

Policy issues:
The way that wildlife responds to oil and gas related activity varies, and relatively little information exist
on causal mechanisms for these responses. For example, are wildlife activities simply correlated with oil
and gas activity, or are they actually a result of oil and gas activity versus some other factor.

Knowledge gap:
Field monitoring and existing data review zones of influence and resultant setback distances for a variety
of oil and gas activities, and a variety of wildlife species, particularly species at risk and species of
management concern.
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Outcome and uptakes:
This project was a thesis project. There has not been a major influence from the outcomes of this
project on the industry or regulations; however, there is room for the results to be applied.
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Evaluating the Ecological Risk of Energy Sector Development on Burrowing Owls in Native Prairie
Habitat, 2008, 2009, and 2010
Researcher: Erin Bayne, University of Alberta
Project Champion: Sandra Marken & Scott Grindal, ConocoPhillips
Summary:
The project has involved intensive monitoring of burrowing owl nests to evaluate nesting and fledging
success. Analyses included correlating patterns of nest success with vegetation type to evaluate which
areas of the landscape result in high nest success and what anthropogenic factors might alter
reproductive success.
The Burrowing owl is a species at risk both provincially and federally. As a result, a recovery plan and
federally-defined critical habitat will be developed under the Species at Risk Act (SARA) for this species,
with the potential to affect energy sector activities within that habitat. Therefore, information about
those attributes of the nest and landscape that result in high success is a key step in developing effective
management and recovery plans, and will also play a key role in development of appropriate mitigation
actions for oil and gas development in areas with burrowing owls.
Knowledge gap and Policy issues:
This project directly addresses an AUPRF public policy issue, specifically wildlife responses to oil and gas
activity, and associated knowledge gaps that deal with defining zones of influence and resultant setback
distances.
Outcome and uptakes:
Results of this project to-date have provided excellent science-based information, on which to base and
justify mitigation actions and setback distances for energy sector activities. In addition, the project
results will be used to influence the identification of critical habitat, as well as the definitions for
“effective protection” and “destruction” of that critical habitat, as it pertains to oil and gas activity.
Furthermore, the results show that the oil and gas industry is not as great a danger on wildlife as may be
perceived, and the precautions taken by the industry are assisting in species protection. The results have
been disseminated through 10 academic presentations, and 6 publications.
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Removing the Wellsite Footprint, Phase I and II (2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012
and 2013)
Researcher: Terry Osko, Alberta-Pacific Forest Industries, Inc. Woodlands Division and University of
Alberta
Project Champion: Pete Millman, Devon
Summary:
Based on a collaborative research program that is addressing construction and reclamation of wellsites
and associated facilities in boreal Alberta. Presently Phase II of the program focuses on facilities
constructed in wetlands. Reclamation in wetlands is an emerging issue and little research has been
completed to support regulatory guidelines. Improved construction methods can reduce future
reclamation needs. Proactive research by industry will ensure regulatory guidelines are based on sound
knowledge and will facilitate collaboration with regulators in implementing effective practices.
An investigation and compilation was completed of present knowledge regarding wetland reclamation,
including past, presently ongoing, and anticipated research. The researchers have also identified and
prioritized gaps in this knowledge and have implemented a research program to address these gaps and
accelerate the development and use of construction and reclamation practices leading to restoration of
wetland ecosystem function. The major gaps identified were classified into the following categories:





Practical techniques for construction and restoration of roads and well pads,
Effects analysis and documentation to more clearly define the hydrologic and ecologic effects of
roads and pads so that construction and reclamation practices are more effective at minimizing
these impacts,
Landscape assessment and planning that addresses issues of cumulative effects and how to
manage for them. In addition, such an assessment should be used to set landscape-scale goals
and to tailor individual construction or reclamation projects to a broader landscape picture
rather than having uniform targets for all individual projects.

Knowledge Gap:
Effectiveness of reclamation efforts in wetlands.Policy Issues:
The effectiveness of industrial footprint reclamation - one of the primary challenges facing the oil and
gas industry is effectively returning a range of landscapes to pre-disturbance conditions.
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Outcome and uptakes:
At this point the project is not yet complete; however, an overall observation is that industry in general,
needs to focus more on construction practices upfront that produce less disturbance so we need less
reclamation at the end. This is due to the experiments show that a less disturbed soil yields a better
reforestation outcome. The energy industry should learn and adapt this practice from the forestry
industry, where acceptable benchmarks exist.
Key outcomes:
Currently 2-3 energy companies are applying the findings from this project, and the researcher is in
contact with a larger group to persuade them to uptake the practice. The results are also shared through
5-6 academic conferences and 3 peer reviewed papers.
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Strategies for Evaluating the Effectiveness of Reclamation Successes on Native Landscapes, Including
the Mixed Grass Prairies, the Northern Fescue Natural Region, Foothills Fescue Natural Regions, the
Aspen Parkland Natural Region, Saline/Hydro-Carbon Contaminated Affected Soils (2010)
Researcher: Jay Woosaree, Alberta Innovates- Technology Futures
Project Champion: Terry Forkheim, Talisman Energy
Summary:
Industrial impacts on native, undisturbed) landscapes are considered by many to be more significant
than those impacts on non-native landscapes. The continued loss of native vegetation can compromise
local and regional conservation objectives, and can also significantly impact wildlife; thus, the impact to
biodiversity has the potential to be quite extensive. In addition, reclamation standards are continually
increasing, with a higher requirement for industry to reclaim to the equivalent undisturbed land
capacity, and to demonstrate this through post reclamation monitoring. This can be expensive, longterm, and technically challenging, particularly when proven techniques are not available. In turn; this
can negatively impact timely access to resources.
Dr. Woosaree’s research is finishing a 3 year program, focused on testing various reclamation
techniques for fescue grasslands. These grasslands are considered to be at extreme risk in Alberta, due
habitat loss and fragmentation related to agriculture, high oil and gas activity, coal development, and
urban/rural development, among others. in addition, restoring native fescue grassland ecosystems is
very difficult, expensive and often unsuccessful. As a result, SRD has taken steps to identify priority
remnant fescue grassland areas, and issue a Protective Notation for these grasslands.
Expected outcome:
The project was aimed to both find ways to meet government requirements for reclamation, and to
reassess the possibility of meeting some of the regulatory requirements such as those in the 2011
Alberta reclamation criteria.
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Outcome and uptakes:
Results of this research have indicated that early, carefully timed successive weed control, and higher
seeding rates are critical to reclamation success. Dr. Woosaree is a member of the review panel for
associated guidelines, and holds periodic meetings with the government of Alberta. The
recommendations from this research are continuously conveyed to the government. However, it is not
clear how widely the information from this research is used by the industry.
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The Role of Predation in Woodland Caribou Population Declines in Northeastern Alberta (2010)
Researcher: David Latham, University of Alberta ; Stan Boutin, University of Alberta
Project Champion: Scott Grindal, ConocoPhillips

Summary:
Coyote range extension has been generally associated with the expanding frontiers of human activity
and footprint; however, little is known about coyote expansion into the boreal forest, their interactions
with sympatric wolves, or their potential role as predators of calves of threatened woodland caribou.
This project assessed coyote habitat selection, diet, and spatiotemporal relationships with caribou,
wolves, and industry, in a caribou range in northeastern Alberta.

Knowledge gap:
Effectiveness of tools to deter predator and primary prey, use of seismic lines and other linear features

Policy issues:
Effectiveness of Mitigation Activities.
Outcome and uptakes:
The main goal of the project has been to increase knowledge and collect data. Results from the project
support the hypothesis that the industrial footprint has facilitated coyote range expansion into caribou
range. The results have been disseminated through 5-6 presentations and two peer reviewed
publications.
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Seismic Line Successional Recovery: Implications for Animal Movement and Weed Invasion in the
Boreal forest (2009)
Researcher: David Latham, University of Alberta
Project Champion: Scott Grindal, ConocoPhillips
Summary:
Seismic lines are a pervasive disturbance in northern Alberta that, while occupying a small area of the
land base, may have ecological impacts that are disproportionately large relative to their size. New “best
practices” for seismic line exploration reduce the 5 to 8m wide footprint of CS to LIS that are ~3m wide.
This research aimed to:


Assess the relative invisibility of seismic lines to invasive species establishment;



Examine the relative use of seismic lines as game trails



Determine if invasive species presence or game trail use is affected by seismic line type, age,
and/or habitat type.

Knowledge gap:
This research addresses some knowledge gaps in including those related to reclamation effectiveness of
wetlands, reclamation effectiveness of native prairie and wildlife (including mammal, amphibian and
bird) use of reclaimed habitats compared to pre-disturbed habitats

Policy issues:
One of the primary challenges facing the oil and gas industry is effectively returning a range of
landscapes to pre-disturbance or design conditions.

Outcome and uptakes:
The project is in the early stages, but it will likely tighten the regulatory requirements for reclamation
and increase the costs. It will however, bring social responsibility to industry.
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Range Expansion of White-Tailed Deer: Differentiating Responses to Climate Change and Industrial
Land Use (2009)
Researcher: Kimberly Dawe, University of Alberta
Project Champion: Mark Sherrington, Shell
Summary:
White-tailed deer have expanded their range into northern boreal habitats, where they have not
historically been present. In Alberta, population increase and expansion of white-tailed deer has been
linked to increased wolf abundance and elevated predation on threatened caribou populations. There
are two main mechanisms that may explain white-tailed deer expansion 1
) changing habitat brought about by lower winter severity and 2) changing habitat brought about by
industrial land use The goal of this project is to develop cause-specific management strategies to
mitigate the spread and impacts of white-tailed deer invasion. So far, the results have shown little
correlation between index for change in deer population abundance and winter severity at the small
wildlife management unit level, however there is a need to address this same question across the boreal
forest to increase sample size. Conversely, the results so far have shown that white-tailed deer select
for higher linear feature density in peat lands.
The implications of this research are important for the energy sector, as it will allow individual
companies and cooperatives of companies active in woodland caribou range to prioritize linear features
for restoration based on their potential contribution to deer population, which negatively affects
woodland caribou.

Outcome and uptakes:
Deer were found in 98 percent of the sampling site. Study is useful in displaying how deer are an
important factor in the increase in wolves and decline of caribou. This is important because the oil and
gas industry has traditionally been the central suspect for decline of caribou. The result has been
disseminated to media, and regulators are aware of the findings.
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Liner Features, Forest and Wolf Predation of Caribou Prey in West Central Alberta (2008)
Researcher: Marco Musiani, University of Calgary
Project Champion: Mark Sherrington, Shell
Summary:
This project is a part of a bigger study launched in 2008. - PTAC is only one of several funders of this
project

Knowledge gap:
Boreal woodland caribou calving habitat selection (predation risk).

Policy issues:
Ecosystem (and component) responses to oil and gas activity.

Outcome and uptakes:
Helping government in managing wildlife, while proving that the activities of the oil and gas industry are
not the sole reason for the current decline.
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Putting Grizzly Bear Research Results into Today's Land Management and Planning in Northwestern
Alberta: Continue Map and Model Development for Northern Alberta and Complete Interim Health
Results for Grizzly Bear Populations in Alberta (2006, 2007 and 2008)
Researcher: Gordon Stenhouse, Foothills Research Institute, Grizzly Bear Program
Project Champion: Terry Forkheim, Talisman Energy
Summary:
The purpose of this research is to provide land and resource managers with new tools to map,
understand, and track landscape change and animal health for effective management and conservation
of species at risk. It produces map products that show the probability of grizzly bear occurrence,
mortality risk, safe harbours, habitat states and travel corridors for all grizzly bear range in Alberta. This
“health-oriented” project focuses on providing new tools and methods to enable well informed and
timely land use management decisions to maintain ecosystem health and to support sustainable
development. The project focuses on Alberta grizzly bear populations as a key indicator of ecosystem
health. These leading edge innovative products and techniques make Alberta a recognized world leader
in ecosystem management.

Outcome and uptakes:
Based on more than 8 years of data, the researcher has developed a risk mapping toolbox to help the oil
and gas industry decide on where to build roads and develop infrastructure, in order to minimize the
risk to wildlife. The toolbox is currently being used by Shell, and there is potential for introduction of the
toolbox to at other PTAC member companies.
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Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou Calves: Implications for
Management (2011, 2012 and 2013)
Researcher: Craig DeMars, University of Alberta
Project Champion: Scott Wagner, Nexen Inc.
Summary:
Boreal caribou (Rangifer tarandus caribou), an ecotype of woodland caribou, are federally listed as
Threatened and provincially designated as Red-listed in British Columbia due to population declines
throughout much of their distribution. High rates of calf mortality due to predation are a key
demographic factor contributing to population declines. This four-year project was initiated in 2011 to
evaluate spatial factors influencing predation risk to boreal caribou calves in northeast British Columbia.
The project is a collaborative effort among government, industry, non-governmental organizations, First
Nations and academia.

Outcome and uptakes:
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Grizzly Bear Habitat Mapping and Modeling in Alberta (2003, 2004 and 2005)
Researcher: Gordon Stenhouse, Foothills Research Institute, Grizzly Bear Program
Project Champion: Terry Forkheim, Talisman Energy
Summary:
This multidisciplinary study was launched in 1999 in response to increasing human use of grizzly bear
habitat along Alberta’s eastern slopes. As human populations and activities expand, grizzly bear habitats
are increasingly being lost or degraded, resulting in the reduction and fragmentation of bear distribution
and population. If human activities and healthy grizzly populations are to be sustained in these areas,
intensive management based on detailed biological information is needed.
The study is intended to provide resource managers with the knowledge and tools to ensure the grizzly’s
long-term conservation in the area. This includes gathering better information and developing
computer-based maps and models about grizzly bear movements, habitat use and response to human
activities.
Outcome and uptakes:
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Peatland Restoration of Abandoned Oil and Gas Well Sites (2013)
Researcher: Hugh Seaton, NAIT – Boreal Research Institute
Project Champion: Margaret Marra, Shell
Summary: Restoring peatlands following in situ industry activity in the boreal region of northern Alberta
presents a set of challenges that have yet to be overcome. The lack of proven treatments for restoring
peatlands, coupled with a tightening regulatory environment suggest that peatland reclamation is likely
to result in substantial long-term liability, possibly even limiting development of the oil sands resource.
Expanding the array of restoration methods (e.g., cost-effective procedures to re-connect well sites with
the surrounding peatland) and technologies (e.g., techniques of utilizing live moss from donor sites) for
peatlands is of utmost urgency given the importance of oil sands extraction to Canada’s economic wellbeing. Trials will assess and quantify six well pad removal options, will assess the use of donor site
materials in plant establishment, and assess plant propagation and establishment methods. The trials
will apply risk management to climate uncertainty.

Policy issue:
The effectiveness of industrial footprint reclamation or functional restoration. One of the primary
challenges facing the oil and gas industry is effectively returning a range of landscapes to predisturbance
or design conditions.

Knowledge gap:
Reclamation effectiveness of wetlands

Outcome and uptakes:
Informs development of Government reclamation criteria for peatland reclamation (informs
Regulation); informs construction techniques on peatlands/ potential cost savings.
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When is Reclamation Success Achieved, Using the 2010 Reclamation Criteria as a Guide? (2011)
Researcher: Jay Woosaree, Alberta Innovates – Technology Futures
Project Champion: Jody Spady, Husky Energy Inc.
Summary:
Plant communities are complex, diverse and variable in nature. How they respond to stresses allows
them to build resiliency, which in turn makes them sustainable. Thus having a rating drop due to the
presence of Type 4 increasers as a result of grazing or other stress should not constitute failures. Those
species classified as class 4 grazing response species are highly adapted to disturbance, usually have
good germination and establishment and are well suited for use in reclamation, but they have received a
bad reputation due to overgrazed lands being dominated by them. They should rather be used as an
indicator of poor practices. These Type 4 species can play a significant role in erosion control and native
establishment on a site. Good reclamation practices should include them in a seed mix without
exceeding control percentages on adjacent lands. The effectiveness of the 2010 criteria will depend on
the competence and professional judgement of the reclamation practioner. In our study, one of the sites
received a reclamation certificate in 2010, yet was found to have failed under bareground, macrocontours, structural layers, litter quality and quantity, noxious weeds and presence of non-native
forages. It is anticipated that many DSA’s will be submitted using a non-routine application. The use of
the 2010 Reclamation Criteria requires a non-bias and experienced assessor. It provides for a consistent
and effective tool to gauge reclamation success and ecosystem functions, as well as forecasting site
trajectory in a temporal community composition based scale. The following are some recommendations:

to limit the amount of seed in the soil.
ified seed where possible and buy all seeds from reputable
dealers, inspect seed growers’ plots to ensure quality materials.

seed from the adjacent controls can help accelerate plant community recovery.

Reclamation Criteria in order to design better seed mixtures that resemble more
closely to site conditions of the natural sub-regions.
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that are known to compete well with weeds in the reclaimed area. Know this may
take a longer time prior to seeking a reclamation certificate.

permanent
scar on the landscapes and it increases soil compaction and limits vegetation growth.

creates situations for weeds to establish, increases cost and remains a longer liability
to the industry.

Outcome and uptakes:
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Efficient Strategies for Remediating and Revegetating Sensitive Landscapes: Oilsands, Saline Areas,
Forested and Foothills Regions (2008)
Identifying Key Native Species and Efficient Strategies for Revegetating Sensitive Landscapes: Oil Sand
Areas, Saline Areas, Boreal Forest and Foothills Regions (2006 and 2007)
Native Species for Reclaiming Sandy Soils Disturbances of the Parkland Ecoregion (2003, 2004, 2005
and 2006)

Researcher: Jay Woosaree, Alberta Innovates – Technology Futures
Project Champion: Rob Staniland, Talisman Energy
Summary:
Achieving reclamation success requires appropriate site preparation and strategies of plant
reintroduction Adapted plants that have proven performance, and strategies on how to use them, will
enable resource extraction companies to reclaim environmentally sensitive areas to sound ecological
function.

Oil & gas industries in Alberta have drilled approximately a quarter million wells and this number keeps
increasing by over 20,000 wells annually. More than half of the wellsites, each occupying approximately
1 ha or more, are on Crown land where an objective of “ecosystem goods and services” has replaced the
previous, simpler goal of soil stability and dense forage cover. The foothills, the mixed grass prairie, the
aspen parkland and the boreal forest include a diversity of natural plant communities. These plant
communities provide habitats and movement corridors for many wildlife species, and important forages
for grazing livestock. Oil & gas, other industries, ranching and public recreational activities have altered
these plant communities, leading to a risk of reduced ecosystem performance and productivity. Others
argue that once, for example the fescue plant community is disturbed, it cannot be reclaimed to its
predisturbed condition (Bradley, 2004). Weeds and Invasive forage species may threaten landscapes,
especially when natural plant communities and soils have been disturbed, by reducing usable
production or changing important site ecological behavior.

Pipeline breaks and surface spills at wellheads or battery sites may contribute to local soil salinization.
Both hydrocarbon and saline produced water are common throughout the province. The presence of
soluble salts affects plant growth by limiting their water uptake. Plant species tolerance of contaminants
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and abilities to enhance conditions at sites is partly understood, but few suitable native species are
currently available. Improvements may provide options to wholesale soil removal and land filling.

Outcome and uptakes:
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Development of Drought Tolerant/Salt Tolerant Native Grass, Forb and Legume Ecotypes for use on
Disturbed Land in the Prairies and Boreal Forest (2004)
Researcher: Jay Woosaree, Alberta Innovates – Technology Futures
Project Champion: Rob Staniland, Talisman Energy
Summary:
It is predicted that Canada is among the nations that will experience the greatest temperature change.
Air temperatures in the Prairie Provinces have warmed historically, by approximately 1.2°C over the last
50 years (Environment Canada, 2002). The potential impacts in rural areas can include increase risk of
drought and dust storms; increase desertification (salinity) in Southern regions and increase demand for
water. In the boreal region the effect can include a reduction in boreal biodiversity, landscape
fragmentation, saline areas and invasion by non-native species. Whether it is due to climate change, an
increased in temperature may result in the southern edge of the boreal forest being shifted northward
by as much as 1100 km, which may result in grasslands moving further north. The progressive drying
trend in Alberta naturally depletes large volumes of water from agricultural and pastures lands. Lakes,
sloughs, and waterways continue to dry, allowing large saline areas to appear.
Dryland salinity affects over 2 million ha in the prairie provinces and is spreading at a rate of 200,000 ha
annually. Alberta posesses an abundance of native species that thrive on low quality or disturbed soil.
One of the strategies is to do nothing. However, most Canadians believed that we have to be prepared
for the changes that are anticipated to occur as a result of climate change. Developing native range
plants adapted to the Prairie's dry weather and to salinity conditions can reduce the risk associated with
global warming, reduced the amount of water needed to irrigate crops, and maintain healthy
rangelands and ecosystem. They can also be useful for carbon sequestration leading to reduced
greenhouse gas emissions (Svejcar et al., 1997), more specifically with reducing the discharge of CO2 to
the atmosphere. It is therefore important to have native grass, shrub and legume species that will thrive
in the new environmental conditions that will result from climate change. These native cultivars will be
able to bridge the gap that may result as trees die and grasslands move northward.
Outcome and uptakes:
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The Role of Predation by Wolves and Bears in Caribou Declines in West-Central Alberta (2011, 2012
and 2013)
Researcher: Marco Musiani, University of Calgary
Project Champion: Mark Sherrington, Shell
Summary:
FORESTRY HYPOTHESIS: Forestry may improve habitat for primary prey of wolves (moose, deer), which
then increase, incidentally increasing predation on caribou.
OIL&GAS HYPOTHESIS: Predators may travel more efficiently on linear features, such as roads, seismic
lines or trails, and therefore encounter and kill more caribou.
BEAR PREDATION: Bears, Grizzlies in particular, may also predate on caribou, potentially causing
significant mortality of calves.
ADDRESSING KNOWLEDGE GAPS:
GAP1: Our projects (2007-2009 and 2011 onward) clearly indicated wolf predation pressure on caribou
during the summer, a period during which the Oil&Gas Hypothesis should be weaker because many
caribou migrate to less-impacted areas in the mountains.
GAP2: We are also using stableisotope analyses of hair samples to understand the diet overlap between
predators (e.g. wolves, bears) and caribou, thus enabling industry to assess whether predators favoured
by Oil and Gas or Forestry are predominant. This new approach does not bias assessments towards
sex/age of caribou and is not intrusive.
GAP3: While wolf behaviour and predation on caribou are well described, little is known about Grizzly
bears. We will describe bears’ use of habitats and anthropogenic features and predation on caribou
(adults and calves) throughout the year by using new-technology, which allows for daily downloads of
location and visits to predation sites.
Policy Issue
The role of predation in woodland caribou population declines. Predation is recognized as the primary
source of mortality, and the proximate cause of population declines, in woodland caribou ‐ but it is
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important to know which predators are preying on caribou and how? Wolves are thought to be the
primary predators of caribou throughout their range, but predation by bears and other predators is
unknown and may be significant.
Knowledge Gap
Predator use of habitats and anthropogenic features in and around caribou ranges and effects of
predation on caribou throughout the year
Outcome and uptakes:
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We Have a Reclamation Certificate, But is it Good Enough? Long-term Reclamation Monitoring of Oil
and Gas Footprints (2013)
Researcher: Dan Farr, Alberta Biodiversity Monitoring Institute
Project Champion: Scott Grindal, ConocoPhillips
Summary:
Recovery of ecological conditions at certified wellsites, pipelines, and other oil and gas infrastructure in
Alberta may continue long after the reclamation certificate issue date, but this ecological recovery, or
lack thereof, is not tracked or documented. Alberta’s growing inventory of certified industrial footprints
that may not have fully recovered to the intended objective of equivalent capability is perceived as a
potential liability that detracts from government’s stewardship commitments, and from industry’s social
license to operate on public and private land. The effectiveness of reclamation after site certification in
Alberta’s cropland, native prairie and forest land is not presently monitored, and published studies
suggest that vegetation communities at reclaimed sites often differ from undisturbed areas.
Over the past 50 years, expectations of Alberta’s reclamation program have shifted from retuning
useable land to its owners to addressing concerns of multiple stakeholders, with the overall trend being
toward achieving historically relevant vegetation and wildlife. In keeping with Alberta’s history of
continuously [adapting] its industrial land conservation and reclamation program and related legislation
in response to changing public expectations and improvements in reclamation science, this project will
evaluate ecological condition of reclaimed/certified sites (and how this varies among ecosites and over
time after certification) and achieve two principal objectives:
1. Create a scientifically robust, transparent, and financially sustainable long-term reclamation
monitoring system.
2. Conduct a retrospective study of historical well sites to address key knowledge gaps that
currently constrain the assessment of ecological recovery after reclamation. The initial focus on
well sites will provide a foundation for further work on other energy sector footprints.
A scientifically robust, transparent, long-term reclamation monitoring system will support the Alberta
government’s monitoring mandate and industry’s social license to operate on public and private land.
Stakeholders expect the best available knowledge to be applied to environmental problems; there will
be considerable uncertainty in the ability of operators to achieve meaningful reclamation without
credible, reliable data on the progression of recovery on reclaimed land.
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Policy issue:
The effectiveness of industrial footprint reclamation or functional restoration. One of the primary
challenges facing the oil and gas industry is effectively returning a range of landscapes to predisturbance
or design conditions.

Knowledge gap:
Reclamation effectiveness of wetlands

Outcome and uptakes:


enabled by integrated environmental policies and a jurisdiction-leading regulatory system;



informed by scientifically rigorous and transparent monitoring, evaluation and reporting;



delivered in partnership with key stakeholders at the provincial, regional and local level 2
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Disturbance Zones of Influence on Boreal Songbird Communities in Northern Alberta (2012)
Researcher: Amy Darling, Golder Associates
Project Champion: Carol Engstrom, Husky Energy Inc.
Summary:
Canada’s boreal forest is important habitat for many North American birds, which play a vital role in the
health of forests, and provide ecosystem services. Expanding human development in northern Alberta
raises concerns that fragmentation and loss of habitat could be leading to declines in forest wildlife.
Objectives of this boreal songbird analysis were to examine habitat and disturbance assocaitions of
boreal songbirds, and determine what habitat and disturbance variables had the greatest influence on
mature forest songbird relative abundance and species richness, with the ultimate goal of developing an
empirical habitat model to predict the influence of development on mature forest songbirds in
northeastern Alberta.

Outcome and uptakes:
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Use of Anthropogenic Linear Features by Alternative Predators in Woodland Caribou Range (2012)
Researcher: David Latham, Landcare Research
Project Champion: Scott Grindal, ConocoPhillips
Summary:
The boreal ecotype of woodland caribou (Rangifer tarandus caribou) is listed as threatened by the
Committee on the Status of Endangered Wildlife in Canada and under the federal Species at Risk Act
(SARA) (Environment Canada 2008). In northeastern Alberta, Canada, caribou have been extirpated from
about 60% of their historical range and all currently monitored herds have shown declines in recent
years. Although a number of factors have been implicated in these population declines, predation has
been identified as the primary proximate factor in Alberta as well as in other jurisdictions. Wolves (Canis
lupus) are believed to be responsible for most adult female mortality. However, populations have
declined not only because of low adult female survival but also low calf survival and subsequent low
recruitment to the population. Although wolves are likely contributing to low survival of caribou calves,
grizzly bears (Ursus arctos), black bears (U. americanus), coyotes (C. latrans), and wolverine (Gulo gulo)
also are believed to be important predators of calves.

Coyotes were historically absent from non-prairie Alberta; however, they have expanded north and west
to include most of the mountainous and northern boreal forest of the province. Although this new
predator in the boreal forest could directly and indirectly impact a wide variety of prey and predator
species, their ecology in this ecosystem is poorly understood. A recent study in northeastern Alberta by
Latham et al. (in review) found that most coyotes showed positive selection for peatland-type habitats
preferred by caribou during the calving season and also a small proportion of caribou calf in coyote diet,
suggesting that although caribou are not important prey for coyotes they are incidental prey. However,
evidence from eastern Canada suggests that invading coyotes can be effective predators of caribou,
negatively affecting recruitment and population viability.

In the boreal forest, black bears prey on calves of caribou, elk (Cervus elaphus), and moose (Alces alces),
as well as fawns of white tailed deer. In eastern Canada, Pinard et al. (2012) found that ≥ 50% of caribou
calf mortality could be attributed to predation by black bears. In northeastern Alberta, Latham et al.
(2011b) showed that habitat selection by individual black bears in caribou range was highly variable,
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with approximately one-third of bears showing positive selection for habitats similar to those selected
by caribou.

Outcome and uptakes:
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Linear Features Inventory and Characterization of Selected Portions of the West Side Athabasca
Caribou Range (WSAR), Northeast Alberta (2010)
Researcher: Derek Fisher, GreenLink Forestry Inc.
Project Champion: Amit Saxena, Devon
Summary:

Outcome and uptakes:
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Wolf Movements in Relation to Natural and Industrial Landscape Features on Caribou Range on East
Slopes of Rocky Mountains BC (2008)
Researcher: Dale Seip, Ministry of Forests
Project Champion:
Summary:

Outcome and uptakes:
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Development of Ecologically-based Criteria to Assess the Impact and Recovery of Seismic Lines (2008)
Researcher: Erin Bayne, University of Alberta
Project Champion: Karen Halwas, Paramount Resources
Summary:

Outcome and uptakes:
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Assessment of Species at Risk Setback Distances Relative to Oil and Gas Activity (2005, 2006 and
2007)
Researcher: Corey Linnen, Northern Envirosearch and Doug Terry, Northern Envirosearch
Project Champion: Nicole Haakenson, Nexen Inc.
Summary:
The federal Species at Risk Act (SARA) became enforceable on June 1, 2004 to provide for the legal
protection of wildlife species and conservation of biodiversity. It applies to all wildlife species listed as
being at risk and their critical habitat. There are currently over 100 species protected by SARA. Setback
distances, outlined by the Standardized Guidelines for Petroleum Activity within Areas of Species at Risk,
have been developed based on consultation with industry and biological authorities. These species
setback distances and applicable timing are based on a 3D matrix, which includes the type, magnitude
and associated risk of the disturbance.

Outcome and uptakes:
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Changes in Alternative Prey Density in Fen/Bog Complexes May Affect the Spatial Separation of
Caribou from Wolves (2006)
Researcher: David Latham, University of Alberta
Project Champion: Rob Staniland, Talisman Energy
Summary:
The North American range of the woodland caribou (Rangifer tarandus caribou) has undergone a
gradual but significant recession northward since European settlement. A number of factors have been
implicated in the recent declines of woodland caribou, e.g. human settlement, habitat destruction,
hunting, and elevated levels of industrial activity. There is mounting evidence to suggest that predation
(particularly by wolves) is a major cause in the declines of caribou populations in western Canada.

As caribou have historically coexisted with predators in the boreal forest for thousands of years and yet
only now face extirpation from large parts of western Canada, it is likely that caribou-predator dynamics
have been altered, perhaps by recent large-scale anthropogenic disturbances.

Outcome and uptakes:
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Alberta Biodiversity Monitoring Program (2005 and 2006)
Researcher: Kirk Andres, Alberta Research Council
Project Champion: Peter Koning, ConocoPhillips Canada
Summary:
The rate, diversity, and magnitude of industrial development in Alberta has increased rapidly in recent
decades and is projected to grow substantially in the future, as human populations and related
infrastructure grow. This growth has already produced a considerable impact upon landscapes in the
province, and careful management is required to ensure that the cumulative impacts of developments
do not adversely affect biodiversity and the environment in general.
Addressing this concern is important to the competitiveness of Alberta economies because market
forces are increasingly demanding that protection of ecosystems and biodiversity be clearly
demonstrated as conditions of product sales. Industrial players in Alberta have demonstrated strong
commitments to using adaptive management processes in the conduct of their businesses.

Outcome and uptakes:
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Woodland Caribou Research (2005 and 2006)
Researcher: Brian Coupal, West Central Caribou Range Restoration Project and Sarah Boyle, Devon
Project Champion: Carol Engstrom, Husky Energy
Summary:
The goal of the Caribou Range Restoration Project is to speed the recovery of linear disturbances (roads,
seismic lines and pipelines) and other human developments, so that their negative effects on woodland
caribou, and other sensitive wildlife species, are lessened and eventually eliminated. Specific objectives
are to promote the re-growth of native vegetation on human disturbances, reduce the benefits of linear
disturbances to wolves (and other predators) and humans, and re-vegetate disturbances so that they
are no longer avoided by caribou, and no longer act as a barrier to caribou movement.

Outcome and uptakes:
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Boreal Caribou: Telemetry Project (Bistcho Lake/Cameron Hill Herds (2006)
Researcher: Pat Cabezas, Boreal Caribou Committee
Project Champion: Shad Watts, Devon Energy
Summary:
The plight of the Woodland Caribou herds residing in Canada's northern boreal forests have been well
documented. Currently, the species is considered as 'threatened' in central and western Canada and 'at
risk' in Alberta. The main threat to Woodland Caribou is related to habitat loss due to industrial activity
in these areas. However, habitat mapping strategies to date have lacked precision, as habitat
relationships are not fully understood, and land cover mapping is neither consistent nor complete. The
key component of successful conservation strategies is accurate information about habitat
characterization in order to predict the occurrence of Woodland Caribou.

Outcome and uptakes:
The main conclusion of this study was the spectral signature characteristics extracted from the satellite
imagery can be related to caribou use and avoidance, therefore applicable for use in habitat mapping in
remote areas where satellite imagery is the only practical source of information. In fact, conservation
planning using this methodology has already been applied in northeastern Alberta in range planning
exercise conducted by the Boreal Caribou Committee.
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2013 Air Public Policy Issues and Knowledge Gaps

PUBLIC POLICY ISSUE

ASSOCIATED KNOWLEDGE GAP(S)
The filterable fraction of particulate matter is currently included in emission inventories and
environmental assessments. It is anticipated that the condensable fraction, in addition to the
filterable fraction, may be required in the future. A project that investigates currently available
filterable and condensable emission factors, evaluates their accuracy, and develops and
implements a test plan to improve the factors is required. As a starting point, the following is a
list of references tables containing particulate emission factors:
– natural gas‐fired turbines: AP‐42 Table 3.1‐2a
– natural gas‐fired reciprocating engines: AP‐42 Tables 3.2‐1, 3.2‐2 and 3.2‐3

Development and evaluation of the relationships between NOx, N2O, and CO emissions and
engine process parameters, such as exhaust temperature, pressure and oxygen concentration,
is requested.

Reducing emissions of targeted compounds sometimes has negative or collateral impacts on
other substances. One well documented example involves reciprocating engines, where
lowering NOx emissions could result in increased greenhouse gas emissions. An investigation
of similar trade-offs associated with other combustion sources, such as boilers and heaters, is
required.

An investigation of the sources and substances likely to cause odour from Upstream Oil and
Gas Facilities events, as well as available measurement methods and the mitigative measures
that may be employed to avoid these events, is required.

Source identification and quantification of these compounds at Upstream Oil and Gas Facilities
is required.

• PCB's

• Radionuclides

• Para‐cresol

• Ultrafine particulate matter

– Large Stationary Diesel and All Stationary Dual‐fuel Engines: AP‐42 Table 3.4‐2
Improving air emissions inventories through improved emissions factors
and reporting methodologies. Air emissions inventories are becoming – external natural gas consumption: AP‐42 Table 1.4‐2
an increasingly important method of monitoring and reporting on
– external LPG consumption: AP‐42 Table 1.5‐1
industry emissions, for the public, governments, and individual
companies. Further, governments are beginning to use these
emissions inventories to negotiate international treaties, establish A project that assesses currently available emission factors for particulate matter speciation
and supplements this data with test data, if appropriate, is required.
air emissions policy measures and targets, and develop forecasts.
As such, it is important that the UOG operators report facility
emissions using standardized methodologies and emissions factors Current methods for estimating reduced sulphur compounds based on continuous emissions
monitoring (CEMs) of sulphur dioxide involve a significant degree of uncertainty. Improved
with low uncertainty, and have access to a wide variety of effective
methods for determining the concentration of reduced sulphur compounds are needed.
emissions monitoring technologies.
Some N2O (nitrous oxide) emission estimation methods for reciprocating engines calculate N2O
emissions as a fraction of total NOx emissions. However, the effect of engine loading on NOx
concentration is not well understood nor is the relationship between N2O and NOx. Methods for
estimating NOx emissions as a function of engine loading, as well as alternative methods for
calculating the associated N2O emissions are required.
Understanding the emissions of metals from external and internal natural gas combustion
sources are of interest. The data currently available from the EPA has a low rating for accuracy. A
test program to evaluate metal emissions and develop associated emission factors from
Upstream Oil and Gas Facilities is required.
Ambient Air Quality Objectives are routinely reviewed and revised. Future compounds of
potential interest include:
• Mercury
Identification and estimation of sources of emission for substances of
concern. Air quality objectives are continuously being reviewed and
updated. To determine the impact of such policy changes, it is
important for industry to understand the contribution UOG facilities
have to the substances being reviewed. For example, as part of AENV
ambient air quality objectives process, a list of priority substances
have been put forward for review.

Understanding the relationship between source emissions and ambient air
concentrations. All levels of Governments and health agencies (local
to international) are increasingly using ambient air quality
benchmarks (objectives, standards, guidelines, etc) as a means to
achieve and maintain air quality in respective jurisdictions. To
determine the impact of such policy measures on the UOG, it is
important for industry to understand how air pollutant emissions
contribute to and affect the ambient conditions surrounding UOG
facilities.
Advance the Development of New or emerging air emission reduction
technologies. For industry to evaluate the impact of potential policy
measures to control air pollutants and greenhouse gases, they need
to assess emerging technologies that have not yet been proven for
commercial use. To assess the suitability of the technology, industry
requires knowledge of the overall reduction potential and costeffectiveness. To that end, industry should also understand the
trade-offs and full life-cycle of each technology (i.e., increased
collateral emissions specifically GHG, carbon monoxide and
unburned hydrocarbons, fuel usage, from gas fire reciprocating
engines, etc) so that a net environmental benefit is achieved
through broad technological deployment.

RECOMMENDED PROJECTS

 Gap Analysis for the Stationary Combustion Filterable and Condensable
Particulate Matter Emissions Factors – Todd Tamura, Tetra Tech

Development of a Model to Predict Benzene Emissions from Glycol Dehydrators
with Condensation Tanks – James Holoboff, Process Ecology

 Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in
the Flare Stream – Matt Johnson, Carleton University

 Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in
the Flare Stream – Matt Johnson, Carleton University

Investigation of the characteristics of ultrafine particles for improved PM
emission factor reporting for flares – Jason Olfert, U of A

 Development of N2O Emission Factors for UOG Fired Equipment – David
Picard, Clearstone Engineering Ltd.

Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in the Flare
Stream – Matt Johnson, Carleton University
Investigation of the characteristics of ultrafine particles for improved PM
emission factor reporting for flares – Jason Olfert, U of A
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PUBLIC POLICY ISSUE

Improving air emissions inventories through improved emissions factors
and reporting methodologies. Air emissions inventories are becoming
an increasingly important method of monitoring and reporting on
industry emissions, for the public, governments, and individual
companies. Further, governments are beginning to use these
emissions inventories to negotiate international treaties, establish
air emissions policy measures and targets, and develop forecasts.
As such, it is important that the UOG operators report facility
emissions using standardized methodologies and emissions factors
with low uncertainty, and have access to a wide variety of effective
emissions monitoring technologies.

ASSOCIATED KNOWLEDGE GAP(S)
Improved emissions factors for volatile organic compounds from all sources, including fugitive
emissions.

Updating fugitive emissions factors post ERCB's fugitive emissions management requirements

The potential emissions associated with flaring non hydrocarbon liquids are not well
understood. Review and evaluate the potential for flaring natural gas where there is nonhydrocarbon liquid in the flare stream, and determining the emissions characteristics.

Identify sources and quantify contributions for the following compounds from UOG facilities.
Identification and estimation of sources of emission for substances of
ultra-fine PM, Arsenic and Cadmium.
concern. Air quality objectives are continuously being reviewed and
updated. To determine the impact of such policy changes, it is
important for industry to understand the contribution UOG facilities
have to the substances being reviewed. For example, as part of AENV
ambient air quality objectives process, a list of priority substances
have been put forward for review.

Understanding the relationship between source emissions and ambient air
concentrations. All levels of Governments and health agencies (local
to international) are increasingly using ambient air quality
benchmarks (objectives, standards, guidelines, etc) as a means to
achieve and maintain air quality in respective jurisdictions. To
determine the impact of such policy measures on the UOG, it is
important for industry to understand how air pollutant emissions
contribute to and affect the ambient conditions surrounding UOG
facilities.

RECOMMENDED PROJECTS

 Emissions from flares with non-hydrocarbon liquids in the flare stream

 Field Measurement of Black Carbon Emissions from Flares

 Evaluation of Emissions in the Upstream Oil and Natural Gas Industry

 Evaluation of air emissions associated with hydraulic fracturing

Field Measurement of Black Carbon Emissions from Flares

 Evaluation of Emissions in the Upstream Oil and Natural Gas Industry

 Phase II Non-Routine Flaring Modeling Tool Development
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PUBLIC POLICY ISSUE
Improving air emissions inventories through improved emissions factors
and reporting methodologies. Ai r e mi s s i ons i nve ntori e s a re be comi ng
a n i ncre a s i ngl y i mporta nt me thod of moni tori ng a nd re porti ng on
i ndus try e mi s s i ons , for the publ i c, gove rnme nts , a nd i ndi vi dua l
compa ni e s . Furthe r, gove rnme nts a re be gi nni ng to us e the s e
e mi s s i ons i nve ntori e s to ne goti a te i nte rna ti ona l tre a ti e s , e s ta bl i s h
a i r e mi s s i ons pol i cy me a s ure s a nd ta rge ts , a nd de ve l op fore ca s ts .
As s uch, i t i s i mporta nt tha t the UOG ope ra tors re port fa ci l i ty
e mi s s i ons us i ng s ta nda rdi ze d me thodol ogi e s a nd e mi s s i ons fa ctors
wi th l ow unce rta i nty, a nd ha ve a cce s s to a wi de va ri e ty of e ffe cti ve
e mi s s i ons moni tori ng te chnol ogi e s .

ASSOCIATED KNOWLEDGE GAP(S)

Improved emissions factors for volatile organic compounds from all sources, including fugitive emissions.

Upda ti ng fugi ti ve e mi s s i ons fa ctors pos t ERCB's fugi ti ve e mi s s i ons ma na ge me nt re qui re me nts
The pote nti a l e mi s s i ons a s s oci a te d wi th fl a ri ng non hydroca rbon l i qui ds a re not we l l
unde rs tood. Re vi e w a nd e va l ua te the pote nti a l for fl a ri ng na tura l ga s whe re the re i s nonhydroca rbon l i qui d i n the fl a re s tre a m, a nd de te rmi ni ng the e mi s s i ons cha ra cte ri s ti cs .

RECOMMENDED PROJECTS

A11 - Practical Defensible PM 2.5 Emission Facdtors for Flares

A04 - A Critical Examination of Trace Gases Emissions Gaseous Combustion Sources.
A29 - Development of Improved Emission Factors and Speciation Data for Heated
Heavy Oil Storage Tanks

De ve l op cos t-e ffe cti ve NOx re ducti ons opportuni ti e s for ne w a nd e xi s ti ng boi l e rs a nd he a te rs

A12 - Nox Reduction for Fired Equipment in Upstream O&G via Burner Design and
Control.
A30 - Nox, GHG, and Energy Reduction
Strategies for Boilers and Heaters.

A12 - Nox Reduction for Fired Equipment in Upstream O&G via Burner Design and
Control.
A30 - Nox, GHG, and Energy Reduction
Strategies for Boilers and Heaters.

A28 - Evaluation of Mercury and Other Emissions in the Upstream Oil and Natural
Gas Industry

De ve l op e mi s s i on profi l e s of NOx, CO, GHGs , a nd unburne d hyudroca rbons for e mi s s i on control
te chnol ogi e s for na tura l ga s fi re d re ci proca ti ng e ngi ne s .

A27 - Evaluation of Convective Mixing Losses in Aboveground Storage Tanks.
A14 - Photolytic Degradation of BTEX from the Oil and Gas Industry

CALPUFF is a software program universally accepted by the provincial regulators (AENV and
ERCB) and industry for modelling the dispersion of SO2 from UOG facilities. Both industry and
regulators would like to see an Alberta-specific Calpuff model to incorporate unique
algorithms around routine and non-routine flaring.

Ide nti fy ma te ri a l s ource s of be nze ne e mi s s i ons , be yond gl ycol de hydra tors , from ups tre a m oi l
a nd ga s a cti vi ti e s .

Identification and estimation of sources of emission for substances of
Ide nti fy s ource s a nd qua nti fy contri buti ons for the fol l owi ng compounds from UOG fa ci l i te s .
concern. Ai r qua l i ty obje cti ve s a re conti nuous l y be i ng re vi e we d a nd
Me rcury, ul tra -fi ne PM, Acrol e i n, Ca rbonyl Sul phi de , Ammoni a , Ars e ni c a nd Ca dmi num.
upda te d. To de te rmi ne the i mpa ct of s uch pol i cy cha nge s , i t i s
i mporta nt for i ndus try to unde rs ta nd the contri buti on UOG fa ci l i te s
ha ve to the s ubs ta nce s be i ng re vi e we d. For e xa mpl e , a s pa rt of AENV
a mbi e nt a i r qua l i ty obje cti ve s proce s s , a l i s t of pri ori ty s ubs ta nce s
ha ve be e n put forwa rd for re vi e w.

Understanding the relationship between source emissions and ambient air
concentrations. Al l l e ve l s of Gove rnme nts a nd he a l th a ge nci e s (l oca l
to i nte rna ti ona l ) a re i ncre a s i ngl y us i ng a mbi e nt a i r qua l i ty
be nchma rks (obje cti ve s , s ta nda rds , gui de l i ne s , e tc) a s a me a ns to
a chi e ve a nd ma i nta i n a i r qua l i ty i n re s pe cti ve juri s di cti ons . To
de te rmi ne the i mpa ct of s uch pol i cy me a s ure s on the UOG, i t i s
i mporta nt for i ndus try to unde rs ta nd how a i r pol l uta nt e mi s s i ons
contri bute to a nd a ffe ct the a mbi e nt condi ti ons s urroundi ng UOG
fa ci l i ti e s .

Improving air emissions estimation methodologies. Envi ronme nt
a s s e s s me nts a re a ke y compone nt to ne w a nd re ne wi ng fa ci l i ty
a pprova l s a nd l i ce ns e s . A s i gni fi ca nt compone nt of the a s s e s s me nt
i s for compa ni e s to de mons tra te compl i a nce wi th re gul a ti ons a nd
re qui re me nts re l a ti ng to a i r e mi s s i ons a nd a mbi e nt a i r qua l i ty.
Compa ni e s us e di s pe rs i on mode l i ng a s a me thod to pre di ct
fa ci l i ti e s ' compl i a nce wi th the re gul a ti ons . Hi s tory s hows tha t the
di s pe rs i on mode l l i ng pre di cti ons a re ofte n much hi ghe r tha n
me a s ure d conce ntra ti ons . As s uch, i ndus try woul d l i ke to groundtruth or va l i da te di s pe rs i on mode l i ng s oftwa re us e d for fa ci l i ty
a pprova l s

De ve l op profi l e of cos t-e ffe cti ve VOC re ducti on opportuni ti e s for ke y s ource s i n UOG.

Developing emissions reductions opportunities through best
management practices, industry recommended practices or
standard operating practices. Certain air pollutants , s uch as volatile
organic com pounds (VOCs ), are difficult to m eas ure and control, and Best management practices, or industry recommended practices that effectively reduce
A12 - Nox Reduction for Fired Equipment in Upstream O&G via Burner Design and
are therefore not readily regulated or capped by governm ents . An
emissions of volatile organic compounds (VOCs) from sources that are difficult to measure (ie.,
Control
alternative policy m eas ure to hard caps is the developm ent and
equipment leaks, well clean-ups, etc).
deploym ent of codes of practices for m anaging and reducing of s uch
pollutants . Indus try requires inform ation on the potential for codes of
practices to effectively m anage and reduce em is s ions .

Identifying effective air emissions reduction opportunities currently
available to industry. For i ndus try to e va l ua te the i mpa ct of pote nti a l
pol i cy me a s ure s to control a i r pol l uta nts a nd gre e nhous e ga s e s , a nd
to me e t e s ta bl i s he d gove rnme nt re gul a ti ons a nd ta rge ts , i t i s
i mporta nt to ha ve a compre he ns i ve unde rs ta ndi ng of a l l e qui pme nt
pe rforma nce s ta nda rds a nd e mi s s i ons control te chnol ogi e s
a va i l a bl e to i ndus try. To a s s e s s the s ui ta bi l i ty of the e qui pme nt,
i ndus try re qui re s knowl e dge of the ove ra l l re ducti on pote nti a l a nd
cos t-e ffe cti ve ne s s . To tha t e nd, i ndus try s houl d a l s o unde rs ta nd the
tra de -offs a nd ful l l i fe -cycl e of e a ch te chnol ogy (i .e ., i ncre a s e d
col l a te ri a l e mi s s i ons s pe ci fi ca l l y GHG, ca rbon monoxi de a nd
unburne d hydroca rbons , fue l us a ge , from ga s fi re re ci proca ti ng
e ngi ne s , e tc) s o tha t a ne t e nvi ronme nta l be ne fi t i s a chi e ve d
through broa d te chnol ogi ca l de pl oyme nt.
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PUBLIC POLICY ISSUE

ASSOCIATED KNOWLEDGE GAP(S)

Reclamation effectiveness of native prairie

Reclamation effectiveness of wetlands

The role of predation in woodland caribou population declines. Predation is
recognized as the primary source of mortality, and the proximate
cause of population declines, in woodland caribou - but it is
Predator use of habitats and anthropogenic features in and around caribou ranges and effects
important to know which predators are preying on caribou and how?
of predation on caribou (adults females and males and calves) throughout the year
Wolves are thought to be the primary predators of caribou
throughout their range, but predation by bears and other predators
is unknown and may be significant.

The effectiveness of industrial footprint reclamation or functional
restoration. One of the primary challenges facing the oil and gas
industry is effectively returning a range of landscapes to predisturbance or design conditions.

Wildlife (including mammal, amphibian and bird) use of reclaimed habitats compared to predisturbed habitats

The effectiveness of mitigation activities. The oil and gas industry is
Wildlife (particularly ungulates and predators) use of seismic lines and other linear features
committed to mitigating negative environmental impacts wherever
possible. Mitigation specifically refers to measures identified to
avoid, minimize or remedy impacts to, in this case, natural
resources. These mitigation measures ideally lead to practical
Field monitoring and existing data review of wildlife responses to above-ground pipelines of
action to offset the adverse environmental impacts of oil and gas varying heights and effectiveness of wildlife crossing structures for maintaining wildlife
activity, however it is important that they be tested and proven to be movement around above-ground pipelines
effective in meeting their objective.
Field trials testing recently identified setback distances including a variety of disturbances and
industrial facilities with respect to wildlife responses to above-ground pipelines of varying
heights
Wildlife responses to oil and gas activity. The responses of wildlife
species to oil and gas activity vary, and relatively little information Field monitoring and existing data review in zones of influence and resultant setback distances
exists on causal mechanisms for these responses (i.e., are wildlife for a variety of oil and gas activities and a variety of wildlife species, particularly species at risk
activities simply correlated with oil and gas activity or are they
and species of management concern (eg. ungulates, bears)
actually a result of oil and gas activity versus some other factor).

RECOMMENDED PROJECTS

 Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou
Calves: Implications for Management – Craig DeMars, U of A

 Grizzly bears and pipelines: response to unique linear features (Year 2) –
Gordon Stenhouse, FRI
 The Role of Predation by Wolves and Bears in Caribou Declines in WestCentral Alberta – Marco Musiani, U of C

 Removing the Wellsite Footprint, Phase II: Wetland Reclamation – Terry
Osko, U of A
 Peatland Restoration of Abandoned Oil and Gas Well Sites – Hugh
Seaton, NAIT
 We Have a Reclamation Certificate, But is it Good Enough? Long-term
Reclamation Monitoring of Oil and Gas Footprints – Dan Farr, ABMI
 Long-term Revegetation Success of Industry Reclamation Techniques in
the Northern Fescue Natural Subregion – Jane Lancaster, Kestrel Research
Inc.
 Evaluating the Revegetation Success of Foothills Fescue Grassland – Jay
Woosaree, AITF
 We Have a Reclamation Certificate, But is it Good Enough? Long-term
Reclamation Monitoring of Oil and Gas Footprints – Dan Farr, ABMI

 Grizzly bears and pipelines: response to unique linear features (Year 2) –
Gordon Stenhouse, FRI

 We Have a Reclamation Certificate, But is it Good Enough? Long-term
Reclamation Monitoring of Oil and Gas Footprints – Dan Farr, ABMI

 Grizzly bears and pipelines: response to unique linear features (Year 2) –
Gordon Stenhouse, FRI

 A tool to assess cumulative effects of in-situ oil sands development on
biodiversity. – Jim Schieck, AITF & ABMI
 White‐tailed Deer Distribution and Density in Alberta's Boreal Forest –
Jason Fisher, AITF

 Evaluating the Ecological Risk of Oil and Gas Development on
Ferruginous Hawks – Erin Bayne, U of A
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PUBLIC POLICY ISSUE

Ecosystem (and component) responses to oil and gas activity

Effectiveness of Industrial Footprint Reclamation

Effectiveness of Mitigation Activities

ASSOCIATED KNOWLEDGE GAP(S)
boreal woodland caribou behavioral responses to oil and gas developments
boreal woodland caribou calving habitat selection (predation risk)
boreal woodland caribou movement requirements within home ranges and herd boundaries
(dispersal, etc.)

RECOMMENDED PROJECTS

 Use of Anthropogenic Linear Features by Alternative Predators in
Woodland Caribou Range

 The Role of Predation in Woodland Caribou Declines in West-Central
Alberta (year 2)

predator use of anthropogenic features associated with oil and gas developments

 White-tailed Deer Distribution and Density in Alberta's Boreal Forest

ungulate, especially boreal woodland caribou, responses to above-ground pipelines (AGPs)

moose and deer use of anthropogenic features in and around in situ oil sands developments

 Grizzly Bears and Pipelines: Response to Unique Linear Features

 Disturbance Zones of Influence on Boreal Songbird Communities in
Northern Alberta
 Evaluating the Ecological Risk of Oil and Gas Development on
Ferruginous Hawks - Year 2

grizzly bear responses to oil and gas development
yellow rail presence, population parameters and responses to oil and gas development
fish and fish habitat responses to oil and gas development
amphibian responses to oil and gas development
characterization of wildlife zones of influence and effectiveness of associated setback
distances for oil and gas activities
Instream Flow Needs (IFN) of priority watercourses in regions of high intensity development

cumulative effects of oil and gas development

 Cumulative Effects Assessment: Predicting Direct and Indirect Effects of
Energy Developments
 Disturbance Zones of Influence on Boreal Songbird Communities in
Northern Alberta
 Evaluating the Ecological Risk of Oil and Gas Development on
Ferruginous Hawks - Year 2

 Removing the Wellsite Footprint - Phase II: Wetland Reclamation and
Extended Monitoring of Upland Phase
 Updated Industrial Revegetation Guidelines for the Mixed Grass Prairie
Natural Subregion

fate of hydrocarbons and contaminants in different ecosystems
effectiveness of wetland reclamation (function, habitat, hydrology) following a range of
disturbance types (both semi-permanent and more temporary disturbances) and on a range of
wetland types (permanent lakes and ponds, bogs, fens, peatlands)

 Evaluating the Revegetation Success of Foothills Fescue Grassland

 Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou
Calves: Implications for Management
 Use of Anthropogenic Linear Features by Alternative Predators in
Woodland Caribou Range

effectiveness of interim reclamation (minimizing operational footprint thru pace of
reclamation)
effectiveness of upland and forest reclamation on forested ecosites
effectiveness of natural vs managed reclamation of seismic lines of various widths, types and
habitats (i.e., when can a line come off the map?)
restoration of old-growth forest characteristics
Flora and fauna use of (and response to) reclaimed habitats compared to pre-/un-disturbed
habitats
effectiveness of tools to deter predator and primary prey use of seismic lines and other linear
features
use and effectiveness of artificial and anthropogenic structures for old-growth dependent
species (birds, mammals)
effectiveness of wildlife deterrents for oil and gas facilities, sites and features
effectiveness of water recycling and re-use technologies
effectiveness of human access control measures and strategies
effectiveness of surveys and predictions for rare plant occurrence and mitigation tools to
conserve rare plants
effectiveness of techniques to minimize presence of invasive species
effectiveness of mitigations for stream crossings by linear features
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PUBLIC POLICY ISSUE

ASSOCIATED KNOWLEDGE GAP(S)

Reclamation effectiveness of native prairie

Reclamation effectiveness of wetlands

RECOMMENDED PROJECTS

E09 - Removing the Wellsite Footprint

The role of predation in woodland caribou population declines. Predation is
recognized as the primary source of mortality, and the proximate
cause of population declines, in woodland caribou - but it is
Predator use of habitats and anthropogenic features in and around caribou ranges and effects E06 - Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou Calves:
important to know which predators are preying on caribou and how?
of predation on caribou (adults females and males and calves) throughout the year
Implications for Management
Wolves are thought to be the primary predators of caribou
throughout their range, but predation by bears and other predators
is unknown and may be significant.

The effectiveness of industrial footprint reclamation. One of the primary

The effectiveness of mitigation activities. The oil and gas industry is
commited to mitigating negative environmental impacts wherever
possible. Mitigation specifically refers to measures identified to
avoid, minimize or remedy impacts to, in this case, natural
resources. These mitigation measures ideally lead to practical
action to offset the adverse environmental impacts of oil and gas
activity, however it is important that they be tested and proven to be
effective in meeting their objective.

Wildlife (particularly ungulates and predators) use of seismic lines and other linear features
Field monitoring and existing data review of wildlife responses to above-ground pipelines of
varying heights and effectiveness of wildlife crossing structures for maintaining wildlife
movement around above-ground pipelines
Field trials testing recently identified setback distances including a variety of disturbances and
industrial facilities with respect to wildlife responses to above-ground pipelines of varying
heights

Wildlife responses to oil and gas activity. The responses of wildlife
species to oil and gas activity vary, and relatively little information Field monitoring and existing data review in zones of influence and resultant setback distances
exists on causal mechanisms for these responses (i.e., are wildlife for a variety of oil and gas activities and a variety of wildlife species, particularly species at risk
activities simply correlated with oil and gas activity or are they
and species of management concern (eg. ungulates, bears)
actually a result of oil and gas activity versus some other factor).

E05 - Grizzly Bear Response to Oil and Gas Development and Activities in Alberta.
E06 - Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou Calves:
Implications for Management. E07 - Effects of Oil and Gas Development on
Grassland Birds. E22 - Evaluating the Ecological Risk of Oil and Gas Development on
Ferruginous Hawks

E04 - When is reclamation success achieved, using the 2010 Reclamation Criteria as
challenges facing the oil and gas industry is effectively returning a
Wildlife (including mammal, amphibian and bird) use of reclaimed habitats compared to pre- a guide? E19 - Long Term Revegetation Success of Industry Reclamation Techniques
range of landscapes to pre-disturbance conditions.
disturbed habitats
for Native Prarie.
E21 - Evaluating the Revegetation
Success of Foothills Rescue Grassland
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PUBLIC POLICY ISSUE

Additional Science for the Refinement of Regulatory
Guidelines/Directives/Policies/Criteria. The degree of cons erva tis m
current i n s ome regul a tory gui del i nes ca n be l i nked to s ome
unneces s a ry remedi a l efforts throughout the petrol eum i ndus try.
The devel opment of a ccepted s ci entifi c s tudi es to reduce thes e
cons erva tis ms woul d ul tima tel y l ea d to a reduction i n percei ved
wa s te goi ng to l a ndfi l l a nd a reduction i n remedi a l cos ts .

 Propos ed Thi rd Pa rty Revi ew for PTAC SAR Subs oi l Gui del i nes Project –
Mi l es Ti nda l , Mi l l enni um EMS Sol utions Ltd.

RECOMMENDED PROJECTS
 Development of EcoContact Soil Selenium Guideline - Tony Kna fl a ,

Devel opi ng ri s k ba s ed envi ronmenta l a s s es s ment a nd remedi a tion gui del i nes for Sel eni um a s
i t rel a tes to s ul pha te (a nd other toxi ci ty modi fi er) concentra tions i n s oi l .
Sodi um a nd Chl ori de toxi c effects don't a ppea r to be properl y repres ented by the current mg/kg
dry wei ght s ta nda rd for pea t s oi l s , movement towa rds a s ta nda rd on a wet wei ght (mg/L) ba s i s
ma y better repres ent a ctua l toxi c effects for pea t s oi l s .
Devel opment of ri s k-ba s ed envi ronmenta l a s s es s ment a nd remedi a tion gui del i nes for s ubs oi l
SAR bel ow the root-zone. Devel opment of gui da nce for i mpl ementa tion on a Ti er 1, Ti er 2,
a nd/or s i te-s peci fi c ba s i s .
Addi tiona l res ea rch requi red a round s etti ng a Fres h Wa ter Aqua tic Li fe cri teri a for Chl ori de,
s peci fi ca l l y l ooki ng a t the ha rdnes s a s a toxi ci ty modi fi er.
Devel opment of ri s k-ba s ed envi ronmenta l a s s es s ment a nd remedi a tion gui del i nes for s a l t
rel ea s es to mus keg a nd other wetla nd s etti ngs , a nd eva l ua tion of effective a nd a ppropri a te
remedi a tion s tra tegi es .

 Va pour Emi s s i ons from Ex‐Si tu Remedi a tion – Ia n Mi tchel l , Meri di a n
Envi ronmenta l Inc.

ASSOCIATED KNOWLEDGE GAP(S)

Eva l ua tion of l i fe cycl e emi s s i ons of ex s i tu remedi a tion wi th a nd wi thout the us e of bi ofi l ters ,
i ncl udi ng cons i dera tion of the production a nd fa te of the bi ofi l ters ; a nd col l ection of emi s s i ons
da ta from ex s i tu trea tment of s oi l s tha t woul d otherwi s e requi re trea tment i n a Cl a s s I l a ndfi l l .

 Upda tes a nd Upgra des to Al berta Envi ronment Subs oi l Sa l i ni ty Tool (SST)
Softwa re a nd Ma nua l – Tony Kna fl a , Equi l i bri um Envi ronmenta l Inc.

 A ra pi d bi oa s s a y for predi cting toxi ci ty of PHC-conta mi na ted s oi l (Pha s e 3)
of 3 - John As hworth, ALS Envi ronmenta l
 Devel opment of a Ti er 2 SSRO Deri va tion Proces s Beyond the Pa s s /Fa i l
Approa ch (Pha s e 2) - Gl a dys Stephens on, Sta ntec Cons ul ting
 Us i ng La bora tory Sa tura tion Percenta ges to Es tima te Soi l Texture - Tony
Kna fl a , Equi l i bri um Envi ronmenta l Inc.
 Devel opment of a Ti er 2 SSRO Deri va tion Proces s Beyond the Pa s s /Fa i l
Approa ch (Pha s e 2) - Gl a dys Stephens on, Sta ntec Cons ul ting

 A ra pi d bi oa s s a y for predi cting toxi ci ty of PHC-conta mi na ted s oi l (Pha s e 3)
of 3 - John As hworth, ALS Envi ronmenta l

 Upda tes a nd Upgra des to Al berta Envi ronment Subs oi l Sa l i ni ty Tool (SST)
Softwa re a nd Ma nua l – Tony Kna fl a , Equi l i bri um Envi ronmenta l Inc.

 Development of risk-based soil quality guidelines for selected trace
metals – Ia n Mi tchel l , Meri di a n Envi ronmenta l Inc.

 Development of a Reduced Analytical Suite of Upstream Oilfield Metals
for Groundwater Monitoring – Mi l es Ti nda l , Mi l l enni um EMS Sol utions Ltd.

 FWAL Chlorides - Tony Kna fl a , Equi l i bri um Envi ronmenta l Inc.

Equi l i bri um Envi ronmenta l Inc.

Devel opment of ri s k-ba s ed envi ronmenta l a s s es s ment a nd remedi a tion gui del i nes for s ubs oi l
SAR bel ow the root-zone. Devel opment of gui da nce for i mpl ementa tion on a Ti er 1, Ti er 2,
a nd/or s i te-s peci fi c ba s i s .
Devel opment of a protocol for s oi l texture dependent gui del i nes to l i mi t the a ppl i ca tion of s oi l
eco-conta ct gui del i nes i n s ubs oi l ba s ed on tree rooting depths i n the green zone of Al berta .
Pl a nt s peci es s ens i tivi ty to petrol eum hydroca rbons
Fi el d Studi es / Da ta Col l ection tha t a ddres s es Pl a nt s peci es s ens i tivi ty to petrol eum
hydroca rbons a t depths bel ow 1.5m.
Refi nement or devel opment of ri s k-ba s ed s oi l qua l i ty gui del i nes for s el ected tra ce meta l s (eg.
Mol ybdenum, a ntimony, beryl l i um, a nd coba l t).

Devel opment of s ul pha te s oi l qua l i ty a nd remedi a tion gui del i nes - eva l ua tion of na tura l s a l t
di s tri bution, fa te a nd tra ns port (f&t) a fter redi s tri bution, s ul pha te, tra ns port model i ng, toxi ci ty
eva l ua tion for the deri va tion of cri teri a for the protection of pota bl e wa ter, FAL, huma n hea l th
Natural versus anthropogenic Impacts. Na tura l concentra tions of certa i n (i nges tion), wi l dl i fe/l i ves tock i nges tion a nd eco-s oi l conta ct expos ure pa thwa ys , i ncl udi ng
el ements exceedi ng or contri bute to a n exceedi ng pa ra meter
ha rmoni za tion of rooting zone el ectri ca l conductivi ty (SCARG) cri teri a .
i dentifi ed i n current regul a tory gui del i nes ca n ca us e el eva ted
Cons truction of a n i ndus try wi de, vol unta ry da ta i nput, geos pa tia l s peci fi c (GIS us a bl e) da ta
remedi a tion a nd recl a ma tion cos ts tha t, wi th proper eva l ua tion,
ba s e to hous e ba ckground s a l i ni ty a nd meta l s da ta i n s oi l .
coul d be reduced i f they ca n be di fferentia ted from a nthropogeni c
Upda te a nd devel opment of ri s k-ba s ed, s oi l qua l i ty a nd remedi a tion gui del i nes for boron
i mpa cts
i ncl udi ng both a gri cul tura l (mi nera l ) s oi l s a nd mus keg/pea t (orga ni c) s oi l s . Eva l ua tion of
di fferent a na l ytica l methodol ogi es to a i d di s tingui s hi ng between na tura l a nd a nthropogeni c
boron i mpa cts . Eva l ua tion of current Al berta boron i rri ga tion gui del i ne compa red to other
Ca na di a n a nd i nterna tiona l gui del i nes .
Petrol eum hydroca rbon i n fra ctured bedrock - effective remedi a l methods , a s s oci a ted ri s ks ,
a s s es s ment effectivenes s a nd rel eva nce to envi ronmenta l ri s k.

Devel opment of pra ctica l fi el d s creeni ng techni ques to reduce cos t a nd time for s i te
i nves tiga tions i n s upport of ri s k a s s es s ment.

Devel opment of pra ctica l remedi a l options for petrol eum hydroca rbons , s a l i ni ty, a nd meta l s
i mpa cts i n wetla nd envi ronments .
Effective i n-s i tu/ex-s i tu groundwa ter trea tment s ys tem(s ) for petrol eum hydroca rbon a nd
s a l i ni ty i mpa cted s i tes
Appl i ca tion of di fferent mea s ures of bi oa va i l a bi l i ty to s upport the deri va tion of ri s k-ba s ed (Ti er
2) remedi a l benchma rks for PHC conta mi na ted s i tes .

Reclamation and remediation technology advancement. Hi gh recl a ma tion Cons truction of a Remedi a l Technol ogi es Deci s i on Ma tri x.
a nd remedi a tion cos ts need to be mi tiga ted or reduced by the
devel opment of new technol ogi es .

Risk Assessment Cost Reduction. Identify a rea s where the boa rd
a ppl i ca tion of ri s k a s s es s ment s tra tegi es ma y reduce the requi red
ma na gement/remedi a tion efforts .

Devel opment a nd refi nement of s oftwa re tool s to a i d i n the s ta nda rdi zed a ppl i ca tion of Ti er 2
gui del i nes us i ng a ppropri a te s i te-s peci fi c da ta .
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PUBLIC POLICY ISSUE

Additional Science for the Refinement of Regulatory
Guidelines/Directives/Policies/Criteria. The degree of conservatism
current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry.
The development of accepted scientific studies to reduce these
conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.

ASSOCIATED KNOWLEDGE GAP(S)
Development of risk-based environmental assessment and remediation guidelines for salt
releases to muskeg and other wetland settings, and evaluation of effective and appropriate
remediation strategies.
Evaluation of life cycle emissions of ex situ remediation with and without the use of biofilters,
including consideration of the production and fate of the biofilters; and collection of emissions
data from ex situ treatment of soils that would otherwise require treatment in a Class I landfill.
Development of risk-based environmental assessment and remediation guidelines for subsoil
SAR below the root-zone. Development of guidance for implementation on a Tier 1, Tier 2,
and/or site-specific basis.
Refinement or development of risk-based soil quality guidelines for selected trace metals (eg.
Molybdenum, antimony, beryllium, and cobalt).
Development of a protocol for soil texture dependent guidelines to limit the application of soil
eco-contact guidelines in subsoil based on tree rooting depths in the green zone of Alberta.
Plant species sensitivity to petroleum hydrocarbons

Field Studies / Data Collection that addresses Plant species sensitivity to petroleum
hydrocarbons at depths below 1.5m.
Lack of a closure mechanism for risk-managed sites. Currently, there is no mechanism for
companies to receive closure on a site that is being risk-managed for contamination. AENV
should evaluate and, if appropriate, develop a process to enable a closure mechanism for riskmanaged sites that ensures landowners do not take on additional liabilities. The studies
would support potential policy change rather than refine current policy.
Development of sulphate soil quality and remediation guidelines - evaluation of natural salt
distribution, fate and transport (f&t) after redistribution, sulphate, transport modeling, toxicity
evaluation for the derivation of criteria for the protection of potable water, FAL, human health
Natural versus anthropogenic Impacts. Natural concentrations of certain (ingestion), wildlife/livestock ingestion and eco-soil contact exposure pathways, including
elements exceeding or contribute to an exceeding parameter
harmonization of rooting zone electrical conductivity (SCARG) criteria.
identified in current regulatory guidelines can cause elevated
Construction of an industry wide, voluntary data input, geospatial specific (GIS usable) data
remediation and reclamation costs that, with proper evaluation,
base to house background salinity and metals data in soil.
could be reduced if they can be differentiated from anthropogenic Update and development of risk-based, soil quality and remediation guidelines for boron
impacts
including both agricultural (mineral) soils and muskeg/peat (organic) soils. Evaluation of
different analytical methodologies to aid distinguishing between natural and anthropogenic
boron impacts. Evaluation of current Alberta boron irrigation guideline compared to other
Canadian and international guidelines.
Application of different measures of bioavailability to support the derivation of risk-based (Tier
2) remedial benchmarks for PHC contaminated sites.
Risk Assessment Cost Reduction. Identify areas where the board
Development of practical field screening techniques to reduce cost and time for site
application of risk assessment strategies may reduce the required
investigations in support of risk assessment
management/remediation efforts.
Development and refinement of software tools to aid in the standardized application of Tier 2
guidelines using appropriate site-specific data
Petroleum hydrocarbon in fractured bedrock - effective remedial methods, associated risks,
assessment effectiveness and relevance to environmental risk.
Reclamation and remediation technology advancement. High reclamation Construction of a Remedial Technologies Decision Matrix.
and remediation costs need to be mitigated or reduced by the
development of new technologies.
Development of practical remedial options for petroleum hydrocarbons, salinity, and metals
impacts in wetland environments.
Effective in-situ/ex-situ groundwater treatment system(s) for petroleum hydrocarbon and
salinity impacted sites

RECOMMENDED PROJECTS

 Vapour Emissions During Ex Situ Remediation Activities: Model
Calibration, Evaluation of Biofilters, and Screening Tool Development

 Implementation of Subsoil Sodium Adsorption Ratio Guidelines into the
Alberta Environment Subsoil Salinity Tool

 Validation of Petroleum Hydrocarbon Stratified Remediation Subsoil
Criteria
 Validation of Petroleum Hydrocarbon Stratified Remediation Subsoil
Criteria

 Eco-Toxicity of Sulphate Relative to Chloride

 GIS Background Metals and Salinity Database Phase I

 Synthesis of Boron Plant Toxicity Data, Irrigation Data, and Fate and
Transport Modeling to Generate Boron Guideline Recommendations for
Soil and Groundwater

 Alternative Process for Developing a Tier 2 SSRO
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PUBLIC POLICY ISSUE

Additional Science for the Refinement of Regulatory
Guidelines/Directives/Policies/Criteria. The degree of conservatism
current in many regulatory guidelines can be attributed to many
unnecessary costs associated with remedial efforts throughout the
petroleum industry, therefore there is a need for the development of
accepted scientific studies to reduce these conservatisms

Natural versus anthropogenic Impacts. Natural concentrations of certain
elements exceeding or contribute to an exceeding parameter
identified in current regulatory guidelines can cause elevated
remediation and reclamation costs that, with proper evaluation,
could be reduced if they can be differentiated from anthropogenic
impacts

Risk Assessment Cost Reduction. Identify areas where the board
application of risk assessment strategies may reduce the required
management/remediation efforts.

Application of different measures of bioavailability to support the
derivation of risk-based (Tier 2) remedial benchmarks for PHC
contaminated sites.

Reclamation and remediation technology advancement. High reclamation
and remediation costs need to be mitigated or reduced by the
development of new technologies.

ASSOCIATED KNOWLEDGE GAP(S)
Development of risk-based environmental assessment and remediation guidelines for salt
releases to muskeg and other wetland settings, and evaluation of effective and appropriate
remediation strategies.
Refinement of risk-based soil quality and remediation guidelines for petroleum hydrocarbon F2
and the eco-contact pathway.
Plant species sensitivity to petroleum hydrocarbons
Field Studies / Data Collection that addresses Plant species sensitivity to petroleum
hydrocarbons at depths below 1.5m.

RECOMMENDED PROJECTS

S01 - Enhanced Reclamation using Plant Growth Promoting Rhizobacteria in the
Green Zone.
S15 - Crop Response to Excessive Root Zone
Contamination with Petroleum Hydrocarbons Under simulated Drought

S16 - Utilizing Carbon Ranges, Unresolved Complex Mixtures and Carbon

S11 -Plant Toxicity Study for Boron in Peat/Muskeg Ecosystems

Development of sulphate soil quality and remediation guidelines - evaluation of natural salt
distribution, fate and transport (f&t) after redistribution, sulphate, transport modeling, toxicity
S13 - Sulfate Adsorption and Desorption Properties of Alberta Soils and Their
evaluation for the derivation of criteria for the protection of potable water, FAL, human health
Relevance to Transport Properties and Leaching /Redistribution Rates
(ingestion), wildlife/livestock ingestion and eco-soil contact exposure pathways, including
harmonization of rooting zone electrical conductivity (SCARG) criteria.
Update and development of risk-based, soil quality and remediation guidelines for Boron.

Hydrocarbons in Soils Contaminated with Heavy Petroleum Products

Development of defensible laboratory methodologies that can differentiate between biogenic
Prefereence Index Signatures as a New Tool for Quantifying Biogenic vs. Petrogenic
and petrogenic hydrocarbon constituents.

S04 - Application of Different Measures of Bioavailability to Support the Derivation
of Risk-based (Tiers 2 or 3) Remedial Benchmarks for PHC-contaminated Sites.
S06 - Simplified Microtox Bioassay Procedure for Drilling Waste Testing.
Application of different measures of bioavailability to support the derivation of risk-based (Tier
S07 - A Rapid Bioassay for Predicting Toxicity of PHC0Contaminated Soil.
2) remedial benchmarks for PHC contaminated sites.
S12 - Synthesis of SAR/Hydraulic Conductivity Data from Multiple Column Studies
Coupled with Three-Dimensional Transport Modeling to Support Framework for
Subsoil SAR Guidelines
Assessment of environmental significance in context of ambient air quality of PHC vapour
migration (volatilization) during ex situ remediation activities, coupled with impact on cost
using vapour capture (via system) and vs. reliance on off-site landfill disposal - overall net
environmental benefit and economic considerations. Taking into account CoC (NOx, SOx, CO2, CO,
VOC, particulate) emissions.
Develop a database in concert with ESAR to house background soil and groundwater
information.
Petroleum hydrocarbon in fractured bedrock - effective remedial methods, associated risks,
assessment effectiveness and relevance to environmental risk.
Construction of a Remedial Technologies Decision Matrix.
Development of practical remedial options for petroleum hydrocarbons, salinity, and metals
impacts in wetland environments.
Best method to remove barium from shallow groundwater associated with Alberta clay tills,
expected time frame and unit costs of such remediation, i.e 5 mg/L Ba in a plume 10 m by 25 m /
removal ( degradation rate ##/ year/ cost of technology per year.
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ASSOCIATED KNOWLEDGE GAP(S)

RECOMMENDED PROJECTS

 Integrated Assessment of Water Resources for Unconventional Oil and
Gas Plays, West‐central Alberta – Brad Hayes, Petrel Robertson Consulting
Ltd.
 Develop and Implement a Program to Monitor Potential Physical and
Chemical Changes to Potable (shallow) Groundwater in Area of Shale
Gas/Tight Oil Development – RFP

PUBLIC POLICY ISSUE
There are dozens of regulations in place to protect groundwater resources during all stages of
Protection of groundwater quality and quantity during development of
shale gas, tight gas and tight oil development. However there is little field monitoring to
unconventional oil and gas resources in the Western Canadian Sedimentary support the understanding that these regulated practices are sufficient to protect local
Basin.
groundwater. Supports CAPP Hydraulic Fracturing Operating Practice #3: Baseline Groundwater
Testing.

 Integrated Assessment of Water Resources for Unconventional Oil and
Gas Plays, West‐central Alberta – Brad Hayes, Petrel Robertson Consulting
Ltd.
 Understanding the Impact of Permafrost on the Prediction of Water
Availability in the Horn River Basin - Wilfred Laurier, Centre for Cold
Regions Research
 Saline Water Treatment Feasibility ‐ Phase 3 – Ian Mitchell, Millennium
EMS Solutions

Assessment of alternate sources of water for unconventional oil and gas
development considering the entire life cycle.

Upcoming amendments to the Water Conservation and Allocation Policy/Guideline for Oilfield
Injection will likely include additional requirements for proponents to consider when applying
for licenses to use non-saline water. One of these requirements is likely to complete an
environmental net effects assessment of the various water source alternatives. There are no
assessment tools developed to complete this evaluation. Supports CAPP Hydraulic Fracturing
Operating Practice #5: Water Sourcing, Measurement and Reuse.
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PUBLIC POLICY ISSUE

ASSOCIATED KNOWLEDGE GAP(S)

Three ba s i c wa ter s ources for i ndus tri a l us e i ncl ude: s urfa ce wa ter, s ha l l ow groundwa ter a nd
deep groundwa ter. For mos t a rea s , there a re va ri ous da ta ga ps i nhi bi ti ng a va i l a bl e wa ter
i nventori es . In key conventi ona l ga s pl a y a rea s , underta ke regi ona l a s s es s ments of wa ter
Regional surface water and groundwater baseline information and
i nventori es ba s ed on a va i l a bl e da ta ; defi ne da ta ga ps ; a nd i denti fy mecha ni s ms to fi l l ga ps .
inventories
E.g., from BC's Montney wa ter project.
Conduct ta rgeted a qui fer ma ppi ng i n key s ha l e ga s /ti ght oi l devel opment a rea s . As s es s s ta tus
of a qui fer cl a s s i fi ca ti on; i f wa rra nted, upda te or compl ete wi th l a tes t a va i l a bl e i nforma ti on
(e.g., new wa ter wel l da ta ).
Conduct rea l ti me a qui fer moni tori ng/tes ti ng from ei ther s urroundi ng wa ter wel l s , obs erva ti on
wel l s or s peci fi ca l l y i ns ta l l ed obs erva ti on wel l s . Da ta col l ected coul d/woul d i ncl ude a qui fer
Groundwater quantity/quality impacts from shale gas completion processes
res pons e, wa ter a va i l a bi l i ty, etc. Wa ter s a mpl es coul d/woul d be col l ected before/duri ng/a fter
compl eti on proces s es to determi ne wha t, i f a ny, i mpa cts a re occurri ng.
Pha s e 2 of 2011 Hydra ul i c Fra cturi ng Ri s k Study, to be determi ned.
Study of wa s tewa ter di s pos a l i mpa ct on s ource a qui fers .
Expa nd groundwa ter obs erva ti on wel l network i n Hors es hoe Ca nyon fa i rwa y.

Effectiveness of constructed wetlands for contaminant removal

Devel op methodol ogy for a s s es s i ng cumul a ti ve effects of oi l a nd ga s a cti vi ty (a nd other us es ) i n
a wa ters hed.

Conduct a ppl i ed res ea rch on conta mi na nt remova l (e.g., produced wa ter, conta mi na ted wa ter)
us i ng cons tructed wetl a nds

Bui l d on the 2011 Fra c Wa ter Recycl i ng Technol ogi es Fea s i bi l i ty Study to i denti fy a cti ons tha t
Protection of regional surface and groundwater resources in unconventional
i ncrea s e the s peed of i nnova ti on for wa ter trea tment. Expl ore how to cros s -pol l i na te efforts
play areas
a cros s s ervi ce s ector compa ni es , producers , the wa s te ma na gement s ector a nd a ca demi c
res ea rch centres .
Appl y the res ul ts of the 2011 Fra c Wa ter Recycl i ng Technol ogi es Fea s i bi l i ty Study to a ctua l
fl owba ck to demons tra te the us e of hi gher s a l i ni ty fl owba ck. Thi s woul d be a ccompl i s hed by
runni ng fi el d tes ts on a ctua l fl owba ck from s evera l l oca ti ons .
Inves ti ga ti on i nto green bi oci des for hydra ul i c fra cturi ng. Servi ce provi ders norma l l y provi de the
bi oci des us ed i n hydra ul i c fra cturi ng. Opera tors s houl d ha ve a n unders ta ndi ng of the di fferent
bi oci des a va i l a bl e s o tha t they ca n encoura ge or requi re s ervi ce provi ders to us e green
bi oci des . Scope of work woul d i ncl ude i denti fi ca ti on a nd eva l ua ti on of bi oci des , wi th a n
empha s i s on green a l terna ti ves , whi ch a re a l s o s ui ta bl e for hi gh s a l i ni ty envi ronments .
Inves ti ga ti on i nto green corros i on i nhi bi tors for hydra ul i c fra cturi ng. Opera tors s houl d ha ve a n
unders ta ndi ng of the di fferent corros i on i nhi bi tors a va i l a bl e s o tha t they ca n encoura ge or
requi re s ervi ce provi ders to us e green corros i on i nhi bi tors . Scope of work woul d i ncl ude
Public concern regarding the persistence and toxicity of ingredients in frac
i denti fi ca ti on a nd eva l ua ti on of corros i on i nhi bi tors , wi th a n empha s i s on green a l terna ti ves ,
fluids
whi ch a re a l s o s ui ta bl e for hi gh s a l i ni ty envi ronments .
Devel op s tra tegy for di s cl os ure of fra c fl ui d components for Wes tern Ca na da . Fra c compos i ti on
di s cl os ure regul a ti ons ha ve been a dopted i n s evera l s ta tes i n the USA a nd wi l l l i kel y be
requi red by Quebec. The project wi l l defi ne a vol unta ry di s cl os ure progra m.
One of the cha l l enges i s mea s uri ng NORMs . The a na l yti ca l methods norma l l y recommended for
s ome NORMs a re i ntended for wa ter wi th a TDS of l es s tha n 500 mg/l . The goa l of thi s s tudy
woul d be to i denti fy the a ppropri a te a na l yti ca l techni ques a nd reporti ng for hi gh s a l i ni ty
fl owba ck wa ter.
Compa re i ndus try's wa ter us e to tha t of other us ers i ncl udi ng muni ci pa l i ti es , a gri cul ture,
Public perception of industry's use of water
commerci a l a nd other i ndus tri es for three of the ma jor wa ters heds i n Al berta ; i .e., Atha ba s ca ,
South Sa s ka tchewa n a nd Red Deer ba s i ns .
Purs ue a s urfa ce l a nd footpri nt a na l ys i s for a modera tel y-s i zed wa ters hed us i ng a na l ys i s of
a eri a l photogra phy over ti me. Wha t % of l a nd us e i s oi l a nd ga s vers us other l a nd us es ?
Compa re one to three wa ters heds .
Water footprint
As s es s the type of l a nd us e i n Al berta (i ncl udi ng conventi ona l oi l & ga s , s ha l e ga s , a nd oi l
s a nds , a s wel l a s others s uch a s a gri cul ture, muni ci pa l i ti es , etc.) a nd a qua l i ta ti ve ra nki ng of
thei r effects on wa ter qua l i ty a nd qua nti ty.
Sus ta i na bl e res ource ma na gement deci s i on-ma ki ng requi res di vers e i nforma ti on. Compa ri ng
energy s ources requi res more compl ete da ta a bout emi s s i ons a nd wa ter cons umpti on on per
uni t energy ba s i s . Devel op compa ri s on fi gures of wa ter us e per energy uni t for a broa d
s pectrum of energy s ources .
Eva l ua ti ng the tra deoffs between fres h wa ter a nd greenhous e ga s es /the energy ba l a nce of
Water consumption/emissions per unit of production
va ri ous trea tment technol ogi es ; i .e., wha t i s the “ca rbon” cos t of us i ng a gi ven qua l i ty of wa ter,
a s s umi ng a gi ven trea tment mecha ni s m?
The va l ue genera ti on of wa ter us ed for va ri ous i ndus tri es i n Al berta on a per uni t of producti on
ba s i s
The a mount of wa ter (m3 wa ter/boe) on a wel l s -to-wheel s ba s i s for the ma i n fuel s ources i n
North Ameri ca .
Conduct a n IFN s tudy on a s ma l l , medi um a nd l a rge ri ver cours e i n a wa ters hed wi th oi l & ga s
a cti vi ty (e.g., Red Deer, North Sa s ka tchewa n, Cl ea rwa ter or Ba ttl e Ri ver Ba s i ns ) to moni tor
s ea s ona l cha nges i n: 1) s trea m wa ter l evel s a nd fl ow ra tes , 2) ri pa ri a n wa ter l evel s , a nd 3) fi s h
Instream flow needs to ensure aquatic ecosystem health
popul a ti on a nd other a qua ti c bi ota . The overa l l objecti ve woul d be a deci s i on-ma ki ng tool for
wa ter ma na gement, by determi ni ng a ppropri a te wa ter extra cti on vol umes tha t a re protecti ve of
the a qua ti c ecos ys tem. Thi s ma y i nvol ve a ri s k-ba s ed a pproa ch, tha t a cknowl edges the
uncerta i nty i n both the hydrol ogy a nd bi ol ogy.

Assessment of cumulative effects in a watershed

RECOMMENDED PROJECTS

 Regi ona l Groundwa ter As s es s ment Moni tori ng

 Ta rgeted Regi ona l Wa ter Inventory Project (TRWIP) i n Al berta 's Key
Unconventi ona l Oi l a nd Ga s Area s

 As s es s ment of the Ri s ks of Hydra ul i c Fra cturi ng - Pha s e 2

 Sus ta i na bl e Fra c© Wa ter a nd Produced Wa ter Trea tment a nd Recycl ePha s e-2 Pi l ot Tes ti ng

 Fra cturi ng Fl ui d Addi ti ve Ri s k As s es s ment a nd Sel ecti on Tool

 Fra cturi ng Fl ui d Addi ti ve Ri s k As s es s ment a nd Sel ecti on Tool

 Sus ta i na bl e Fra c© Wa ter a nd Produced Wa ter Trea tment a nd Recycl ePha s e-2 Pi l ot Tes ti ng
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2011 Water Public Policy Issues and Knowledge Gaps

PUBLIC POLICY ISSUE
Water Well Testing Prior to Drilling (related to Point 1)
Socioeconomic Study of the Public's Perception of Industry's Water Use.
Assessment of Risks to Shallow Groundwater from the Drilling and
Completion of Oil and Gas Wells
Water Use by Industry (Saline and Non-saline)

Assessment of Risks of Hydraulic Fracturing

Frac Water Recycling Technologies Feasibility Study

ASSOCIATED KNOWLEDGE GAP(S)
Review of pre-drilling water well testing in different jurisdictions, appropriateness of using
domestic wells as sampling points (i.e. are the results an appropriate representation of the
water quality in the aquifer ?)
Study of comparison of the benefits (social and economic) to Alberta on the basis of water
use/boe, water use / surface area footprint?
Compilation of available information in Alberta Basin on documented incidents of groundwater
impact from drilling and completions
An examination of the considerations necessary (effort/expense) involved in converting to
saline water source for use in EOR injection particularly given the age of some of the fields
Groundwater characterization using geophysics focusing on salinity
Review of frac fluid composition, quantity and risks of use. Compare risks associated with shale
gas projects in Canada (BC, AB, QC, etc.) versus previous US projects, considering the different
geology, regulations and practices.
Conduct a feasibility study (i.e., literature review) on the different technologies available for
water recycling and reuse. Assess what each technology treats, its effectiveness and its
limitations.

RECOMMENDED PROJECTS

W22 - Direct and Indirect Environmental Risks of Hydraulic Fracturing and
Associated Additives

W03 - Frac Water Recycling Feasibility Study and Decision Tool.
W19 - Sustainable Frac-Water & Produced Water Treatment & Recycle
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Evaluation of
AUPRF
Projects
Prepared for PTAC
Sabz Consulting Group
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Disclaimer:
The presented material has been created based
on two data resources: a) interviews that Sabz`s
employees conducted with project champions
and researchers in summer and fall 2013. Any
opinions, findings and conclusion are not
generated by Sabz`s employees.
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CHAPTER ONE: Soil and Ground Water
Projects

16

Introduction to Soil and Ground Water Projects:
Between 2005 and 2013, a total of 69 projects were funded by PTAC’s Soil and Groundwater
Issues group. Out of these 69 projects, the practical, regulatory and scientific implications of 65
projects were followed up upon. The remaining 4 projects currently remain in the early
development stages, and the outcomes are not yet available. All 69 projects listed, including
available information on policy issues and knowledge gaps, led to the introduction of the
projects, outcomes, and possible follow-ups.
The projects launched through the Soil and Groundwater Issues group, have been successful
through their significant contributions in a) expanding knowledge and b) refining existing
methodologies and best practices. Some noteworthy contributions worth highlighting are:


Tier 2 Site-Specific Remedial Objective(s) (SSRO) has been reviewed



Tier 2 Guideline Calculation Software has been produced



The Subsoil Salinity tool (SST) was created



Bacteria have been selected to reduce toxicity of soil in green zones



Tier 1 regulation for critical PHC concentrations for Eco-contact in agricultural areas has
been reviewed and supported



Sections of the Canada-Wide Standards for Petroleum Hydrocarbons have been revised



PTAC has been nominated three times for an Emerald Award and was selected once as a
Finalist



Soil and Groundwater Remediation Guidelines for Methanol has been refined



Draft Tier 2 Eco-Contact Guideline has been developed

17

Fresh Water Aquatic Life (FWAL) Chlorides (2013-Ongoing)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
Some studies have shown a relatively strong influence of water hardness on toxic response to
salinity exposure, while other studies did not find hardness, as a co-exposure agent, responsible
for a difference in toxic response. CCME (2011) indicated there was a need for the generation of
more toxicity data incorporating aspects of hardness. In addition, CCME (2011) indicated that
further research would be of value for assessing differences in toxic responses for various species
observed as a function of the cation(s) present. The focus of this research is to:
Phase One (2013):

a. Evaluated published literature and assessment of toxicity drivers (e.g., chloride, sulphate,
calcium, sodium, potassium) and available information on water hardness and other co-exposure
variables;
b. Summarize information as a function of mode of toxic action and species structure/interaction
with ions; and,
c. Propose necessary studies to resolve differences;
Phase Two (2014):

a. Finalize PTAC and Alberta Government vetted toxicity testing study design revisions;
b. Solicit bids from laboratories qualified to do the work;
c. Review and assess bids, lab Standard Operating Procedures (SOPs), facilities;
d. Coordinate work and make preparations for detailed toxicity testing;
e. Conduct detailed toxicity testing studies;
f. Analyze data, summarize results; and,
g. Proposed preliminary guideline revisions for review by PTAC and Government of Alberta.
Phase Three- Anticipated (2015):

a. Present results at forums and publish in peer reviewed journal; and,
b. Final guideline recommendation revisions.

18

Knowledge gap:
Additional research required around setting a Fresh Water Aquatic Life Criteria for Chloride,
specifically looking at the hardness as a toxicity modifier.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to unnecessary
remedial efforts throughout the petroleum industry.

Outcome and uptakes:
It is expected to reduce these conservatisms which lead to a reduction in perceived waste going
to landfill and a reduction in remedial costs.
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Crop Response to Excessive Root Zone Contamination With Petroleum Hydrocarbons
Under Simulated Drought (2011)
Researcher: Bonnie Drozdowski, Alberta Innovates - Technology Futures
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
In the past, the effects of petroleum hydrocarbons (PHC) on crops were quantified at shallow soil
depths, where the root concentration is maximal. This abundant data has been used to justify
PHC guidelines for the “surface soil” (to 1.5 m depth). For the underlying subsoil, AENV has set
critical PHC concentration assuming that the surface soil criteria can be exceeded in subsoil by a
factor of two or more due to the lack of eco-contact at depth. However, some of the regional
crops such as canola and alfalfa develop root systems beyond the 1.5 m depth. Under the
droughty conditions, much of root water uptake by deep-rooted crops occurs at depth.
A project previously completed by the Alberta Research Council was focused on verifying
current PHC guidelines for subsoil. The results did not indicate an effect on crop performance,
even though root systems did demonstrate avoidance behavior and or diminished growth into
PHC contaminated subsoil. The trial did not include contamination in the surface soil thus
leaving some room for speculation on what the result would be if both the surface soil and
subsoil were contaminated. In addition, the earlier trials did not answer the industry’s concerns
over the possibility of current PHC guidelines being too conservative.

Knowledge gap:
The objective of the study is to determine experimentally the lowest PHC concentrations, which
affect crop performance for both surface soil and subsoil.

Policy issues:
The study aimed to possibly prompt a revision of current Tier 1 regulation for critical PHC
concentrations for eco-contact in agricultural areas.
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Outcome and uptakes:
The study was intended to prompt a revision of current Tier 1 regulation for critical PHC
concentrations for Eco-contact in agricultural areas. The expectation was that the results would
demonstrate to the government and public how far the existing PHC guidelines actually are from
impacting the crops significantly under the extreme climatic conditions, however, this did not
happen, and Tier 1 guidelines for PHC in soils for eco-contact in agricultural areas did not
change.
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Development of Ecocontact Soil Selenium Guideline (2013)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The research involves assessing selenium toxicity with a variety of plant and invertebrate species
to evaluate and potentially redefine the soil selenium ecological toxicity guideline for Alberta
and Canada. Using on-going boron research as an example and benchmark it is anticipated that
the research will be conducted in multiple phases and take approximately five years to complete.

Knowledge gap:
Developing a risk based environmental assessment and remediation guidelines for selenium as it
relates to sulphate and other toxicity modifier concentrations in soil.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to unnecessary
remedial efforts throughout the petroleum industry.

Outcome and uptakes:
It is expected that the development of accepted scientific studies leads to a reduction in perceived
waste going to landfill and a reduction in remedial costs. The project is in progress at the time of
interview. For further information, please view PTAC`s website.
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Sulphate Adsorption and Desorption Properties of Alberta Soils and their Relevance to
Transport Properties and Leaching /Redistribution Rates (2011)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The energy sector is a source of potentially deleterious sulphate impacts in surface soils. Various
practices in the upstream oil and gas industry can result in subsoil sulphate salts being brought to
the surface where increased salinity can cause impairment of vegetative growth. Sulphate
redistribution occurs after site remediation activities such as excavation of produced water
impacted soil, followed by soil replacement when excavation depths or the quality of backfill are
inadequate. Commonly, calcium sulphate is used as an amendment to soil to reduce high sodium
levels at produced water releases, or as part of the oil sands consolidated tailings process,
increasing sulphate concentrations. Drilling muds can contain high levels of soluble sulphate
salts and historical applications of large quantities at drill sumps have resulted in many sites
experiencing deteriorated soil quality and reductions in vegetation growth. Another example is
the blocks of elemental sulphur from processing natural gas, crude oil, or bitumen. These sulphur
blocks are typically stored outdoors where they are exposed to rainfall and erosion from wind.
Knowledge gap:
Development of sulphate soil quality and remediation guidelines - evaluation of natural salt
distribution, fate and transport (after redistribution, sulphate, transport modeling

Policy issues:
Additional science for the refinement of regulator guidelines/directives/policies/criteria

Outcome and uptakes:
The resulting findings of this project are used in developing SST software and have also
convinced regulatory bodies to change some regulation.
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Updates and Upgrades to Alberta Environment Subsoil Salinity Tool (SST) Software and
Manual (2013-Ongoing)
SST Program Refinement (2010)
Third-Party Sensitivity Analysis of the Subsoil Salinity tool Version 2.1 (2009)

Researchers: Marie-Eve Caron, Matrix Solutions Inc.; Tony Knafla, Equilibrium Environment
Inc.
Project Champion: Steve Kullman, Husky Energy Inc.; Stephen Bromley, Husky Energy Inc.
Summary:
Project 2009:
The objective of the study is to determine the full range of possible input parameters (minimums
and maximums) in SST, and to determine how much a change in each parameter influences the
outputted Tier II criteria. Output criteria is betted against real life impact scenarios (with the
anonymity of clients being respected for the purpose of this study. Matrix offers suggestions
regarding the relevance of criteria with respect to receptor risk or to the reasonableness of the
impact of input parameters on output criteria. A complete sensitivity analysis of the model input
parameters combined with a comparison to real site data would increase the understanding of the
tool for PTAC, Alberta Environment (AENV), and industry.
Project 2010 and 2013:
The research is a continuation of past development of the Subsoil Salinity tool (SST) program.
The primary scope of this research is related to refinement of the SST based on recent findings
collected to date following implementation/testing at a number of sites, as well as feedback from
Alberta Environment and beta testers of the SST program. The ultimate goal is to improve the
accuracy of subsoil salinity guideline calculations and reduce the extent of extrapolation from
site-specific data to default input parameters used to calculated subsoil salinity guidelines. The
scope involves the following: 1) refine default categories for various site parameters, such as
shallow groundwater velocity, site dimension, soil drainage category; 2) provide an output of
results summarizing implications associated with the changes; 3) implement changes into the
SST following stakeholder liaison; 4) refine subsoil chloride guidelines; 5) accordingly update
the SST Help Manual; and, 6) liaise with Alberta Environment regarding implementation of the
changes at early and later stages.
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Knowledge gap:
Development of sulphate soil quality and remediation guidelines ‐ evaluation of natural salt
distribution, fate and transport (F&T) after redistribution, sulphate, transport modeling, toxicity
evaluation for the derivation of criteria for the protection of potable water, human health
(ingestion), wildlife/livestock ingestion and eco‐soil contact exposure pathways, including
harmonization of rooting zone electrical conductivity (SCARG) criteria. Development of risk‐
based environmental assessment and remediation guidelines for subsoil below the root‐zone.
Development of guidance for implementation on a Tier 1, Tier 2, and/or site‐specific basis.

Policy issues:
Natural concentrations of certain elements exceeding or contributing to an exceeding parameter
identified in current regulatory guidelines can cause elevated remediation and reclamation costs
that, with proper evaluation, could be reduced if they can be differentiated from anthropogenic
impacts. The degree of conservatism current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry. The development of accepted
scientific studies to reduce these conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.

Outcome and uptakes:
Software adopted by the Alberta Energy Regulator has been developed, based on existing
information by PTAC, and is currently being used by the industry. The software requires
updating each year in order to keep data current. (Key outcome: Updated SST software.)
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Toxicity Testing for Methanol, Amine, and Glycol Quality Guideline Development (2005)

Researcher: Miles Tindal, Axiom Environmental
Project Champion: Mike Morden, PetroCanada
Summary:
A number of non-petroleum chemicals related to oil and gas production and processing are
lacking soil remediation guidelines. Specific compounds of concern include methanol, amines
(monoethanolamine, diethanolamine), and glycols (diethylene glycol, triethylene glycol,
tetraethylene glycol). This project followed an Alberta Environment funded data gathering
project. It was anticipated that the eco toxicity data needed to develop guidelines would be
lacking. AUPRF funds ware requested to carry out the ecological toxicity tests needed to fill this
information gap.
Knowledge gap:
To improve reliability for the amine analyses.

Policy issues:
To develop better analytical methods to get full value from the money already spent on these
guidelines.

Outcome and uptakes:
The Soil and Groundwater Remediation Guidelines for Methanol guideline, provided by Alberta
Environment, was based on this project, thus, the contributions of this project were significant to
industry.
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Chemical and Isotopic Characterization of Water and Dissolved Gases in Shallow Aquifers
in the Vicinity of Coal Bed Methane Operations in Alberta (2009)
Researcher: Bernhard Mayer, University of Calgary
Project Champion: Ted Johnson, Talisman
Summary:
The objective of this project was to characterize the chemical and isotopic composition of
shallow groundwater and dissolved gases in Alberta. Seventy groundwater samples, 30 more
than proposed, were obtained, and a comprehensive chemical and isotopic data set for shallow
groundwater in Alberta has been compiled. The data summarized in section 5 of this report has
revealed the following:
• Specific conductance varied from 431 μS/cm to 15,464 μS/cm.
• Dissolved oxygen (DO) contents of the groundwater samples were typically less than 2 mg/L.
• Sodium was the dominant cation in most shallow groundwater samples with an average
concentration of 362.1 mg/L followed by Ca (56.5 mg/L), Mg (29.7 mg/L), K (3.2 mg/L), Fe
(0.3 mg/L), and Mn (0.2 mg/).
• The dominant anion was HCO3 (564.5 mg/L) followed by SO4 (428.5 mg/L) and Cl (105.4
mg/L).
• Few samples had detectable nitrate with concentrations typically not exceeding 1 mg/L.
• Very few of the analyzed metals and trace elements occurred at concentrations that exceeded
current MAC and AO guidelines established by Health Canada.
Knowledge gap:
There are significant environmental concerns, some of them related to potential negative impacts
on shallow groundwater resources. These concerns are mainly based on negative experiences in
the United States; where in some areas such as Powder River Basin or San Juan Basin saline
produced water from coal bed methane operations have caused contamination of surface water
and aquifers. To address such environmental concerns in a scientifically sound manner, it is
essential that the geochemical and isotopic compositions of shallow groundwater and produced
water in CBM producing regions of Alberta are thoroughly known.
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Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry. the development of accepted
scientific studies to reduce these conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.

Outcome and uptakes:
It was expected that the project would influence change in related policy areas, and fill
knowledge gaps. It was successful in the latter goal, however it did not change any related
policy. The researcher has published an academic paper on the project itself..
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Development of Risk-Based Soil Quality Guidelines for Selected Trace Metals (2013Ongoing)
Researcher: Ian Mitchell, Millennium EMS Solutions Ltd.
Project Champion: Stephen Bromley, Husky Energy Inc.
Summary:
The project involves the development of risk-based soil quality guidelines for one or more metals
(see Section 6) using the approach specified by Canadian Council of Ministries of the
Environment (CCME, 2006). The end result is soil quality guidelines that meet all requirements
of both Alberta and CCME, with a complete scientific supporting document provided with each
guideline. The guidelines could be used immediately as internal guidelines by the oil and gas
industry, and eventually adopted by Environment and Sustainable Resource Development
(ESRD), CCME and other jurisdictions. The guidelines can also be developed in cooperation
with ESRD, Health Canada and Environment Canada to maximize the potential for eventual
formal adoption.

Knowledge gap:
Refinement or development of risk‐based soil quality guidelines for selected trace metals (e.g.
molybdenum, antimony, beryllium, and cobalt).

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to unnecessary
remedial efforts throughout the petroleum industry. The development of accepted scientific
studies to reduce these conservatisms would ultimately lead to a reduction in perceived waste
going to landfill and a reduction in remedial costs.

Outcome and uptakes:
This project will potentially change part of existing regulatory guidelines. The project is
scheduled to be completed by year end 2014, and be applied by the regulator by year end 2015.
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Proposed Third Party Review for PTAC SAR Subsoil Guidelines Project (2013)
Researcher: Miles Tindal, Millennium EMS Solutions Ltd.
Project Champion: Ole Mrklas, ConocoPhillips
Summary:
Having a guideline framework for that is applicable in subsoil could be very helpful in the
management of sites with SAR issues, if the subsoil guidelines are less stringent that those for
surface soil. Having a 3rd party review of this work should add credibility and may facilitate
regulatory acceptance.

Knowledge gap:
Development of risk‐based environmental assessment and remediation guidelines for subsoil
SAR below the root‐zone. Development of guidance for implementation on a Tier 1, Tier 2,
and/or site‐specific basis.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry. The development of accepted
scientific studies to reduce these conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Vapour Emissions from Ex-Situ Remediation (Phase Two, 2013)
Vapour Emissions During Ex Situ Remediation Activities: Model Calibration, Evaluation of
Biofilters, and Screening Tool Development (Phase One, 2012)

Researcher: Ian Mitchell, Millennium EMS Solutions Ltd.
Project Champion: Ole Mrklas, ConocoPhillips
Summary:
Onsite ex-situ soil remedial technologies involve the excavation of contaminated material and
treatment onsite, potentially resulting in the release of volatile chemicals to ambient air. the
resulting volatile emissions may include greenhouse gasses as well as compounds that may
impact ambient air quality for humans or ecological receptors. Meridian previously completed a
comparative assessment of emissions during ex-situ remedial activities and land fill disposal
(Meridian 2011) for the PTAC. A modelling approach was developed for use in comparing
lifecycle emissions from alternative remediation scenarios, and their impacts to human health
and the environment.

Knowledge gap:
Evaluation of life cycle emissions of ex situ remediation with and without the use of biofilters,
including consideration of the production and fate of the biofilters; and collection of emissions
data from Ex-situ treatment of soils that would otherwise require treatment in a Class I landfill.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry. The development of accepted
scientific studies to reduce these conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.
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Outcome and uptakes:
When starting the project in 2012, the team recognized that the targeted goal was not fully
reachable due to the complexity of the problem. Thus, a new project was designed in 2013, with
more acceptable goals. These two projects are currently focusing on providing additional
information to the public, industry, and regulator, in order to have a better understanding about
the life cycle of hydrocarbon.
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Synthesis of Boron Plant Toxicity Data, Irrigation Data, and Fate and Transport Modeling
to Generate Boron Guideline Recommendations for Soil and Groundwater (2012)
Plant Toxicity Study for Boron in Peat/Muskeg Ecosystems (2011)
Test Methodology and Toxicity Study for Boron (2010)
Boron Impacts in Soil Produced Water Co-Contaminant (2008)

Researcher: Tony Knafla, Equilibrium Environmental Inc.,
Project Champion: Steve Kullman, HuskyEnergy Inc.
Summary:
Boron is a metalloid co-contaminant common in produced water which may be toxic to plants at
elevated concentrations beyond the nutritional requirements. Boron is thus highly relevant to the
salinity impacts which have the largest total foot-print and potential environmental liability of all
oil and gas related impacts to soil and groundwater. Boron is also found naturally elevated above
the current Tier 1 guidelines in several parts of Alberta, complicating the assessment and
management of boron impacts due to oil and gas operations. Updated, risk-based boron
guidelines for both soil and groundwater would benefit industry in terms of reduced investigation
and remediation costs as well as improved environmental performance. It would also improve
soil conservation efforts and reduce the instances where natural boron concentrations which do
not pose significant risk are disposed in a landfill.
Previous Alberta research projects have generated a significant amount of information related to
the toxicity of boron to both agricultural and boreal forest species in soils ranging from mineral
to artificial to organic. This toxicity data is presented in terms of both the standard hot-water
soluble (“HWS”) methodology used in the current Tier 1 guidelines, as well as the alternative
saturated paste methodology which appears to be more relevant to plant toxicity and fate and
transport of boron in soil and groundwater. This project proposes to synthesize this Alberta plant
toxicity data along with toxicity data from other jurisdictions (such as the United States) and
organizations (such as Environment Canada) where appropriate. This synthesis also includes
considering other important soil pathways and receptors for guideline development as per
AENV/ CCME protocol such as soil invertebrates, human soil ingestion, and livestock soil and
food ingestion. This synthesized information in combination with ongoing consultations with
AENV and the PTAC Boron Working Group might be used to generate boron guideline
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recommendations for various pathways and soil textures (e.g., fine, coarse, organic). This project
produces a Tier 1 guideline document similar to the barium guideline, though potentially with
some deviations as described below.
Though boron is a metalloid, it is currently classified with metals in the Alberta Environment
Tier 1 guidelines. Existing Alberta Environment policy does not recommend evaluating
groundwater pathways for metals, primarily due to the complex interactions and insufficiently
reliable data linking soil concentrations and groundwater concentrations, especially for highly
sportive metals. In some cases, this may result in the use of increased safety factors to
compensate for this large data gap for many metals. Boron appears to be in a grey area within the
existing guideline framework, being a metalloid rather than a metal and having significant data
generated through recent PTAC-funded boron research activities in Alberta regarding soil and
groundwater interactions. Pending Alberta Environment policy decisions, boron groundwater
pathways such as human drinking water, livestock watering, and irrigation water may potentially
be calculated and used in overall guideline development. For example, the current Alberta
Environment boron irrigation guideline of 0.5 mg/L is based on protecting the most sensitive
species (blackberries). This project also examined this irrigation guideline and make
recommendations for updating it based on risk-based criteria should it become necessary to
evaluate groundwater pathways based on Alberta Environment consultations. The integration of
the plant toxicity data combined with fate and transport modeling for groundwater pathways
such as irrigation, would allow an integrated approach to recommending guidelines for both soil
and groundwater.

Knowledge gap:
Boron is a common co-contaminant typically found with salts in produced water. The resulting
soil boron impacts due to produced water releases can in many cases be more persistent than the
salt component due to the significant binding of boron to soil surfaces. Elevated boron levels can
pose direct risks to plants, as well as risks to receptors such as livestock and groundwater. The
current CCME and Alberta Environment guidelines for soil boron are based on the HWS
methodology, but a preliminary literature review has indicated that the SPB methodology may be
a more relevant indicator for plant toxicity in a variety of soil types.
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Policy issues:
Natural concentrations of certain elements exceeding or contribute to an exceeding parameter
identified in current regulatory guidelines can cause elevated remediation and reclamation costs
that, with proper evaluation, could be reduced if they can be differentiated from anthropogenic
impacts

Outcome and uptakes:
The industry has benefited from these projects in terms of reduced investigation and remediation
costs, as well as improved environmental performance. In addition, this group of projects has
aimed to change some regulation and policies. However, this goal has not yet been fulfilled due
to delays in research. There is still a high possibility that in the future, some regulatory
guidelines will be changed as a result of these projects.
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Eco-Toxicity of Sulphate Relative to Chloride (2012- ongoing)
Researcher: Miles Tindal, Millennium EMS Solutions Ltd.
Project Champion: James Agate, CNRL
Summary:
The overall objective of this project is to determine whether sulphate has a significantly different
toxicity to chloride for a representative selection of Alberta plants. If so, identify what further
work will be needed to support a potential future sulphate-specific soil remediation guidelines
and sulphate eco-toxicity reference values to be used with the SST.

Knowledge gap:
Development of sulphate soil quality and remediation guidelines and evaluation of natural salt
distribution, fate and transport after redistribution, sulphate, transport modeling and toxicity
evaluation for the derivation of criteria for the protection of potable water, FAL. This also
includes ingestion, wildlife/livestock ingestion and eco-soil contact exposure pathways,
including harmonization of rooting zone electrical conductivity criteria.

Policy issues:
Natural concentrations of certain elements exceeding or contribute to an exceeding parameter
identified in current regulatory guidelines can cause elevated remediation and reclamation costs
that, with proper evaluation, could be reduced if they can be differentiated from anthropogenic
impacts.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Using Laboratory Saturation Percentages to Estimate Soil Texture (2013)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Michelle Young, Imperial Oil
Summary:
The Canadian Council for Ministers of the Environment (CCME) has recently revised the Water
Quality Guideline for chloride (from 230 to 120 mg/L for chronic exposure), applicable to
freshwater aquatic life receptors1. As part of this, two additional key factors were identified that
may influence the derivation of a chloride guideline for aquatic life: 1) water hardness; and, 2)
cation co-exposure.
Some studies have shown a relatively strong influence of water hardness on toxic response to
salinity exposure, while other studies did not find hardness, as a co-exposure agent, responsible
for a difference in toxic response. CCME (2011) indicated there was a need for the generation of
more toxicity data incorporating aspects of hardness. in addition, CCME (2011) indicated that
further research would be of value for assessing differences in toxic responses for various species
observed as a function of the cation(s) present.

Knowledge gap:
Additional science for the refinement of regulatory guidelines / directives / policies / criteria

Policy issues:
Additional research required around setting a Fresh Water Aquatic Life criteria for Chloride,
specifically looking at the hardness as a toxicity modifier.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.

1

CCME 2011; Canadian Water Quality Guidelines – Chloride Ion. Scientific Criteria Document. Canadian Council for
Ministers of the Environment, Winnipeg. PN 1460, ISBN 978-1-896997-77-3 PDF
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Development of a Tier 2 SSRO Derivation Process Beyond the Pass/Fail Approach (Phase
Five, 2013)
Alternative Process for Developing A Tier 2 SSRO (Phase Four, 2012)
Application of Different Measures of Bioavailability to Support the Derivation of Risk-Based (Tiers
2 and 3) Remedial Benchmarks for PHC-Contaminated Sites (Phase one to three) (2008 to 2011)
Assessment and Refinement of Eco-Toxicity Methods for Development of Tier 2 Soil Eco-Contact
Standards and Application to Site-Specific Risk Assessments (Pre-Study) (2006)

Researcher: Gladys Stephenson, Stantec Consulting Ltd. - Environmental Management
Project Champion: Chris Meloche, Husky Energy Inc.
Summary:
The Canada-wide Tier 1 Standards for Petroleum Hydrocarbons in Soil (CWS PHC) were
released in May 2001, and have proven useful for managing many hydrocarbon-contaminated
sites. The standards were re-evaluated by the Eco-contact Subgroup to the CCME PHC Soil
Advisory Task Group, where they examined the efficacy of the standards for managing PHCs in
soil in light of new data and re-evaluated the existing data. Recommendations were made
suggesting changes for the Tier 1 PHC standards in soil. There was recognition that the
application of the Canada-wide PHC soil standards to contaminated lands has significant
limitations when applied to sites with weathered and aged hydrocarbons in soil. Data has been
found to support the suggestion that these Tier 1 values might be inappropriate for some sites
with weathered and aged petroleum hydrocarbons, and that Tier 2 or Tier 3 site-specific soil
standards might be more useful for managing hydrocarbon contamination at these sites.
Tier 2 methods for deriving site-specific standards provide for modification of the Tier 1
standards based on site conditions as long as the level of protection for that site does not change.
Alberta Environment has allowed three approaches for deriving Tier 2 site-specific benchmarks
for protection of ecological receptors. The approaches include: 1) elimination of an exposure
pathway because it is not applicable to the site; 2) elimination of receptors because they are not
present at the site; and, 3) a site-specific toxicity post-remediation assessment to demonstrate that
there is minimal risk associated with exposure of ecological receptors to the PHC residuals in
soil at the site. The toxicity assessment comprises a minimal test species and methods battery
that includes a chronic survival (28 or 35-d), growth and reproduction (56 or 63- d) test with
earthworms and definitive (14 or 21-d) tests with a minimum of two plant species of which
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northern wheatgrass must be one of the species (Harris et al. 2007). This assessment is costly and
takes a minimum of 3 months before results are generated for use in management decision
making. If it were possible to apply a direct measure of bioavailability to soils that could then, in
turn, be used to determine or predict the risk associated with exposure to the PHCs in soil, then a
powerful resource is going to be available for use in risk assessment.
Knowledge gap:
Risk assessments conducted under provincial or federal frameworks require the predictions of
impact to both ecological and human receptors. Often, ecological receptors are more sensitive to
soil contaminants than are human receptors. This is particularly true for petroleum products.
Therefore, risk-based remedial levels are often driven by the outcome of ecological risk
assessments. Risk assessment of contaminated lands (e.g., brownfields) assumes that
contaminants in soil are 100% bio-available. This assumption often results in an over-estimation
of the risks associated with the contamination (e.g., chemicals of concern). Remedial targets or
benchmarks derived in light of these risks and assumptions are often needlessly low, and might
be technically unattainable or prohibitive in terms of cost.
There are two approaches that can be used to measure bioavailability. Biological measures
include the use of toxicity tests, contaminant residues in tissues, and bioaccumulation tests; all
are surrogate biological measures of bioavailability. Chemical measures of bioavailability
include bio accessibility tests and other biomimetic devices (Single Program, Multiple Devices,
SPMDs), biotic ligand modeling, and chemical extractions (e.g., calcium chloride calcium
sulphate, nitric acid, ammonium-EDTA, DTPA, cyclodextrin); all are surrogate chemical
measures of bioavailability. Each of these tools has advantages and limitations and has proven
useful when applied within a specific research context. However, there are no standardized
methods for measuring bioavailability and no one method can be recommended over another
because there are insufficient comparative or applied data. There is no data that directly
compares the efficacy of the different measurement methods applied to sites with similar physiochemical characteristics and different contamination issues, or to sites with different physiochemical characteristics and the same contamination issues. This is important in order to discern
which measurement method is most appropriate for which site and which contamination issue.
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Policy issues:
Risk assessment cost reduction. Identify areas where the board application of risk assessment
strategies may reduce the required management/remediation efforts. The degree of conservatism
current in some regulatory guidelines can be linked to some unnecessary remedial efforts
throughout the petroleum industry. The development of accepted scientific studies to reduce
these conservatisms would ultimately lead to a reduction in perceived waste going to landfill and
a reduction in remedial costs.

Outcome and uptakes:
These projects were completed through PTAC over a period of 5 years (excluding the pre-study
in 2006 which provided the foundation for these projects). One issue that industry faced was the
costly and inefficient guidelines and testing that were currently in place. In turn, PTAC started to
conduct basic research in the first phase of the project, to understand possible solutions. The first
phase began in early 2008 and was completed by the end of the year. The first phase was
successful and provided the ground work for the following phases. The second and third phases
were categorized in applied research type, and possible solutions were tested. In these stages, the
Alberta Energy Regulator adjusted their Tier 2 guidelines addressing site-specific remedial
objectives based on the results. A fourth phase was then undertaken, focusing on the adjusted
Tier 2 guidelines. The objective of this phase was to review the results of a minimum of 10 Tier
2 pass/fail eco toxicity assessments, in order to determine a process for deriving SSROs, should
the site samples fail to satisfy the Tier 2 criteria for specific land uses. In the final project stage
(2013), AUPRF expanded the scope of study to further advance the revised guideline. This phase
is currently ongoing.
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A Rapid Bioassay for Predicting Toxicity of PHC-Contaminated Soil (Three Phases) (20102013)
Researcher: John Ashworth, ALS Laboratory Group
Project Champion: Chris Meloche, Husky Energy Inc.
Summary:
The project goal is to fully develop an existing rapid, accurate bioassay for soil at PHCcontaminated sites; especially soils that are likely non-toxic to biota, but which exceed CCME
criteria for solvent-extractable F2-F4 hydrocarbons. Costly Tier-2 testing of soils that failed this
rapid bioassay could be reconsidered. Alternatively, Tier 2 testing would likely be more costeffective for PHC-contaminated soils that passed the bioassay.
The bioassay is based on a combination of cyclodextrin (CD) extraction, followed by a Microtox
test on the soil extract. It has been established for a range of soils (Axiom 2005) that CD
extraction recovers only bio-available PHC, and that amounts of CD-extractable PHC are well
correlated with earthworm reproduction data. However, in this project quantification of extracted
PHC is not the goal.
CD-extracts of soil are usually non-toxic in the Microtox bioassay, but recent ALS work has
shown that CD-extracts can be activated, releasing PHC. Extracts of soils with sufficient bioavailable PHC then fail the Microtox test.
A wide range of real-world soils was obtained from Stantec. Other suitable soils were obtained
from PTAC / CAPP members. A range of PHC-spiked soils are also tested. Earthworm survival
data already available for Stantec’s soils was obtained by HydroQual Ltd. (S. Goudey). CD
extraction of all projects soils, and subsequent extract activation followed by Microtox testing
was done at ALS Edmonton (J. Ashworth) who also correlated data and provides interim and
final reports.
Knowledge gap:
Application of different measures of bioavailability to support the derivation of risk‐based Tier 2
remedial benchmarks for PHC contaminated sites.
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Policy issues:
Risk Assessment Cost Reduction. Identify areas where the board application of risk assessment
strategies may reduce the required management and remediation efforts.

Outcome and uptakes:
The desired outcome of the project was to deliver a new methodology to test the level of
contamination in soil, as the method which is currently used in the oil and gas industry is very
costly. The new methodology has been borrowed from other industries and has been applied
through this project, in order to understand whether it is suitable for the oil and gas industry. The
outcome was positive, and will become fully available for industry at year end 2013.
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Implementation of Subsoil Sodium Adsorption Ratio Guidelines into the Alberta
Environment Subsoil Salinity tool (Phase Two) (2012)
Synthesis of SAR/Hydraulic Conductivity Data from Multiple Column Studies Coupled With
Three-Dimensional Transport Modeling to Support Framework for Subsoil SAR Guidelines (Phase
One) (2011)

Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Michelle Young, Imperial Oil
Summary:
Phase One:
Increases in Sodium Adsorption Ratio (SAR) may result in swelling and/or dispersion of clayey
soils and consequent loss of hydraulic conductivity. This may lead to reduced infiltration or
‘hard-pan’ with elevated SAR in root-zone soils, or detrimental changes in water-table (waterlogging) with elevated SAR in subsoil. Equilibrium Environmental has been involved in
numerous (and ongoing) column studies for evaluating the effects of EC/SAR combinations on
hydraulic conductivity for a variety of soil types. This project proposes to synthesize the results
of these numerous column studies to generate an algorithm for predicting the relative loss of
hydraulic conductivity based on EC, SAR, and soil type. The potential effects of these hydraulic
conductivity losses on water table can then be modeled in three dimensions using a program such
as MODFLOW as a function of factors such as impact depth and size, and original water table
level. Ultimately, SAR/EC combinations which do not produce unacceptable changes in
modeled water table could be used as a framework for subsoil SAR guidelines. This project
builds on previous SAR research performed by Equilibrium in conjunction with PERD and
AUPRF funding as well as synergizing with various SAR risk assessments for the oil and gas
industry. Where supplementary analytical work is required from associated column experiments,
in-kind support from Exova in terms of preferred analytical rates is available.
Subsoil SAR currently has inadequately refined guidelines which may lead to over-remediation
of certain sites or the inability to generate effective remediation or risk management plans on
other sites due to a lack of appropriate risk-based guidelines. Risk-based subsoil SAR guidelines
could be based on factors such as soil type, EC, impact depth, dimensions, and background
salinity depending on the desired degree of conservatism and guideline complexity.
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Phase Two:
Salinity impacts have the largest total foot-print and potential environmental liability of all oil
and gas-related impacts to soil and groundwater. The Subsoil Salinity Tool (SST) currently
provides benefit to oil and gas companies, environmental consultants, government environmental
agencies, and landowners due to the ability to provide standardized assessment and remediation
of the chloride aspect of salinity impacts. It would be of value to extend these benefits to sodicity
(SAR), another important aspect of salinity impacts. Subsoil SAR currently has inadequately
refined guidelines which may lead to over-remediation of certain sites or the inability to generate
effective remediation or risk management plans on other sites. Having subsoil SAR guidelines
implemented in the SST in a similar manner to subsoil chloride guidelines provides enhanced
efficiency for site investigation, guideline derivation, and SST user training. Industry would
benefit from this project in terms of reduced investigation and remediation costs as well as
improved environmental performance. This could ultimately result in the accelerated return of
historically salt-impacted land to productive use while maximizing soil conservation and the
effectiveness of remediation resources.
This project does not include additional laboratory research, and focuses on algorithm
development, software implementation, and finalization of subsoil SAR guidelines. Previous and
current research projects performed by Equilibrium Environmental in conjunction with PERD,
AUPRF, Alberta Environment, and industry in-kind funding have generated a proposed
framework for subsoil SAR guidelines. The framework would be based on combinations of
multiple relevant factors (SAR, EC, soil texture, water table depth, lateral and vertical impact
dimensions, infiltration rate) producing an output of subsoil SAR guidelines that are not
associated with an unacceptable risk of potential adverse effects. The Subsoil Salinity tool
provides an effective mechanism to collect site-specific input parameters relevant to subsoil SAR
impacts, apply appropriate mathematical algorithms, and produce subsoil SAR guidelines on a
Tier 2 basis. This project proposes to implement additional SAR-related data input into the SST,
and implement suitable algorithms following a regulatory approval process in order to produce
subsoil SAR Tier 2 guidelines on a site-specific basis by operators of the SST. This allows the
simultaneous generation of subsoil chloride and SAR guidelines from one execution of the SST,
in addition to focusing remediation efforts on the salinity parameter of concern.
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Knowledge gap:
Development of risk‐based environmental assessment and remediation guidelines for subsoil
below the root‐zone. Development of guidance for implementation on a Tier 1, Tier 2, and/or
site‐specific basis.

Policy issues:
Subsoil SAR currently has inadequately refined guidelines which may lead to over-remediation
of certain sites, or the inability to generate effective remediation or risk management plans on
other sites due to a lack of appropriate risk-based guidelines. Risk-based subsoil SAR guidelines
could be based on factors such as soil type, EC, impact depth, dimensions, and background
salinity depending on the desired degree of conservatism and guideline complexity.

Outcome and uptakes:
Industry would benefit from this project in terms of reduced investigation and remediation costs
as well as improved environmental performance. Phase one was successful in providing data for
the second phase of the project. The outcomes of the first phase have been presented at numerous
conferences, while the second phase focused on applied research. The final report has recently
been submitted for review; therefore more time must pass to understand its effect on industry.
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Validation of Petroleum Hydrocarbon Stratified Remediation Subsoil Criteria (2012)
Researcher: Bonnie Drozdowski, Alberta Innovates - Technology Futures
Project Champion: Kathy Cox, Enerplus Corporation
Summary:
The objective of the study is to provide statistical evidence that the effects of Alberta Tier 1
critical concentrations of F2 and F3 hydrocarbons in both coarse and fine subsoil are not
significant. During the last several months, the project completed a number of activities and
objectives, including supplies acquisition, experimental set-up, seeding and initial monitoring
through funds provided by PTAC. The experiment is being conducted in a greenhouse with
canola and alfalfa using 2 m tall by 0.3 m diameter polyvinylchloride (PVC) pipes filled with
either coarse or fine soil. Each PVC pipe contains 10 cm of gravel followed by 40 cm of PHC
contaminated soil, and 1.5 m of clean coarse or fine soil. TDR moisture probes were placed at
varying depths within the profile and soil moisture is continuously being monitored to maintain
appropriate water contents. A total of 96 PVC pipes have been set up in a factorial arrangement
using a randomized block design with eight replicates. The objective of the second year of
monitoring is to complete the study of the validation of Petroleum Hydrocarbon Stratified
Remediation Subsoil Criteria by monitoring responses of canola and alfalfa with regards to
performance at different growth stages, root biomass, aboveground biomass, and yield as
compared to PHC free subsoil.

Knowledge gap:
Increasing knowledge regarding plant species’ sensitivity to petroleum hydrocarbons at depths
below 1.5m.

Policy issues:
There is a need to validate the current AENV subsoil guidelines by providing statistical evidence
that prove regional deep rooted crops are not affected by critical PHC concentrations in subsoil,
even under drought conditions when the plants are forced to extract moisture from depths below
1.5 m.
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Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Enhanced Reclamation Using Plant Growth Promoting Rhizobacteria in the Green Zone
(2011)
Researcher: Bonnie Drozdowski, Alberta Innovates - Technology Futures
Project Champion: Ole Mrklas, ConocoPhillips
Summary:
The objective of this study is to enhance the rate and effectiveness of hydrocarbon-contaminated
site reclamation using native plant species and plant growth promoting rhizobacteria (PGPR) by
optimizing the rhizosphere/ mycorrhizosphere systems. This will help plants establish and
survive in nutrient deficient and degraded habitats. The study involved isolation and
identification of PGPR, evaluation of different native plants, seeding rates, and application of
PGPR in the greenhouse and field environments
Knowledge gap:
It aims to provide potential alternative to conventional reclamation/remediation practices for oil
and gas sites in the Green Zone.

Policy issues:
The knowledge obtained through this research can be used as scientific evidence to support the
development of alternate guidelines and criteria for reclamation of contaminated sites in Alberta

Outcome and uptakes:
This project can be considered as a one of the very successful projects in this group of studies.
By selecting bacteria which reduces toxicity of soil in green zones, industry can reclaim
contaminated sites, much easier and cost efficient than before. Enhancing selected bacteria in
various soil types can decrease the cost of reforestation by over 50%, and has the potential to
relax regulation in green zones.
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Utilizing Carbon Ranges, Unresolved Complex Mixtures and Carbon Preference Index
Signatures as a new tool for Quantifying Biogenic Vs. Petrogenic Hydrocarbons in Soils
Contaminated With Heavy Petroleum Products (2011)
Researcher: George Dixon, University of Waterloo
Project Champion: Mike Morden, Suncor
Summary:
The project`s goal was to expand the current F3a:F3b database to include odd versus even nalkane ratios (Carbon Preference index) and UCM versus resolved peak ratios. All three
parameters would be collectively used to calculate true petrogenic concentrations for the full
range of light to heavy, refined and unrefined petroleum sources.
The development of this three-parameter approach would benefit all upstream and downstream
industries that work with bioremediation and/or removal of soils contaminated with light and
heavy petroleum products. This project is especially relevant to heavier products such as
bitumen, asphaltenes, fuel oils, engine oils, etc. This comprehensive approach could be used to
better define soil contamination remediation boundary zones, as well as phytoremediated soils.
It could also be used to evaluate true petrogenic concentrations for bioremediation techniques
that mix petroleum products with organic materials such as manure and sludge.
This project builds on the success of the F3a:F3b approach, by including all light and heavy
petroleum products, rather than only the lighter products. This is essential to ensuring that
biogenic interference issues can be eliminated for all petroleum products.
Knowledge gap:
Natural versus anthropogenic impacts

Policy issues:
Development of defensible laboratory methodologies that can differentiate between biogenic and
petrogenic hydrocarbon constituents
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Outcome and uptakes:
The resulting benefits pertain to soil bioremediation and excavation cost savings, in
addition to eliminating unnecessary disturbances to natural environments. The project was
successful in answering and exploring the toxicity issues surrounding petroleum
hydrocarbons in an attempt to influence the newly changed standards to be less
conservative.
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Simplified Microtox Bioassay Procedure for Drilling Waste Testing (2011)
Researcher: John Ashworth, ALS Environmental
Project Champion: Chris Meloche, Husky Energy Inc.
Summary:
Drilling waste testing labs in Alberta use some multi-concentration versions of the Microtox test,
such as the "increased sensitivity assay" (ISA), in which four separate solutions are tested
ranging in concentration from 10% to 82% of the submitted sample. Test results are reported as
an EC50(15) value, the concentration of test sample that would have caused exactly 50% light
loss, 15 minutes after mixing sample and test organism. This value is obtained from the line of
best fit through the four data points. For a pass result, as specified in AER's D-50 directive, the
EC50 concentration must be 75% or more.
The following alternative method is proposed:
Only one test concentration (exactly 75% of the as-received sample) is used. The per cent light
loss measured at that AER threshold concentration would be reported rather than an EC50(15)
value but the net result, in terms of pass or fail, would be exactly the same. A pass would occur
when light output (after 15 minutes) was still at least half of its initial level before mixing.
Validation against the current ISA version of the Microtox bioassay would be required to
confirm that this proposed single-concentration test was equivalent. Preliminary tests at ALS
indicate that it is indeed equivalent. Funding is requested from AUPRF to offset the costs of this
method validation, necessary to gain AER acceptance.

Policy issues:
The degree of conservatism current in many regulatory guidelines can be attributed to many
unnecessary costs associated with remedial efforts throughout the petroleum industry; therefore,
there is a need for the development of accepted scientific studies to reduce these conservatisms.

Outcome and uptakes:
The new methodology introduced in this project is currently being applied by industry, and likely
save money for the industry as a whole.
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Characterization of the Saturated Conductivity - SAR- EC Relationship in Subsoils (2010)
Researcher: Tony Knafla, Equilibrium Environmental Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The primary scope of this research is to: 1) characterize how soil saturated hydraulic
conductivity (KSAT) varies with EC and SAR in Western Canada relevant subsoil as a function
of clay mineralogy, soil texture, pH, at different ratios of magnesium, calcium, and sodium; 2)
evaluate treatment options for ameliorating SAR impacts in soil; 3) analyses these data for
guideline development; and, 4) provide recommendations for improving lab methods (and core
collection) for site-specific testing of saturated conductivity in subsoil.
This research is relevant to the following situations: 1) SAR impacted soils as a result of
produced water release sites due to upstream oil and gas activities and saline/ sodic water
produced from coal-bed methane operations; 2) construction practices leading to subsoil high in
naturally occurring sodium sulphate being brought to the surface resulting in increased EC, SAR,
and ESP values; and, 3) techniques for remediating SAR in subsoil.
The research plan and methodology of the project is designed to address the different scenarios
where SAR impacts may occur in subsoil, which is described below. the effects of elevated
sodium on surficial soil are well known (McNeal et al., 1968; Curtin et al., 1994a). High SAR
can result in dispersion of clay particles, aggregate breakdown, and clay swelling, leading to a
reduction in hydraulic permeability. Generic soil guidelines provide sodicity remediation
guidelines for topsoil and rooting zone, valid to a depth of 1.5 m. For salt impacted sites in the
upstream oil and gas industry, the depth of salinity and sodality impacts is generally dependent
on the produced water release mechanism, with larger spills, pipeline breaks and flare pit
releases potentially impacting soils to deeper depths.
Knowledge gap:
There are different scenarios where SAR impacts may occur in subsoil and the knowledge is
limited. The project aims to address this gap.
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Policy issues:
Reviewing SAR guidelines: remediation of impacted soils at depth to meet generic SAR
guidelines applicable for rooting zone soils may result in an over or under protection of soil
hydraulic conductivity.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.

53

Weathered PHC F2 and the Eco-Contact Pathway -The Effect of Soil Texture- Phase Two
(2010-Ongoing)
Weathered PHC F2 and the Eco-Contact Pathway - Quantifying the Effects of Weathering- Phase
one (2008)

Researcher: Miles Tindal, Axiom Environmental
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The latest (2008) version of the Petroleum Hydrocarbon Canada-Wide Standard (PHC CWS) and
the current AENV Tier 1 Guidelines revised the soil remediation guideline for the ecological
contact with plants and soil invertebrate’s pathway (the “eco-contact pathway”) for F2 down
from 900 mg/kg to 150 mg/kg (natural area, agricultural, and residential land use). This is the
limiting pathway for F2 at the vast majority of sites. The database of toxicological information
on which this F2 guideline was based is not extensive, and considered only fresh, rather than
weathered F2. Various works, including several former PTAC studies, have indicated that plant
and invertebrate toxicity in soil can be lower for weathered than fresh F3 PHCs. This issue was
taken into account in a recent upward revision to the soil guideline for F3 in fine soil. However,
minimal work relevant to the toxicity of weathered F2 appears to have been conducted, and this
project is intended to fill this research gap. Phase one of this project conducted a range finding
study with F2 spiked into fine-grained chernozem soil to determine the magnitude and kinetics of
the reduction to be expected in F2 during 12 months of a bench-scale weathering test. Ongoing
phase one studies are investigating the toxicity of weathered F2 to plants and soil invertebrates.
The results of phase one was encouraging, so it was needed to expand the scope of this project in
phase two to consider the effect of soil texture, and generate a dataset to support the derivation of
a revised guideline for F2 for both coarse and fine soil types.
Knowledge gap:
Phase one of this project researched the kinetics of F2 loss in soil and conducted ecological
toxicity testing on a fine (Chernozem) soil that had been spiked with F2 and then aged in the lab
for 6 months. Statistical analyses of these data are currently underway, but initial indications are
sufficiently promising to warrant expanding the scope of this study in a second phase.
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The phase two of this work focused on the toxicity of aged/weathered F2 in a coarse-grained
soil. Together, the results of Phase one and Phase two are expected to be sufficient to support the
development of a soil remediation guideline for weathered F2.

Policy issues:
Generate more realistic soil remediation guidelines for F2 for the eco-contact pathway.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Assessment of the Environmental Significance of Vapour Emissions During Ex-Situ
Remediation Activities (2010-Ongoing)
Researcher: Ian Mitchell, Meridian Environmental
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
Volatile emissions resulting from onsite ex situ remediation activities have the potential to
contribute to greenhouse gas emissions, as well as potentially impacting ambient air for humans
or sensitive ecological receptors. Currently, the magnitude of these emissions is not well
understood, but due to international, national and provincial requirements, an understanding of
these emissions is necessary.
The project is an evaluation of potential emissions from ex situ remediation activities and a
comparison with emissions resulting from offsite transport to landfills and to the overall
emissions from the oil and gas industry. Based on the results of a literature review, a model will
be developed to predict volatile emissions during ex situ remediation activities, including
emissions of petroleum hydrocarbons and other volatile organic chemicals, as well as particulate
and criteria air pollutants. Sampling of emissions may be undertaken in a future year to confirm
and calibrate the model results. An analysis of the potential environmental impacts of ex situ
remediation versus landfill disposal will be conducted
Knowledge gap:
To evaluate the environmental impacts to ambient air quality from volatile emissions during ex
situ remediation. To compare the overall environmental impacts to ambient air and financial
costs of onsite ex situ remedial technologies vs. off-site landfill disposal.

Policy issues:
To provide recommendations to the CCME Soil Quality Guidelines.

Outcome and uptakes:
The project is in progress at the time of interview. for further information, please check PTAC`s
website.
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Petroleum Hydrocarbon Tier 2 Guideline Calculation Software (2010)
Researcher: Tony Knafla, Equilibrium Environment Inc.
Project Champion: Mike Morden, Suncor
Summary:
Alberta Environment, as well as the Canadian Council for Ministers of the Environment (CCME)
has developed a protocol, and associated mathematical algorithms, for the development of sitespecific Tier 2 soil and groundwater quality guidelines for Petroleum Hydrocarbons (PHCs). In
order for practitioners to implement these guidelines, they must develop a spreadsheet, or other
tool, to process the site-specific inputs through a series of equations in order to calculate Tier 2
guidelines. This process is challenged by the presence of complimentary error correction
functions and in certain cases relatively complex equations, which can readily be utilized
incorrectly if the practitioner is not well versed in mathematics. Spreadsheets have previously
been developed for these calculations, however, uptake by practitioners has been relatively low
and they do not appear to be widely used. Furthermore, the Alberta Environment protocol
document has conditions under which Tier 2 guidelines are acceptable, or not, for application at
a particular site. This process can be an additional challenge to practitioners providing they are
not well versed on the subject or site-specific risk assessment in general. Finally, soil vapour
guideline and analysis methodologies have recently been developed in the USA and are pending
Canada for improving the accuracy of Tier 2 guidelines via the vapour inhalation pathway,
which should be incorporated into the Tier 2 guideline process.

Knowledge gap:
The project aims to provide software which can be used instead of spreadsheets.

Policy issues:
Develop soil vapour guideline and analysis methodologies in Tier 2 guidelines.

Outcome and uptakes:
The initiative has saved millions of dollars across the environmental industry, not only in
consulting fees to calculate Tier 2 standards, but also in the amount of marginally impacted soils
that are able to remain in place because of the calculations obtained.
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Evaluating the Eco Toxicity of PHC F3 in Peat Soils vs. Mineral Soils (2010)
Researcher: George Dixon, University of Waterloo
Project Champion: Mike Morden, Suncor
Summary:
The Canada-Wide Standards (CWS) for Petroleum Hydrocarbons (PHCs) in Soil were developed
through toxicological studies that were conducted on an artificial mineral soil composed of 70%
silica sand, 20% kaolinite clay, and 10% Sphagnum peat with an organic matter content of 9%.
Recent toxicity tests however, suggest that earthworms may be less sensitive to the presence of
PHCs in organic-rich soils as compared to mineral based artificial soils. The focus of this
proposal is to evaluate the toxicity of the F3 distillate of federated crude oil in low organic
content (artificial mineral soil) and high organic content or peat soils. The F3 fraction is selected
for this work based on its abundance in both crude oil and diesel, and its slow degradation
relative to lighter fractions. The chronic toxicity bioassays would include two invertebrate
reproduction tests and three definitive plant growth tests. The species and endpoints used would
be the same as were used to develop the PHC CWS guidelines. The results of this study could
identify the need for development of PHC CWS F3 guidelines to address high organic content
soils if F3 toxicity is found to be significantly lower in peat versus artificial mineral soil. CWS
guidelines specific to organic soils could decrease the need for remediation of marginally
contaminated sites.

Knowledge gap:
The research aims to understand how much earthworms are sensitive to the presence of PHCs in
organic-rich soils as compared to mineral based artificial soils.

Policy issues:
The results of this study could identify the need for development of PHC CWS F3 guidelines to
address high organic content soils if F3 toxicity is found to be significantly lower in peat versus
artificial mineral soil. CWS guidelines specific to organic soils could decrease the need for
remediation of marginally contaminated sites.
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Outcome and uptakes:
The project was successful in answering and exploring the toxicity issues surrounding petroleum
hydrocarbons in an attempt to influence the newly changed standards to something less
conservative.
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Distinguishing Natural Vs Petroleum F3 Hydrocarbons in Diesel invert Biopiles (2009Ongoing)
Researcher: George Dixon, University of Waterloo
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
Program of Energy Research and Development (PERD), PTAC and Natural Sciences and
Engineering Council (NSERC) provided research funding to the University of Waterloo in 2008.
PERD funding will support a Canada-wide hydrocarbon field survey. The PTAC and NSERC
funds were used to run laboratory-scale experiments that specifically simulated crude oil spills in
muskeg environments. This five-month experiment documented the chemical signatures that are
unique to crude oil and peat sources. This data is being used to develop new methods for
distinguishing hydrocarbons sources in crude oil pipeline spill situations.
In contrast, this 2009 proposal will address a different contamination issue, which is also
routinely faced by the Canadian petroleum industry. Diesel invert biopiles are used to remediate
petroleum hydrocarbons by composting drilling waste with manure and bulking materials such as
straw. However, manure and straw are naturally rich in biogenic hydrocarbons. This 2009 study
will document the unique biopile hydrocarbon signatures, which is essential to meeting
regulatory requirements by eliminating false PHC guideline exceedances.
Knowledge gap:
Hydrocarbons are found in most environments and can originate from either petroleum or
biogenic sources such as peat, plant tissues and animal manure. Currently, the "Canada-Wide
Standards for Petroleum Hydrocarbons (PHCs) in Soil,” cannot distinguish between biogenic and
petrogenic hydrocarbons. Consequently, biogenic hydrocarbons would be mistakenly identified
and regulated as if they had originated from petroleum sources. Resolution of this problem could
save the Canadian petroleum industry millions of dollars annually by eliminating the
unnecessary remediation and/or disposal of uncontaminated soils and composting materials.
Policy issues:
The research aims to develop the F2:F3b ratio and the BOC-adjusted PHC F3 calculation in Tier
2 guidelines.
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Outcome and uptakes:
This study was the first part of a three part study. The other two studies were: 1) distinguishing
Natural vs Petroleum F3 Hydrocarbons in Crude Oil Contaminated Peat and 2) characterizing
CWS PHC F2-F4 Concentrations and Patterns in Clean Soils. These studies produced a new
approach to resolving false detections of F3 PHCs in clean soils and compost. This new approach
is referred to as the F2:F3b ratio and the BOC-adjusted PHC F3 calculation.
The ultimate objective of this study was to develop a new approach to resolving false PHC
detections that could be incorporated into the existing CCME Reference Method for the CanadaWide Standard (CWS) for Petroleum Hydrocarbons in Soil. The F2:F3b ratio and the BOCadjusted PHC F3 calculation have been accepted on a Tier 2 case-by-case basis by Alberta
Environment. Environmental consulting companies have used the approach to delineate
background vs contaminated soil boundaries in several existing site remediation projects.
The Ontario Ministry of Environment (MOE) has invited the researcher to present the approach
to the Standards Development Branch on October 23, 2014 and the Laboratory Services Branch
on November 5, 2014. The purpose of these meetings is to discuss how the approach can be
implemented on a Tier 3 basis. The approach was well received by the Atlantic PIRI committee
at June 2013 meeting in Charlottetown PEI. The researcher also presented the study results at
the CCME soils working group meeting in Toronto, in November 2012. The approach was well
received and will continue to be discussed at their 2013 meeting.
This briefly summarizes how the diesel invert biopile study results are currently being used by
industry, consultants, and Alberta government, to exclude clean soils from remediation zones.
Acceptance by other provinces and the CCME is progressing as well.
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Study of the Fate and Transport of Calcium Sulphate (Gypsum) and Sodium Sulphate
Concentrations in Shallow Soil (2009-Ongoing)
Researcher: Tony Knafla, Equilibrium Environment Inc.
Project Champion: Steve Kullman, Husky Energy Inc.
Summary:
The knowledge gained on sulphate-salt transport will provide a guidance tool for evaluating the
sulphate risk to surface soils and groundwater. This will also help the development of risk-based
guidelines and remediation procedures for sulphate-impacted soils, and allow land management
recommendations to prevent or remediate sulphate impacts. for instance, such recommendations
could include tools to evaluate whether the use of calcium sulphate, calcium nitrate, or calcium
chloride poses a greater environmental risk when treating a SAR-impacted soil, and whether the
additional salinity from these salts poses a greater risk than the original SAR-impacted soil. they
could also provide guidance as to when natural leaching of sulphate salts from the surface could
provide a sufficiently rapid reduction of sulphate-related soil salinity.
Knowledge gap:
To increase the level of knowledge regarding the environmental mobility of sulphates,
particularly calcium and sodium salts, in soil and groundwater.

Policy issues:
To provide recommendations for guideline development and land management practices given
the relative solubility and mobility of these salts in the soil environment.

Outcome and uptakes:
The project is in progress at the time of interview. for further information, please check PTAC`s
website.
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Development of Risk-Based Environmental Assessment and Remediation Guidelines for
Salt Releases to Muskeg and Other Wetlands Settings (2008)
Researcher: Craig Harris, UMA Engineering Ltd.
Project Champion: Shawn Willetts, ConocoPhillips
Summary:
Focus on developing appropriate risk-based salinity guidelines for wetlands that have been
impacted primarily by produced water releases from pipelines. Activity in wetland areas and
spill events are relatively broad-based for industry operating in Alberta, and there is current
policy development with AENV regarding wetland impacts.

Knowledge gap:
To advance our scientific understanding of thresholds of effects for salt releases to wetlands
ecosystems in the northern settings of Canada’s prairie provinces and British Columbia.

Policy issues:
Existing salinity criteria are potentially overly conservative and not applicable since they were
derived from threshold effect levels to aquatic life in surface water bodies (lakes, rivers, etc.) and
not wetlands.

Outcome and uptakes:
The phase one draft report for this project has been submitted. For further information, please
view PTAC`s website.
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Validation of Subsoil Hydrocarbon Criteria for Stratified Remediation at Upstream Oil
and Gas Facilities in Alberta (2008-Ongoing)
Researcher: Andrei Startsev, Alberta Research Council
Project Champion: Chris Meloche, Husky Energy Inc.
Summary:
The concept of stratified remediation for petroleum hydrocarbons (PHCs) refers to the
application of alternative remediation standards for varying soil depths at upstream oil and gas
facilities in Alberta. The surface soil criteria apply from the soil surface down through the soil
profile, to a depth of either 1.5m or 3m depending on the area of consideration. The subsoil
criteria, which are less stringent, can be used below the 1.5m or 3m depth. There is a need to
validate the current Alberta Environment subsoil guidelines by providing empirical evidence that
regional deep rooted crops are not affected by critical PHC concentrations in subsoil under
drought conditions when the plants are forced to extract moisture from depths below 1.5m. A
soil column study was established in 2011, to validate these guidelines and determine the
phytotoxic effects of PHC contaminated subsoil on deep rooted crops.

Knowledge gap:
To provide empirical evidence to show that there are no phytotoxic effects on canola and alfalfa
grown in fine and coarse textured subsoil contaminated with F2 and F3 hydrocarbons at levels at
or above Alberta Tier 1 critical concentrations over four growing seasons in the greenhouse.

Policy issues:
Alberta Tier 1

Outcome and uptakes:
Up to now, the research has shown potential to change the relevant regulations and guidelines.
This project will be completed by the end of 2013, and the process of changing regulation may
take an additional two years. Alberta Energy Regulator will consider the results upon
completion. The project outcome will potentially save millions dollars and would decrease
emissions and landfill usage.
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Refining the Analytical Protocols for Methanol, Amines and Glycols (2008)
Methanol, Amines, and Glycols Guideline (MAGG) Project (2006)

Chemical and Isotopic Characterization of Water and Dissolved Gases in Shallow Aquifers
in the Vicinity of Coal Bed Methane Operations in Alberta (2007)
Researcher: Bernhard Mayer, University of Calgary
Project Champion: Michael Gatens, Quicksilver Resources Canada Inc.
Summary:
Although production of coal bed methane (CBM) is a relatively recent industry in Alberta, it is
considered a vital new source of natural gas supply in Western Canada. However, there are
significant environmental concerns, some of them pertaining to the potential for contamination
of shallow aquifers. The chemical and isotopic composition of water and gases in shallow
aquifers of Alberta is poorly known. This is particularly troublesome since shallow groundwater
in some areas has been known to be gas-containing even before the commencement of CBM
operations. The source of these naturally occurring gases is not well understood. However, for
reliably monitoring the potential impact of CBM production on shallow aquifers it is essential
that the chemical and isotopic compositions of shallow groundwater are thoroughly known.
The objective of this project is to characterize the chemical and isotopic composition of shallow
groundwater in CBM-producing regions of Alberta. Leading-edge analytical techniques will be
employed to determine the chemical composition and the isotopic composition of water,
dissolved ions, and dissolved gases in shallow groundwater. The goal is to determine a) the
chemical composition of natural shallow groundwater before more widespread CBM operations
commence, b) develop reliable sampling and analysis techniques, and c) identify the sources of
naturally occurring gas in shallow groundwater. This information is crucial for future attempts to
monitor potential contamination of shallow aquifers with produced fluids or gases from CBM
operations. Hence, the project will make an essential and timely contribution to ensuring an
environmentally sustainable extraction of coal bed methane, while protecting precious freshwater
resources in the shallow aquifers of the province.
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Knowledge gap:
Determine the chemical composition of natural shallow groundwater before more widespread
CBM operations commence, develop reliable sampling and analysis techniques, and identify the
sources of naturally occurring gas in shallow groundwater.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry. the development of accepted
scientific studies to reduce these conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.

Outcome and uptakes:
This new methodology can be utilized to recognize the source of potential methane
contamination in wells, and is an improved method in examining water quality. However, since
Coal Bed Methane operations have decreased in Alberta, the application of this research has not
been significant.
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Guideline Derivation for Soil Salinity below the Root Zone (2007)
Guideline Derivation for Soil Salinity below the Root Zone - Generic Salinity Risk Criteria Matrix
Refinement and Screening Decision tool Development (2006)
Development of Generic Site Assessment Criteria for Salinity below the Root Zone (2005)
Field Verification of Salinity Models Proposed for Developing Risk Based Salt Criteria in Soil
(2003)

Researcher: Andrew Karvonen, MDH; Gordon Dinwoodie, Alberta Environment Anthony
Knafla, Equilibrium Environmental
Project Champion: Rob Staniland, Talisman Energy; Chris Meloche, Husky Energy Inc.
Summary:
Projects 2003-2005 and 2006:
This project evaluated the use of computer models to identify conditions under which salt below
the root zone will not pose a risk to receptors. Previous projects by Alberta Environment and
the Canadian Association of Petroleum Producers (CAPP) have identified models that are
suitable for use in risk assessment of salt transport. This research project used these models to
identify the site factors that influence salt movement below the root zone. Using model
projections, the contractor developed a set of generic site parameters that define conditions under
which risk of salt movement is minimized. The modelling predictions were confirmed by a field
testing program. This project provided the basis for a generic risk-based approach to assessing
salinity below the root zone.
Project 2007:
This phase was required for completing a final phase for the development of subsoil salinity
guidelines in Alberta and finalizing the beta version subsoil salinity software tool for submission
to Alberta Environment. The scope of work in this proposal included:
-Two rollout workshops (in Red Deer, Alberta) for assisting industry (proponents, regulators,
and consulting groups) with using the subsoil salinity beta version software tool;
-Technical resource to provide industry with assistance in trouble shooting problems encountered
with the use of the tool (e.g., software conflicts, scenarios not addressed by the tool, etc.);
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-Database management of input and output forms from the software tool, generated by industry,
to assist in identifying scenarios/situations where the software tool was used successfully and
where problems were encountered;
-Revisions to the beta software tool to insure the majority of situations/scenarios in Alberta are
addressed; and,
-Summary report to ERAC highlighting situations whether the software tool was implemented
successfully, problems encountered, and revisions made to address these problems.

Knowledge gap:
To finalize the beta version subsoil salinity software tool for submission to Alberta Environment

Policy issues:
To develop subsoil salinity guidelines in Alberta

Outcome:
This project assisted in changing regulatory guidelines and led to the construction of a new tool
(SST) by Alberta Environment (SST), which helps industry save money. the development of this
tool has become the topic of several additional research projects within PTAC.
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Distinguishing Natural Vs Petroleum F3 Hydrocarbons in Oil Spill Impacted Muskeg
Material (2007)
Researcher: George Dixon, University of Waterloo
Project Champion: Chris Meloche, Husky Energy
Summary:
Science has established that hydrocarbons can originate from ancient petroleum deposits as well
as from newly biosynthesized plant and animal materials. Petrogenic (Petroleum) hydrocarbon
(PHC) sources include crude oil, diesel fuel, motor oil, etc. Biogenic Hydrocarbon (BHC)
sources include plant tissues, animal waste, sewage sludge, etc. However, the current CCME
Canada-wide Standards for Petroleum Hydrocarbons assume that all detectable hydrocarbons
originate from petroleum sources. in reality, uncontaminated organically rich soils (e.g. muskeg
peat) could routinely recover BHCs as well as PHCs under the mistaken assumption that they
had all originated from petroleum sources. In the case of oil spill impacted areas, this
misconception could potentially lead to the unnecessary and costly excavation and/or
remediation of these areas.
This research included bench scale contamination experiments that documented unique BHC and
PHC chemical signatures. This data may then contribute to the enhancement of the current
CCME protocol by allowing BHCs and PHCs to be correctly identified and regulated in future
environmental evaluations.
Knowledge gap
Not available.
Policy issues:
Not available.
Outcome and uptakes:
This project has helped to refine methodologies regarding scale contamination of BHCs and
PHCs. Currently, Husky is using the refined methodology in its practices.
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Validation of Subsoil Hydrocarbon Criteria for Stratified Remediation At Upstream Oil
and Gas Facilities in Alberta: Field Study (2007)
Researcher: Andrei Startsev, Alberta Research Council
Project Champion: Chris Meloche, Husky Energy
Summary:
Alberta Environment PHC guidelines for subsoil were tested in a field study for adequate
protection of crops and invertebrates. At least 6 sites were selected based on the following
criteria: 1.) PHC concentration in subsoil is at or near the critical value; and 2.) fine and coarse
soil types should be equally represented. Same deep-rooted crop (such as canola) will be seeded
at the sites in the first year. At each site, a 5m2 plot was harvested and yield measured in 3
locations within 15 m from wellhead; in 3 locations in the rest of the lease area; and in 3
locations in undisturbed farmland adjacent to the lease. At least 3 soil cores 2 inches in diameter
were extracted from each harvested plot to count roots and invertebrates to 3 m depth. In the
second year, each site was seeded to another crop or to the same crop depending on weather and
other contingencies as well as on whether the first year sample size was sufficient for statistical
analyses. The harvest and sampling procedures in the second year repeated those in the first year.
Lack of significant PHC effect on crop and invertebrates is an indication of adequate protection
by Alberta Environment guidelines.
Knowledge gap:
Not available.
Policy issues:
Not available.
Outcome and uptakes:
The criteria in Tier 1 did not distinguish between subsoil and surface soils, thus, the guideline
has provided the same test and criteria. The research aimed to make a distinction between these
two groups. This project has the potential to change regulatory guidelines, but to do so it requires
more research.
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Validation of Toxicology Test Methods for Assessing Petroleum Hydrocarbon and Brine
Spills in Boreal Forest and Taiga Eco-Zone Soils (2006)
Researcher: Rick Scroggins, Environment Canada
Project Champion: Julie Roy, Imperial Oil
Summary:
Since 2003, a number of studies funded through the Program of Energy Research and
Development PERD boreal forest method development project have been completed to identify
species and to initiate culture and test method research using ecological-relevant species
representative of non-agricultural Canadian eco-zones. Test methods for six terrestrial plant
species of the Canadian boreal forest eco-zone have been developed and are currently being
refined. For terrestrial soil invertebrates, candidate test organisms which inhabit the LFH and
mineral soil horizons of boreal forests have been selected but test method development is
currently underway.
In early 2006, planning and logistics for the collection of PHC and brine-impacted soils from a
forested site in northern Alberta has occurred. Staff from the soil toxicology laboratory of
Environment Canada’s Environmental Technology Centre (ETC) in Ottawa arranged and led the
various tasks involved in soil collection. Site selection, initial soil characterization and actual soil
collection was coordinated with Devon Canada staff. Reference soils that have similar soil
characteristics to the impacted soils was identified and collected during the same soil sampling
effort. The soils were collected in two different ways: 1) as a bulk soil collection of the different
forest horizons (LFH, A-horizon and B-horizon), and 2) as intact soil cores covering the same
three soil horizons. Throughout 2006, testing with various standard and boreal forest plant and
invertebrate species has been conducted. The toxicity of the PHC and salt-impacted soils was
first assessed using the three standardized Environment Canada tests using earthworm, springtail
and terrestrial plant species. The different forest soil horizons were re-assembled in the various
test containers in the appropriate layers and proportions. Boreal forest species testing was started
with the measurement of emergence and early seedling growth of the six woody and herbaceous
species and survival, avoidance and, possibly reproduction of the two earthworm species. The
next round of testing was included collembolan survival and reproductions testing using three
boreal forest species and survival and, possibly reproduction testing using a number of candidate
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oribatida mite species. Testing was initially be performance tests with reference soils where the
various forest soil horizons had been re-assembled in layers in each test container. The next step
was to conduct a set of full serial dilution tests on the PHC- and brine-impacted soils.
Knowledge gap:
To identify and collect suitable forest soils impacted by petroleum hydrocarbons (PHC) and
brine from produced water spills for testing; to assess the performance of the new boreal forest
species and test systems through testing of PHC- and saltwater-impacted soils; and to compare
the results generated through testing with the standardized Environment Canada soil toxicity
species and the new boreal forest species on the PHC- and brine-impacted soils as part of method
validation.
Policy issues:
Redefine method research using ecological-relevant species representative of non-agricultural
Canadian eco-zones.

Outcome and uptakes:
The draft of the Tier 2 Eco Contact guideline has been created based on the outcome of this
project.
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Imaging the Fate and Transport of a Salt Spill during Remediation with Time-Lapse
Electrical Resistivity (2004 to 2006)
Researcher: Laurence R. Bentley, University of Calgary
Project Champion: Stuart Lunn, Imperial Oil
Summary:
The purpose of the study was to develop protocols for assessing the distribution and evolution of
salt in soils and groundwater using repeated electrical surveys. Electrical resistivity imaging
(ERI) and induced polarization (IP) was used in integrated interpretations to identify areas of
elevated salt concentrations and helped separate out the effects of geological heterogeneities.
These two types of surveys can be applied from the surface to produce three-dimensional
interpretations of the subsurface. It was our intent to provide detailed maps of the subsurface at a
sequence of times over 3 years in order to monitor remediation progress of soils and groundwater
containing high concentrations of salt.

Knowledge gap:
To provide real-time monitoring of remediation progress, identify problem areas for early
intervention, lead to improved remediation design, reduce uncertainty and reduce risk.

Policy issues:
To develop protocols for assessing the distribution and evolution of salt in soils and groundwater
using repeated electrical surveys.

Outcome and uptakes:
This project helped to identify the main sources of salt in the environment. The tool (ERT) has
been completed and refined based on the outcome of this project, which assists those at field
sites in mapping out salt levels. (Key outcomes: ERT tool)
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Field-Scale Assessments of the Phytoremediation of Weathered Hydrocarbons in Soil
(2005)
Field-Scale Assessments of the Phytoremediation of Weathered Hydrocarbons in Soil (2004)

Researcher: James Germida, University of Saskatchewan
Project Champion: Maria Campbell, Talisman Energy
Summary:
Phytotechnologies involve the plant–assisted bioremediation of contaminants and are essentially
a form of ecological engineering that depends on natural, synergistic relationships among plants,
microorganisms and the environment. Since 1998, we have been working in concert with the
Environmental Biotechnology Applications Division of Environment Canada and industry
partners to assess the utility of plants in a remediation capacity under prevailing Canadian
environmental conditions and associated regulatory oversight. the results of this work indicate
that to fully exploit and use phytoremediation we need to gain a better understanding of: (i) the
pool of phytoremediation species found in Canada; (ii) how phytoremediation operates under
unique Canadian climatic conditions; (iii) the mechanisms employed by phytoremediator plants
to restore contaminated sites; and (iv) the agronomic requirements needed to maximize
phytoremediation as an efficient and cost-effective cleanup technology. So, while there is clear
recognition that phytotechnologies have the potential to play an important role in future
remediation strategies in Canada, there remains a critical need for ‘field performance data’ to
verify this potential, as well as to assess its limitations and determine appropriate uses of the
newly emerging phytotechnologies. The long-term objective of this study is to establish field
research sites in Saskatchewan and Alberta to assess and demonstrate the utility of
phytoremediation as a means of reducing petroleum hydrocarbon levels in oil-contaminated soils
to environmentally acceptable endpoints.
Knowledge gap:
To increase our understanding of how plants contribute to the degradation and containment of
PHCs and to address the challenges faced by phytoremediation systems under the prevailing
field conditions of the site.
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Policy issues:
To develop recommendations to overcome these challenges and implement effective
phytoremediation strategies for Western Canada.

Outcome and uptakes:
The project helped to evaluate the effectiveness of the existing method. Thus, its influence was
greater upon methodology change than policy change.
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Environmentally Acceptable Endpoints for Weathered/Aged (Residual) Petroleum
Hydrocarbons CCME CWS Fraction F3 in Soil (2005)
A Re-Evaluation of the toxicity of CCME Petroleum Hydrocarbon Fraction 3, and interaction
Effects between Fractions (2004)
A Re-Evaluation of the toxicity of CCME Petroleum Hydrocarbon Fraction 3, and Interaction
Effects between Fractions (2003)

Researcher: Suzanne Visser, University of Calgary; George Dixon, University of Waterloo;
Miles Tindal, Axiom Environmental
Project Champion: Ed Osborne, Conoco; Julie Roy, Imperial Oil; Chris Meloche, Chevron
Canada Resources
Summary:
Phase one:
Canada Wide Standards (CWS) for petroleum hydrocarbons (PHCs), released by the Canadian
Council of Ministers of the Environment(CCME)in 2001, are based on PHC fractions with
F1=C6-C10; F2=>C10-C16; F3=>C16-C34 and F4=>C34. Results from research conducted in
Phase 2 of the PTAC study, "Environmentally Acceptable Endpoints for Residual Unrefined
PHCs in Soil", indicate that, in fine-grained, surface soils, the guideline for F3 PHCs (800
mg/kg) may be too conservative, and that PHC residuals which exceed the F3 level may not pose
and ecotoxicological risk. The aforementioned study concentrated on sandy and loam soils; clay
soils were not considered in detail. Since many PHC-contaminated soils are predominantly finetextured clay (e.g. flare pit wastes), and since soil texture is important in determining the stability
and biological availability of PHC contaminants, the project evaluated the environmental risk
associated with stable PHC residuals in clay soils.
Phase two:
Both the toxicity of Fraction 3 (F3) and the potential for interactions among fractions have been
identified as areas requiring study for the Canada-wide Standards for Petroleum Hydrocarbons in
Soils (PHC CWS). The current ecological receptor values for F3 are thought to be overly
conservative. Fraction 3 spans a relatively large n-alkane boiling point range, and it is believed
that the toxicity for whole F3 is not reflective of the toxicity of the higher molecular weight
constituents that remain in soils following weathering and/or remediation. The phases aimed to
address these issues.
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Phase three:
The Canada-Wide Standard for Petroleum Hydrocarbons in Soil (PHC CWS) was released in
May 2001, and has proved a useful tool for managing many hydrocarbon-contaminated sites.
However, it is becoming apparent that the application of the PHC CWS guidelines has some
significant limitations when applied to weathered and aged hydrocarbons in soil. The preferred
method of managing hydrocarbon contamination at upstream oil and gas sites is to bioremediate
the hydrocarbon-contaminated soil. Typically, bioremediation is effective at reducing PHC
fractions F1 and F2 below PHC CWS guideline levels, and at many sites, F4 is below guideline
levels anyway. Bioremediation is usually successful at reducing F3 concentrations to a certain
extent, but eventually an endpoint is reached where no further bioremediation occurs. This may
occur while F3 concentrations are still above PHC CWS guideline levels. Studies have indicated
that in some cases these residual concentrations of F3, while above PHC CWS guidelines, are
actually non-toxic to plants and soil invertebrates. Currently, a manager has the option to
conduct site-specific toxicity testing on biotreated soils to determine whether residual F3
concentrations are still toxic. However, site-specific toxicity testing can be an expensive and
lengthy process. This project seeks to develop a more easily applicable solution to this issue by
examining the relationship between toxicity and the concentration of bioavailable hydrocarbon.
The current application is for phase two of this project.

Knowledge gap:
Access to data that may support more refined benchmark values for petroleum hydrocarbons in
the current fraction 3 range. This may allow more sites to be treated by stimulated
bioremediation and thus reduce the amount of soil that needs to be sent to landfills. Soil is a
valuable commodity that should be conserved. The results of this study aim to show that fertile
and productive soil is not wasted because of inaccurate determinations of contamination. Access
to additional data on the uptake, dissipation kinetics, and ecotoxicity of individual and combined
petroleum hydrocarbon fractions in soil might prove useful in risk assessments of contaminated
sites.
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Policy issues:
The data from this project might be used in the re-evaluation of the CCME Canada-wide
Standards for Petroleum Hydrocarbons in Soils scheduled for 2003, and again in 2008. The data
on fraction interactions might be considered for incorporation into a Tier 2 guide for
contaminated site. This project results might be useful to regulators. these values will be
protective of the soil environment for ecological receptors, and might be technically achievable
using current remediation technologies, especially those for the higher molecular weight
subfraction of F3. The results might decrease the loss of productive soils to landfills and extend
the lifespan of the existing landfills

Outcomes and uptakes:
Based on these projects, PTAC has been nominated twice for the prestigious Emerald Award.
These projects have saved millions of dollars for industry by decreasing the criteria of regulatory
guidelines. The information gathered on potential interaction effects ensured that the regulatory
values were protective of ecological receptors in the soil environment and resulted in
modifications to the current Canada-Wide Standards for Petroleum Hydrocarbons at a Tier 2
level.
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Compost Amendment of Oil Field Waste to Remediate High Concentrations of Petroleum
Hydrocarbons F3 and F4 Fractions (2004)
Researcher: Katharine Cross, Komex
Project Champion: Stephanie McIntrye, Northrock Resources
Summary:
The research relates to the feasibility of using compost amendment to treat soils contaminated
with very high concentrations of large molecular weight petroleum hydrocarbons from sites
associated with oil and gas production. The study developed a more fundamental
characterization of the complex mixture of amendment and contaminated soil initially and during
bioremediation using GC/MS analysis.
Knowledge gap/Policy issues:
Not available.
Outcome and uptakes:
This project helped both industry and government to refine their understanding of remediation
techniques.
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Monitored Natural Attenuation for Upstream Oil and Gas industry (2003)
Researcher: James Armstrong, Komex
Project Champion: Lois Garret, Devon
Summary:
This CAPP-funded research forms part of a larger research program titled “Consortium for
Research on Natural Attenuation” (CORONA) for the Upstream Oil and Gas industry in Alberta.
The principal goal of CORONA is to help the upstream oil and gas industry gain regulatory and
public acceptance of NA as a valid remediation alternative. Research is directed to assessing
natural attenuation of contaminants associated with oil and gas production under typical Alberta
conditions (cool temperatures, fine-grained soils and fractured bedrock). included in this
objective is providing regulators and site owners with guidance to assist with effective
implementation of the process at similar sites.
The CAPP-sponsored research forms part of the second and fourth stages of the overall
CORONA program summarized below:


Review of current conditions relating to Natural Attenuation (NA) at upstream sites;



Selection and detailed evaluation of demonstration sites;



Evaluation of NA viability as a remediation approach; and,



Development of NA guidelines.

Knowledge gap:
Critical evaluation of natural attenuation as a remediation approach, examination of the end point
and rate of remediation, development of protocol for using natural attenuation for remediation
and identify sites where active remediation should be used

Policy issues:
Critical evaluation of natural attenuation as a remediation approach, improve understanding of
natural attenuation processes (timeframe and remediation endpoints), development of protocol
for natural attenuation at Alberta oil and gas site, provide supporting evidence for natural
attenuation guideline and help identify site characterization and monitoring data needs
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Outcome and uptakes:
The project has provided scientific support, as required by the government, for current industry
practices. Alberta Environment has revised a Tier 1 guideline based on the outcome of this
project.
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Improved Methods of Evaluating Revegetation for Determining Reclamation Success on
Cultivated Land (2003)
Researcher: Heather Sinton, Alberta Environment
Project Champion: Rob Staniland, Talisman Energy; Jody Spady, Husky Energy Inc.
Summary:
The current Reclamation Criteria for Well sites and Associated Facilities – 1995 Update uses revegetation assessment methods (species composition, health, plant cover and density) that may
not accurately reflect crop/forage yields in some situations. Farmers are complaining that sites
that pass reclamation criteria (e.g., 80% plant density/height) often yield less 80% of the yield on
adjacent lands. There is a need to develop improved vegetation assessment procedures that
accurately measure yield/productivity indicators.

Knowledge gap:
To improve the quality of re vegetation assessments to assure the accuracy of information

Policy issues:
To recommend refined protocols for conducting assessments (including the selection of
appropriate controls) to support/enhance the 1995 Reclamation Criteria for Wellsites and
Associated Facilities

Outcome and uptakes:
The literature review identified more than two dozen reports, guidelines and other documents. A
good percentage of the questionnaires were returned and, based on those, in-depth interviews
were conducted with about 10 people. The final report added valuable knowledge to the industry.
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Testing Remediation Techniques for Salt Affected Sites (2003)
Researcher: Nancy Finlayson, Matrix Solutions Inc.
Project Champion: Julie Roy, Imperial Oil
Summary:
PTAC invites vendors, producers, researchers and regulators to participate in research aimed at
improving the cost-competitiveness and reliability of technologies used to remediate salt-affected
soil and groundwater. The goal of this RFP is to generate proposals for applied scientific
research that focuses on improving the performance and reliability of either one of the following
technologies:


Removal of Na+ and Cl- ions from soil by leaching (considering options such as
amendments, electrical current, ion exchange resins, drainage, irrigation with saline
water, design of mobile leaching cells, etc.)



Removal of Na+ and Cl- ions from soil by phytoextraction



Recovery of salt-impacted groundwater by water recovery trenches and vertical water
recovery wells



Recovery of salt-impacted groundwater by salt-loving phreatophytes (i.e. plants that draw
water from permanently water-saturated zones in soil)

Knowledge gap:
Improving the cost-competitiveness and reliability of technologies used to remediate saltaffected soil and groundwater

Policy issues:
Amending the Salt Contamination Assessment and Remediation Guidelines (Alberta
Environment 2001) and the Canadian Environmental Quality Guidelines (CCME, 1999)

Outcome and uptakes:
This project has helped industry redefine and redesign their remediation techniques.
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CHAPTER TWO: Water Projects
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Introduction to Water Projects:
Between 2009 and 2013, a total of 14 projects were funded by AUPRF through the Water
innovation Planning Committee (WIPC). Out of the 14 projects, the practical, regulatory and
scientific implications of 10 projects were analysed. Four remaining projects at time of
publishing were in the early stages of development. All 14 projects have been listed, including
the policy issues and knowledge gaps that led to the initial introduction of the projects, as well as
the outcomes and possible outcomes.
AUPRF Water projects have made significant contributions to industry and the existing
knowledge base. While some projects under the WIPC remain ongoing and their effect still
unknown, many of the completed projects have profoundly impacted industry. For example, the
recent “Modern Practices of Hydraulic Fracturing" report published in 2012, was cited three
times in peer-reviewed academic journals in the short amount of time it has been available to the
public. Another success story from the WIPC is the “Frac Water Recycling Feasibility Study and
Decision tool” which received significant attention from firms such as Schlumberger because of

its applicability in the field.
Detailed project information is included in the individual summary pages below, while a list of
the major outcomes of PTAC Water projects can be found in below:


Development of a Risk-based Criteria for the Treatment of Saline Water from Source
Wells



Frac Water Recycling Feasibility Study and Decision tool



Emergency Surface Water Pond Treatment Technology



Sustainable Frac© Water and Produced Water Treatment and Cycle-Phase one and Phase
two Pilot Testing



Integrated Assessment of Water Resources for Unconventional Oil and Gas Plays, Westcentral Alberta



Direct and indirect Environmental Risks of Hydraulic Fracturing and Associated
Additives



Assessment of the Practicality of Reusing Treated Produced Water from Shallow Gas
Wells of the Western Canadian Sedimentary Basin
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Chemical and Isotopic Characterization of Water and Dissolved Gases in Shallow
Aquifers in the Vicinity of Coal Bed Methane Operations in Alberta



Beneficial Use of Pre-treated Produced Water and Related Salt Impacted Waters Using
Advanced Ceramic Membranes
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Integrated Assessment of Water Resources for Unconventional Oil and Gas Plays, WestCentral Alberta (Phase Two) (2013- on Going)
Targeted Regional Water Inventory Project (TRWIP) in Alberta's Key Unconventional Oil and
Gas Areas (Phase one) (2012)

Researcher: Brad Hayes, Petrel Robertson Consulting Ltd.
Project Champion: Scott Hillier, ConocoPhillips
Summary:
Unconventional gas and oil development depends upon access to large volumes of water for
completions operations. At the same time however, water use is a concern to all parties including
stakeholders and the water resource must be carefully managed. Knowledge of water availability
and interactions between surface and groundwater will prevent conflicts, and support sciencebased decision-making and thoughtful development. However, appropriate water use solutions
tend to vary across resource plays and therefore require a regional approach.
Knowledge gap:
There are dozens of regulations in place to protect groundwater resources during all stages of
shale gas, tight gas, and tight oil development. There is little field monitoring to support the
understanding that these regulated practices are sufficient to protect local groundwater.
Upcoming amendments to the Water Conservation and Allocation Policy/Guideline for Oilfield
injection will likely include additional requirements for proponents to consider when applying
for licenses to use non‐saline water. One of these requirements is likely to complete an
environmental net effects assessment of the various water source alternatives. There are no
assessment tools developed to complete this evaluation.

Policy issues:
Protection of groundwater quality and quantity during development of unconventional oil and
gas resources in the Western Canadian Sedimentary Basin. Assessment of alternate sources of
water for unconventional oil and gas development considering the entire life cycle.
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Outcome and uptakes:
The main outcome of the project will be a database which will be available for the industry and
government. As mentioned above, there is no united tool and database that is able to help the
industry evaluate its water usage process. This lack causes two major problems: 1) increasing the
cost of having the appropriate information, and in turn hampering a small size company’s access
to appropriate data 2) making communication harder between the industry and the government.
These two projects have mainly tried to address these problems. The second phase is not
completed yet. (Key outcomes: Facilitating communication between involved parties and new
assessment tool).
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Development of a Risk-Based Criteria for the Treatment of Saline Water from Source
Wells That Would Allow Storage in Unlined Earthen Pits and Transportation via Overland
Pipelines (2013-Ongoing)
Researcher: Ian Mitchell, Millennium EMS Solutions Ltd.
Project Champion: Jennifer Ezekiel, Encana
Summary:
The project is intended to develop risk-based criteria for the treatment and storage of saline water
in unlined earthen pits and transportation via overland pipelines in the Pipestone and Gordondale
areas of Alberta.
Knowledge gap:
Upcoming amendments to the Water Conservation and Allocation Policy/Guideline for Oilfield
Injection will likely include additional requirements for proponents to consider when applying
for licenses to use non‐saline water. One of these requirements is likely to complete an
environmental net effects assessment of the various water source alternatives. There are no
assessment tools developed to complete this evaluation.
Policy issues:
Assessment of alternate sources of water for unconventional oil and gas development
considering the entire life cycle
Outcome and uptakes:
The project has had three phases: 1) reviewing the literatures to understand what has been done
up to present 2) modeling: understand the criteria 3) field level. The outcome of phase two was
supposed to be used in phase three, however, as time passed, researchers noticed that the
outcomes of phase two were not testable in the field because of financial, environmental (the
possibility of contamination), and ethical reasons. The scope of projects has therefore changed,
and now the prediction is that the tool would be ready to be used by 2014.
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Sustainable Frac Water and Produced Water Treatment and Cycle- Phase One and Phase
Two Pilot Testing (2011 and 2012)
Researcher: Sarah Fulton, PennWest Exploration, Applicant: V. Martez, SAIT, Energy and
Environment
Project Champion: Sarah Fulton, PennWest Exploration
Summary:
The overall purpose of the project is to develop and test a system for secondary process
wastewater treatment comprising produced water and frac-water flowbacks (from drilling) to
support beneficial recycle and reuse. The project was divided in two phases. Phase one focused
on Technology selection. Phase two was dependent on the outcome of Phase one. Since Phase
one is the focus of this project, the key outcomes of the Phase one are;
1) A Final report was prepared by PennWest and SAIT to address a critical knowledge gap on
adaptable existing efficient and new clean technologies
2) The joint participation between Penn West and SAIT resulted in a technical forum,
presentation and technical publication that are anticipated to benefit the oil and gas industry.

Knowledge gap:
A considerable knowledge gap exists currently in adapting suitable treatment technologies in
process waste water treatment comprising frac-flow backs and produced water. This is because
there is no single treatment technology to clean up complex dissolved constituents such as salt
based cations and anions, heavy metal, and toxic organic compounds. The project is expected to
address this critical knowledge gap on adaptable a) existing and efficient technologies and b)
new clean technologies for the beneficial reuse/recycle of frac-flowbacks and produced water
streams.

Policy issues:
The final impact will be the implementation of the triple bottom line (environmentally
responsible, economically sound and socially acceptable) decision making which will lead to
sustainable produced water treatment solutions.
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Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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The Modern Practices of Hydraulic Fracturing (2011)
Researcher: Dan Arthur, P.E., SPEC, ALL Consulting
Project Champion: Scott Hillier, ConocoPhillips
Summary:
The subject of hydraulic fracturing, especially high-volume hydraulic fracturing associated with
unconventional gas development, has created concerns over risk to human health and the
environment. This has led several producers, as well as service companies and chemical
manufacturers, to seriously consider the use of fewer and greener additives. However, defining
and understanding the risks associated with fracturing and associated additives are still
developing. This research looks at how hydraulic fracturing works, how it is regulated by
government, and the best management practices industry uses to address potential environmental
and human health risks from hydraulic fracturing. The report concludes that while the risks
associated with hydraulic fracturing are very small due to government regulations and advanced
technology, the use of best management practices by industry reduces and mitigates those risks
that remain. The report points out that many of the concerns raised about hydraulic fracturing are
related to the production of oil and gas, but are not directly related to the act of hydraulically
fracturing a well.
Knowledge gap:
Study of comparison of the benefits (social and economic) to Alberta on the basis of water
use/boe, water use / surface area footprint

Policy issues:
Socioeconomic Study of the Public's Perception of industry's Water Use.

Outcome and uptakes:
The report has been published by PTAC and SCEK and it is available on PTAC, CAPP, SCEK
and SPE websites to download. The report has received three citations in academic peerreviewed journals. It can be considered a success for a non-academic report which was just
recently published (June 2012) and became available for public.
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Through definition and improved understanding of the risks associated with hydraulic fracturing
and fracturing fluids, the industry has enjoyed some benefits. The main benefit of the project is
providing a solid ground for industry, governments (provincial and federal), and the public to
communicate, of which ultimately will help develop more appropriate strategies, and pass
policies for future development of the hydraulic fracturing industry.
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Fracturing Fluid Flow Back Reuse Feasibility Study and Decision tool
Researcher: John Boysen, BC Technologies (2011)
Project Champion: Keith Minnich, Alberta Water Smart
Summary:
Water has become a major economic factor in current fracturing technologies. The industry has
learned that water need not be fresh, but may be reused if the chemistry is correct or can be
adapted. This project identified a methodology, in the form of a Decision Tree, Guidance
Manual, supporting Appendices, and Case Studies, so that producers can work with service
companies to determine the limiting factors, and mitigation or control scenarios for using water
with high salinity for making up fracturing fluid. The methodology and technologies that have
been suggested incorporate the science and practice of hydraulic fracturing with fracturing fluid
management and treatment technologies.
Knowledge gap:
It will focus on recycling and reuse of frac flow-back water, and will assess the benefits and
limitations of each technology from an environmental, technical and cost perspective.
Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry. the development of accepted
scientific studies to reduce these conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.
Outcome and uptakes:
The main outcome of the project is a decision tree which is available on CAPP and PTAC
website. Some companies such as Schlumberger are currently using the decision tree. The
project could have some impacts on policy but it has not happened yet.
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Assessment of the Practicality of Reusing Treated Produced Water from Shallow Gas
Wells of the Western Canadian Sedimentary Basin (2010)
Researcher: James Douglas, ConocoPhillips
Project Champion: Scott Hillier, ConocoPhillips
Summary:
In many areas of the province, the oil and gas industry is under pressure to reduce its use of fresh
water (non-saline). This pressure exists in spite of the fact that the industry uses less than 10%
of the available water supply (both surface and groundwater) through its activities. Alberta’s oil
and gas industry generates millions of cubic meters of produced water on an annual basis. The
majority of this produced water is required by regulation to be re-injected back into the
formations from which it came; either to enhance oil production, or to maintain reservoir
pressure. Alternatively, this produced water is sent to Alberta Energy Regulator (AER) approved
disposal wells. The project aims to provide insight to the potential to re-use produced water for a
beneficial use within the water scarce area of southern Alberta. The research has evaluated the
treatment of produced water by electro-dialysis reversal and the various limiting factors that are
encountered in regards to the current regulatory requirements, stakeholder and company
acceptance, cost, and the potential for liability associated with this practice.
Outcome and uptakes:
The first phase of project has been funded by ConocoPhillips. The outcome of the project was
provided to PTAC and Environmental Services Association of Alberta (ESAA) through a
presentation. The researcher applied to get sponsorship from PTAC for the next phases, but the
application was not successful. However, since the researcher is a ConocoPhillips employee, the
research has been sponsored and completed by ConocoPhillips, and the project was provided to
academia in form of Masters theses. The results of the research were significant; however, an
additional pilot project is needed to verify the outcomes.
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Risks to Groundwater from Oil and Gas Drilling and Completion (2010-Ongoing)
Researcher: Catherine Main, Alberta Innovates - Technology Futures
Project Champion: Marc Dubord, Cenovus
Summary:
Several recent, high profile cases have been making news in Alberta, with land owners stating
that oil and gas operations have impacted the quality of their water wells. Consultant
investigations into these complaints have generally indicated that CBM operations did not impact
the water wells; however the results were not entirely conclusive. The perceived impacts from oil
& gas drilling and completions activity may be far greater than documented cases where impacts
have been shown to have or likely to have occurred.
ARC will compile a list of documented cases of impact to shallow groundwater from drilling and
completions activities in the Alberta Basin. The two major sources for this information will be
AENV and the AER. ARC has worked extensively with the groups responsible for water well
complaints at both of these organizations, and has a very good working relationship with both.
An additional source of information is directly from energy companies. ARC will contact and
interview the personnel responsible for handling water well complaints from several energy
companies, and will also attempt to document suspected or likely cases of groundwater impact
from drilling and completions activities in the Alberta Basin.
Knowledge gap:
Study of comparison of the benefits (social and economic) to Alberta on the basis of water
use/boe, water use / surface area footprint

Policy issues:
Assessment of risks to shallow groundwater from the drilling and completion of oil and gas wells

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Water Well Testing Prior to Drilling (2010-Ongoing)
Researcher: Catherine Main, Alberta Innovates - Technology Futures
Project Champion: Marc Dubord, Cenovus
Summary:
In April 2006, Alberta Environment instituted standards for baseline water well testing for coal
bed methane/natural gas in coal operations. This was followed by gas sampling requirements for
baseline water well testing for coal bed methane/natural gas in coal operations in June 2006.
This standard (and its ERCB D35 counterpart) directs companies to yield test and sample water
and gas from domestic water wells within 600 m of new CBM wells.
Jurisdictions in the USA do not have any legislated requirement for companies to perform predrilling water well testing (with the exception of Colorado). Many companies elect to do testing
of water wells prior to CBM drilling. The research by the Alberta Research Council (ARC) will
examine the pre-drilling water well testing (both legislated and voluntary) in other jurisdictions,
predominantly within the basins in the USA. The research will also examine the appropriateness
of using domestic water wells as sampling points given the unknown and variability associated
with these wells. The variability of domestic water well data for the San Juan, Piceance, and
Raton Basins in the USA will be examined. Some temporal data from the Alberta D35 water
well testing also exists and may be available for analysis. Variability of data from domestic water
wells will also be compared to the variability measured in dedicated monitoring wells from
Alberta and the western USA basins.

Knowledge gap:
Review of pre-drilling water well testing in different jurisdictions, appropriateness of using
domestic wells as sampling points.

Policy issues:
Water well testing prior to drilling

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Emergency Surface Water Pond Treatment Technology (2009)
Researcher: Bill Berzins, Fossil Water
Project Champion: Marc Dubord, Cenovus
Summary:
There are over 1,000 gas facilities throughout Alberta, comprised of both of sweet and sour
processing plants; some which are regulated only by the AER, and others which are jointly
regulated by AER and Alberta Environment (AENV). Gas plant facilities are located in the
Northern, Central and Southern regions of Alberta, having surface water runoff retention ponds
ranging in size from 100 m3 to 35,000 m3 depending on regional rainfall statistics and the runoff
capture area. Under ERCB Directive 55iv or a specific facility approval issued under the
Environmental Protection and Enhancement Act (EPEA), facilities must construct a series of
ditches that capture and direct runoff into a surface water retention pond. in this report, ‘surface
water runoff’ is defined as the precipitation that accumulates on site and is directed into a
retention pond . These ponds are then tested to ensure that the surface water is not contaminated
prior to release into the environment.

Knowledge gap:
Alberta Environment occasionally receives calls from companies requesting permission for an
emergency release due to runoff ponds being full with potential to overflow the dykes. Most
often, these situations are either a result of heavy rainfall that is beyond the capacity of the runoff
system, or inadequate pond management where the pond has not been managed to the handle
runoff event. in these situations, unless the company has applied for an amendment to their
approval, the companies are advised that they cannot be granted permission.

Policy issues:
The degree of conservatism current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry. the development of accepted
scientific studies to reduce these conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.
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Outcome and uptakes:
The purpose of this study was to identify the following:
-

Number of oil and gas industry surface water runoff releases and emergency discharges
yearly;
Quality and quantity of wastewater released;
Confirm there is sufficient demand to warrant companies having access to mobile treatment
equipment to handle emergency situations;
Recommend solutions to technological and/or service industry shortfalls and;

-

Ultimately, the goal was to reduce the potential for contaminant releases and increase the
quantity of water that is treated and safely returned to the surface water cycle.

The project could have had a greater impact on the community and PTAC`s shareholders.
However, because of lack of good communication between CAPP members, the massage of the
project did not get outside properly.
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Beneficial Use of Pre-Treated Produced Water and Related Salt Impacted Waters Using
Advanced Ceramic Membranes (2009)
Researcher: Vita Martez, SAIT
Project Champion: Tom Pye, Husky
Summary:
The overall objective of this research project is to conduct a comparative performance
assessment on a new class of advanced ceramic materials, and test the most optimum ceramic
membrane system for produced water and related salt impacted waters. This research project
used a combination of bench and pilot scale experiments in order to determine the efficacy of the
novel and advanced ceramic membrane technology with a view to provide pragmatic and timely
pre-treatment solutions to industry for the beneficial produced water and salt impacted water
recycle and reuse. The scope of the research project involved the application of these advanced
ceramic membranes (three types with different structure and pore sizes) in order to conduct a
comparative technology performance evaluation of their use in water pre-treatment.
Knowledge gap:
An examination of the considerations necessary (effort/expense) involved in converting to saline
water source for use in EOR injection particularly given the age of some of the fields.
Policy issues:
Water Use by industry (Saline and Non-saline).
Outcome and uptakes:
The lab work has been completed; however a field project must be undertaken to follow-up. The
central argument of this project states that all three tested types of ceramics can be used in the
fracing process, but there is a need for a pilot project to confirm the findings of lab phase.

100

Assessing Wastewater Treatment Technologies, Storage and Water Reuse (2009)
Researcher: David van Everdingen, Alberta Research Council
Project Champion: Tom Pye, Husky
Summary:
The project has focused on subsurface technologies such as the storage of wastewater/shallow
produced water in aquifers for use at a later time, with options for treatment. the research has
involved several related components, including the characterization of suitable sources of
wastewater with different pretreatment options, hydrogeologic determination of appropriate
subsurface storage, and design of supply and recovery systems. As part of this research we
investigated, emerging wastewater technologies, including membrane bioreactors, as well as
other technologies to address other quality concerns for the wastewater/shallow produced water.
Finally, we proposed to investigate the alternatives to centralized treatment plants such as
smaller, more portable treatment options, to determine their feasibility.
Knowledge gap:
In Southern Alberta there is a shortage of water. With the moratorium in the South Saskatchewan
River Basin, this means that surface water and groundwater under the influence is only available
through the use of existing licenses. With a growing population and increase in industry
development, there are increasing pressures on both surface water and groundwater. Thus there
is growing interest in the use of new sources of water. We propose to study new methods to treat,
store, and use wastewater from municipalities and produced water from shallower oil/gas
production.
Policy issues:
Applying to get license to reuse the water after treatments has been an issue for the industry. This
research tries to identify these issues.

Outcome and uptakes:
The report provides a comprehensive picture of the water resources and water issues in Southern
Alberta. It identified the legislation and guidelines which need to be changed to allow water
reuse to occur.

101

CHAPTER THREE: Air Projects
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Introduction to Air Projects:
Between 2008 and 2013 a total of 26 projects were funded by AUPRF Air Issues Planning
Committee (ARPC). Out of 26 projects the practical, regulatory and scientific implications of 14
projects were followed up on. Four projects remain in the early stages of development and no
outcome is yet available and the project champions for eight projects were not reachable. All
projects including available information on policy issues and knowledge gaps that led to the
introduction of the projects, outcomes, and possible outcomes.
AUPRF ARPC projects have made important contributions to the oil and gas industry and its
knowledge base. Flaring, as a critical issue for both the public and energy regulators, has
received strong attention from AUPRF. Related projects have made a direct impact on the
Alberta Energy Regulator’s Directive 60 regarding flaring. Continued research on flaring not
only generates knowledge, but also has led to technologies such as the software created under the
“Improved Flare Source Parameters for CALPUFF and AERMOD Dispersion Models” project,
which will be accessible by industry after regulatory endorsement. Various benzene related
projects have also found their way to Directive 39, and ongoing work aims to bring new
simulation methods to benzene management and control. Similar work is underway for other
VOCs and their emission factors.
The projects launched through the air group, have been successful through their significant
contributions in expanding knowledge and refining existing methodologies and best practices.
Some noteworthy contributions worth highlighting are:


Proof of concept for a flare simulation tool.



Technology for measuring emissions when a 3D model of facility is available.



Software for SO2 dispersion modeling customized for ALBERTA



Knowledge expansion on BTEX elimination



Knowledge expansion on evaporation losses



Knowledge expansion on emission factors. Re-approval of current practices



New test method for measurement of Carbon emissions



Simulation Model to replace total Capture for Benzene emissions



Input into preparation of directive 60
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Input into preparation of directive 39



Technology for measurement using remote sensing, knowledge expansion on flaring
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Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in the Flare
Stream (2013)
Researcher: Matthew Johnson, Carleton University
Project Champion: Anamika Mukherjee, Cenovus
Summary:
Fracturing fluids typically include small amounts of chlorine containing acids and salts that can
be carried over into the produced gas stream during well completion, purging, or testing. When
these non-hydrocarbon liquids are carried over as aerosols into flare systems, there is a potential
to affect flare efficiency and emissions. Results ultimately enable improved environmental
performance through science-backed best operating practices, cost reductions through access to
better data for planning and approvals of new development, and more effective regulation
through reduction of limiting knowledge gaps.
Knowledge gap:
A project that assesses currently available emission factors for particulate matter speciation and
supplements this data with test data, if appropriate, is required.
Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies.
Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Emissions from Flares With Non-Hydrocarbon Liquids in the Flare Stream (2012)
Researcher: Jason Olfert, University of Alberta
Project Champion: Wayne Hillier, Husky Energy

Summary:
Fracturing fluids have been successfully used for many years in the oil and gas industry to
increase well-site productivity. However, in recent years the general public and government
regulators have voiced concerns about the possible effects these fluids might have on ground
water and air quality. This project provides scientific data on what effects flaring these
substances have on flare efficiency, or gas and particle-phase emissions.
Knowledge gap:
The potential emissions associated with flaring non-hydrocarbon liquids are not well understood.
This project will review and evaluate the potential for flaring natural gas where there is nonhydrocarbon liquid in the flare stream, and determine the emissions characteristics.
Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this
project.
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Gap Analysis for the Stationary Combustion Filterable and Condensable Particulate
Matter Emissions Factors (2013)
Researcher: Todd Tamura, Tetra Tech
Project Champion: Brian Ross, Nexen Inc.
Summary:
Industry is anticipating the need to report emissions of condensable particulate matter (CPM) in
emissions inventories and reports to NPRI in the near future. This study provides science that is
useful to industry for purposes of providing technical comments to the Canadian government to
ensure that new requirements associated with CPM are implemented in an appropriate manner.

Knowledge gap:
The filterable fraction of particulate matter is currently included in emission inventories and
environmental assessments. It is anticipated that the condensable fraction, in addition to the
filterable fraction, may be required in the future. A project that investigates currently available
filterable and condensable emission factors, evaluates their accuracy, and develops and
implements a test plan to improve the factors is required. As a starting point, the following is a
list of references tables containing particulate emission factors:


Natural gas-fired turbines: AP-42 Table 3.1-2a



Natural gas-fired reciprocating engines: AP-42 Tables 3.2-1, 3.2-2 and 3.2-3



Large Stationary Diesel and All Stationary Dual-fuel Engines: AP-42 Table 3.4-2



External natural gas consumption: AP-42 Table 1.4-2



External LPG consumption: AP-42 Table 1.5-1

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies.

Outcome and uptakes:
Current factors were developed in the 1980s, and measurement techniques are much better today.
Currently, reports are based on estimates and industry is reporting more emissions than what is in
reality, emitted. This project identified measurement methods that reflect true emissions
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measurements. Though the cost of updating the factors is negligible, the cost of implementing
the measurement techniques is significant.
The results have been reported to CAPP, and the next steps are to inform Environment Canada of
the new factors, and start measuring rather than estimating.
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Development of N2O Emission Factors for UOG Fired Equipment (2013)
Researcher: David Picard, Clearstone Engineering Ltd.
Project Champion: Filiz Onder, Encana
Summary:
Project outcome is defensible N2O emission factors for use in evaluating the emissions from
combustion equipment. Sufficient sampling is done to develop uncertainty limits for the N2O
emission factor for each combustion source. The work done on the flares is used to determine the
combustion efficiency of the surveyed flares. A secondary benefit of the program is
demonstration of a practical and safe means of measuring emissions and the destruction
efficiency of flares.

Knowledge gap:
Some N2O (nitrous oxide) emission estimation methods for reciprocating engines calculate N2O
emissions as a fraction of total NOx emissions. However, the effect of engine loading on NOx
concentration is not well understood nor is the relationship between N2O and NOx. Methods for
estimating NOx emissions as a function of engine loading, as well as alternative methods for
calculating the associated N2O emissions are required.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Investigation of the Characteristics of Ultrafine Particles for Improved PM Emission
Factor Reporting for Flares. (2013)
Researcher: Jason Olfert, University of Alberta
Project Champion: Glenda Kowlessar, Encana
Summary:
The purpose of this project is to significantly improve emissions factor data for soot emissions
from flares in Alberta that will address the serious limitations of current data.
Knowledge gap:
Ambient Air Quality Objectives are routinely reviewed and revised. Future compounds of
potential interest include:
•

Mercury

•

Ultrafine particulate matter

•

Para-cresol

•

Radionuclides

•

Polychlorinated biphenyls (PCB's)

Source identification and quantification of these compounds at upstream oil and gas facilities is
required.

Policy issues:
Identification and estimation of sources of emission for substances of concern.

Outcome and uptakes:
The project is in progress at the time of interview. For further information, please view PTAC`s
website.
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Development of a Model to Predict Benzene Emissions from Glycol Dehydrators with
Condensation Tanks (2013)
Researcher: James Holoboff, Process Ecology
Project Champion: Greg Unrau, Talisman Energy
Summary:
The development of a model which accurately calculates the condenser performance, taking into
account all important parameters including condenser type, yearly ambient conditions and
process conditions, combined with operator education and ongoing collaboration with the AER.
This project addresses the requirement for a method which calculates benzene reductions in
condensers which will be accepted by the AER.

Knowledge gap:
Not available

Policy issues:
Understanding the relationship between source emissions and ambient air concentrations. All
levels of Governments and health agencies (local to international) are increasingly using ambient
air quality benchmarks (objectives, standards, guidelines, etc.) as a means to achieve and
maintain air quality in respective jurisdictions. To determine the impact of such policy measures
on the UOG, it is important for industry to understand how air pollutant emissions contribute to
and affect, the ambient conditions surrounding UOG facilities.

Outcome and uptakes:
In AER Directive 39 which requires various management actions of Benzene, the only
acceptable method is total Capture Test. This study is set to provide another option, a simulation,
and will likely be cheaper. There is hope that AER accepts the simulation of condensation tanks,
as the results are encouraging so far. AER is currently aware of the project.
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Understanding and Improving Management of Volatile organic compounds (VOCs) from
the Upstream Oil and Gas industry (2013)
Researcher: Omar Hurtado, SNC Lavalin
Project Champion: Brian Ross, Nexen Inc.
Summary:
Review of the 2004 CAPP inventory, current practices used in the upstream oil and gas industry,
and regulatory changes that have occurred since 2000 to identify any volatile organic compounds
(VOC) sources not considered in previous emission inventories. This project reviews emission
estimation methods for current and new sources of VOCs.

Knowledge gap:
Best management practices or industry recommended practices that effectively reduce emissions
of VOCs from sources that are difficult to measure such as equipment leaks or well clean-ups.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies.

Outcome and uptakes:
Environment Canada is considering updating VOC emission regulations in air quality
management systems, thus, the outcome of this project will enable industry to better negotiate
with Environment Canada.
The project is in progress at the time of interview. For further information, please view PTAC`s
website.

112

Field Measurement of Black Carbon Emissions from Flares (2012)
Researcher: Matthew Johnson, Carleton University
Project Champion: Allison Fisher, Shell Canada
Summary:
This project aims to extend development of world-leading “sky-LOSA” technology for direct,
in situ quantification of black carbon emission rates in plumes of flares. It also undertakes to
research ways to improve uncertainties and correct for potential interferences from direct and
sky-scattered solar radiation, develop 2nd generation hardware for field testing, and perform
field measurements of operating flares using 2nd generation sky-LOSA technology.
Project Support: CAPP/AUPRF, Natural Resources Canada, Environment Canada, World Bank
Knowledge gap:
Improving air emissions inventories through improved emissions factors and reporting
methodologies.
Policy issues:
The potential emissions associated with flaring non-hydrocarbon liquids are not well understood.
This project will review and evaluate the potential for flaring natural gas where there is nonhydrocarbon liquid in the flare stream, and determine the emissions characteristics.
Outcome and uptakes:
There was a lack of information about appropriate emission factors before this project began.
The result was disseminated to CAPP and also to a peer reviewed journal. Next steps require
actual measurements in Alberta, as the data from the study was taken in Mexico. An “other test
method certification" has been initiated with US Environmental Protection Agency USEPA
however, certification is not yet complete.
Key outcomes include development of a test method, knowledge expansion on carbon emissions,
and significant “breakthrough” progress in developing a generalized sky-LOSA algorithm to
more accurately quantify soot emission rates and allow for direct calculation of effects of direct
and sky-scattered solar radiation:
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Measurements using 2nd generation sky-LOSA system successfully completed on a flare
at a turbo compressor station in Mexico



Analysis of results largely complete; emission rates are substantially lower than those of
only other flare tested to date, a 1-m diameter flare at a petrochemical plant in Uzbekistan



Using new generalized algorithms, uncertainties of better than 20% have been achieved
and sensitivities have been improved by a factor of ~200



Journal article has been prepared and submitted for peer-review in the journal of Aerosol
Science & Technology.
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Evaluation of Emissions in the Upstream Oil and Natural Gas industry (2012)
Researcher: David Picard, Clearstone Engineering Ltd.
Project Champion: Natasha Rowden, CNRL

Summary:
Alberta Environment was re-evaluating the ambient air quality objectives (AAQOs) for the
province. This initiative includes reviewing the values of currently targeted substance and
potentially adding additional substances to the list. A stakeholder advisory committee (SAC) was
established to participate in this review and evaluation process. The first two substances to
review were acrolein and arsenic.
The purpose of this study is to provide upstream oil and natural gas (UOG) industry with facility
related data that can facilitate defensible science-based decisions in this matter, and allow
potential risks to the UOG industry to be assessed.
Knowledge gap:
Identification and estimation of sources of emission for substances of concern.
Policy issues:
Identify sources and quantify contributions for the following compounds from UOG facilities:
ultra-fine PM, arsenic, and cadmium.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this
project.
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Evaluation of Mercury and Other Emissions in the Upstream Oil and Natural Gas industry
(2011)
Researcher: David Picard, Clearstone Engineering
Project Champion: Natasha Rowden
Summary:
The target substances are of environmental and human health concern. Relatively little is known
about the amounts of these substances emitted by the upstream oil and natural gas industry. This
is, in part, due to a lack of emissions factors and speciation data applicable to the Canadian oil
and natural gas industry. Moreover, some of the emissions factors for some of these substances
(i.e., for mercury) can be very reservoir dependent, and in other cases, very stream and/or source
dependent (i.e., acrolein, carbonyl sulphide and ammonia). The overall aim of the study is to
develop more suitable factors to conduct a screening level assessment of the amount and key
sources of these emissions. This will benefit the industry by helping to assess whether emissions
of these substances are noteworthy and where practical control opportunities may exist. The
project focuses on air quality issues, and will provide improved knowledge of atmospheric
emissions for selected pollutants of concern and will identify the primary contributors of these
emissions. Moreover, it will result in emission factors and speciation data for future use in
evaluating the emissions and potential control measures.

Knowledge gap:
The gap in identifying sources and quantifying contributions for the following compounds from
UOG facilities. Mercury, ultra-fine particulate matter (PM), acrolein, carbonyl sulphide,
ammonia, arsenic and cadminum.

Policy issues:
Air quality objectives are continuously being reviewed and updated. to determine the impact of
such policy changes, it is important for industry to understand the contribution UOG facilities
have to the substances being reviewed. for example, as part of AENV ambient air quality
objectives process, a list of priority substances has been put forward for review.
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Outcome and uptakes:
This project was basically a reassessment of emission factors and the outcome confirmed that no
change or modification is require
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Practical Defensible PM 2.5 Emission Factors for Flares (2011)
Researcher: Matthew Johnson, Carleton University
Project Champion: Lisa Solomchuk, Shell
Summary:
In recent work supported by the Alberta Upstream Petroleum Research Fund (AUPRF) and
Natural Resources Canada (NRCan), serious flaws have been exposed in the United States
Environmental Protection Agency (USEPA) emission factor database, which is the basis for
current Canadian Association of Petroleum Producers (CAPP) particulate matter emissions for
flares. Factors in the USEPA database are either based on landfill gas flares or are incorrectly
calculated using plume concentration data from three point measurements above a test flare
burning crude propylene reported by McDaniel (1983). This latter error in particular would
amount to a significant, unrealistic overestimation of emission rates. This error has been formally
reported to USEPA and it has subsequently been corrected in USEPA’s draft review document
“Emissions Estimation Protocol for the Petroleum Refineries (v.2.0).” Nevertheless, the quality
of available original source data and their relevance to upstream oil and gas industry flaring
remains a serious issue.
Since current CAPP emission factors are conservatively derived from this poor quality data,
there is an urgent need to obtain more accurate measurements of emission factors from
laboratory-scale and full-scale flares, specifically relevant to the oil and gas industry. This is
confirmed by results from our recent lab-scale experiments, in which we have directly measured
soot above reduced-scale flare flames, and have now shown that the current CAPP emission
factors are likely too high by a factor of two. However, because of the differences in flow regime
between full-scale and lab-scale flares, it is not yet possible to develop a fully defensible
emission factor model for flares typical of the Alberta upstream oil and gas industry. the
inaccuracies in current PM emissions data for flares preclude intelligent decision making and
environmental management.
This project addresses this gap by furthering ongoing efforts to quantify soot emissions from
full-scale flares and to use results of controlled experiments in a lab-setting to help interpret fullscale measurement data and develop improved emission factor models. This project is designed
to produce a number of positive impacts including improved environmental performance by
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enabling management decisions based on realistic emission data, cost reduction through
simplified reporting requirements, and strengthened operations management with access to
defensible emissions data not previously available. Finally, as PM is a criteria for air
contaminant in Canada, reliable emission factor data are critical inputs for air quality modelling,
which impacts permitting of facilities. In the present case, where current emission factors are
believed to be too high, there is good news for all stakeholders in deriving more accurate and
defensible data based on actual measurements
Knowledge gap:
Improving air emissions inventories through improved emissions factors and reporting
methodologies.
Policy issues:
Improved emissions factors for volatile organic compounds from all sources, including fugitive
emissions.
Outcome and uptakes, Key outcomes:
Project champion was unreachable for details on further outcomes and uptakes regarding this
project.
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Evaluation of Convective Mixing Losses in Aboveground Storage Tanks (2011)
Researcher: David Picard, Clearstone Engineering
Project Champion: Wayne Hillier, Husky Energy
Summary:
The objective of the study is to monitor thermal convective evaporation losses from aboveground
storage tanks and develop an improved algorithm for predicting this important contribution to
standing or breathing losses from free venting fixed roof storage tanks and internal floating roof
storage tanks. The need for improvements to the methods used to estimate evaporation losses
from storage tanks has been identified by both industry and regulators, and is seen as particularly
important in Alberta given the predicted rapid expansion.
Knowledge gap:
Develop profile of cost-effective VOC reduction opportunities for key sources in UOG.
Policy issues:
For industry to evaluate the impact of potential policy measures to control air pollutants and
greenhouse gases, and to meet established government regulations and targets, it is important to
have a comprehensive understanding of all equipment performance standards and emissions
control technologies available. To assess the suitability of the equipment, industry requires
knowledge of the overall reduction potential and cost-effectiveness. To that end, industry should
also understand the trade-offs and full life-cycle of each technology (i.e., increased collateral
emissions specifically GHG, carbon monoxide and unburned hydrocarbons, fuel usage, etc.) so
that a net environmental benefit is achieved through broad technological deployment.
Outcome and uptakes:
The main outcome of this project is better measurement of evaporation losses. The information
attained from this project is contrary to conventional knowledge. USEPA should be made aware
of this and further work should be done. Follow-up by PTAC is recommended
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Development of Improved Emission Factors and Speciation Data for Heated Heavy Oil
Storage Tanks (2011)
Researcher: David Picard, Clearstone Engineering Ltd.
Project Champion: Lisa Solomchuk, Shell
Summary:
There is relatively little information available on atmospheric emissions from heated heavy oil
tanks. This purpose of this study was to help industry to gain a better understanding of the
amount and type of atmospheric emissions from heated heavy oil storage tanks and the peak
instantaneous emission rates from these tanks. This information will assist in conducting air
quality assessments, especially when evaluating the potential for odours and acute exposures.
Knowledge gap:
Improved emissions factors for volatile organic compounds from all sources, including fugitive
emissions.
Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies. Air emissions inventories are becoming an increasingly important method of
monitoring and reporting on industry emissions, for the public, government, and individual
companies. Furthermore, governments are beginning to use these emissions inventories to
negotiate international treaties, establish air emissions policy measures and targets, and develop
forecasts. As such, it is important that the UOG operators report facility emissions using
standardized methodologies and emissions factors with low uncertainty, and have access to a
wide variety of effective emissions monitoring technologies.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this
project.
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Photolytic Degradation of BTEX from the Oil and Gas Sector (2010 and 2011)
Phase 2 of Project “UV and Condensation Technology for Applications in the UOG for Removal of
Air Contaminants”

Researcher: Alex de Vissher, University of Calgary
Project Champion: Rosanna Ng, Talisman Energy
Summary:
The oil and gas industry is one of the major emitters of benzene and related compounds into the
atmosphere. The main source is glycol dehydration units. Due to the large number of small
sources, an effective treatment technique should be relatively cheap and simple. Ultraviolet
destruction (photolysis) was a potentially viable option. Research has been carried out on the
ultraviolet destruction of benzene, which generated detailed efficiency information of photolytic
reactors in practically relevant conditions, and a model that can be used for design and
optimization of such reactors. The effectiveness of H2S destruction by this technique was also
tested. Condensation of BTEX (benzene, toluene, ethylbenzene, and xylenes) was potentially an
important pre-treatment technique that could increase the viability of ultraviolet photoreactors;
Hence, the effectiveness of condensation was investigated as well. The successful application of
this research could lead to further reductions of benzene emissions from the oil and gas sector.

Knowledge gap:
Develop profile of cost-effective VOC reduction opportunities for key sources in UOG.

Policy issues:
Identifying effective air emissions reduction opportunities currently is available to industry. For
industry to evaluate the impact of potential policy measures to control air pollutants and
greenhouse gases, and to meet established government regulations and targets, it is important to
have a comprehensive understanding of all equipment performance standards and emissions
control technologies available to industry. To assess the suitability of the equipment, industry
requires knowledge of the overall reduction potential and cost-effectiveness. To that end,
industry should also be made aware of the trade-offs and full life-cycle of each technology so
that a net environmental benefit is achieved through broad technological deployment.
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Outcome and uptakes:
The project resulted in some new information; however at this stage it was not substantial
enough for practical implementation.
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UV Application for Selective Destruction of Emissions Constituents in the Oil and Gas industry
(2008)

Researcher: Cooper Langford, University of Calgary (Alex De Visscher)
Project Champion: Sean Reilly, Talisman Energy
Summary:


In 2006 UOG in Canada emitted >500,000 tonnes of VOCs per year (CAC Emissions
inventory).



2002 Benzene emission from glycol dehydration units in Canada is estimated at 1,988
tonnes (CAPP).



Emission is from a large number of sources typically emitting a few tonnes per year.



Condensation systems can reduce emissions, but leave a residual emission.



Further emission reduction technology would have to be fairly cheap and simple given
the large number of sources.

Hence the aim of the project was to evaluate the use of UV technology in oil and gas applications
to selectively eliminate air emissions constituents. UV technology is used widely in sewage
treatment facilities, agricultural odour control in livestock barns, and in hospitals for eliminating
pathogens in the air.
It was also determined how UV technology will perform on tank vent gas, odour applications,
glycol dehydration, and as a potential replacement for incinerators.

Knowledge gap:
If proven a reliable emissions control tool, at a minimum, UV technology would offer a new
option for operators to eliminate various emission streams that can be problematic under existing
controls. For example, benzene emissions from glycol dehydrators and sour tanks vapour. The
broader potential for UV technology (i.e. destruction of H2S and/or CO2) is unknown at this
point but bears investigation.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies. Air emissions inventories are becoming an increasingly important method of
monitoring and reporting on industry emissions, for the public, governments, and individual
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companies. Further, governments are beginning to use these emissions inventories to negotiate
international treaties, establish air emissions policy measures and targets, and develop forecasts.
As such, it is important that the UOG operators report facility emissions using standardized
methodologies and emissions factors with low uncertainty, and have access to a wide variety of
effective emissions monitoring technologies.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this
project.
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Evaluation of GHG Emissions from Crude Oil and Condensate Storage Tanks (2010)
Researcher: David Picard, Clearstone Engineering
Project Champion: Rosanna Ng, Talisman Energy
Summary:
Liquid hydrocarbon storage tanks are a significant global source of methane and non-methane
VOC emissions. Development of new science based, verifiable, practical and
implementable strategies for monitoring and controlling tank emissions in real time would
directly and indirectly benefit a broad range of domestic and international stakeholders including
Canadian federal, provincial or regional air quality administrators and operators of storage tank
farms throughout the upstream oil and gas industry, as well as international organizations such as
the US EPA and the international Energy Agency. Domestically, it is predicted that liquids
storage infrastructure capacity will grow significantly in the near future. Between 2006 and
2030, marketable production of Alberta’s Oil Sands is expected to increase 444% from 1.126
million to as much as 4 million barrels per day. This growth will contribute to increased
shipments of product to market as well as increased shipments of diluents to heavy oil and crude
bitumen production sites. The corresponding growth in required delivery and storage
infrastructure will result in significantly increased domestic fugitive emissions of methane and
non-methane VOC from liquid storage tanks, which are currently very difficult to monitor and
control. the outputs of this project better equips international, federal and provincial regulators,
as well as industry operators, with more representative data concerning quantification of fugitive
inorganic compounds, VOC, odour, and greenhouse gas emissions from liquid storage tanks to
help better manage the predicted rapid expansion to oil production in the coming decades.
Knowledge gap:
Update outdated emissions factors for all pollutants, especially those used for older equipment
and facilities.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies. Air emissions inventories are becoming an increasingly important method of
monitoring and reporting on industry emissions, for the public, governments, and individual
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companies. Further, governments are beginning to use these emissions inventories to negotiate
international treaties, establish air emissions policy measures and targets, and develop forecasts.
As such, it is important that the UOG operators report facility emissions using standardized
methodologies and emissions factors with low uncertainty, and have access to a wide variety of
effective emissions monitoring technologies.
Outcomes and uptake:
Project champion was unreachable for details on further outcomes and uptakes regarding this
project.
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Improved Emissions Factors for Particulate Matter (PM) from Flares (2010)
Researcher: Matthew Johnson, Carleton University
Project Champion: Lisa Solomchuk, Shell
Summary:
Quantify soot emissions from solution gas flares and lay groundwork for realistic, practical
models to simplify NPRI reporting requirements, and better understand this emerging issue.
Project Support: CAPP/AUPRF (2009/10), CAPP/ERAC (2006/7 with some funds carried
forward), Environment Canada (2006/7), NRC-ICPET (2005-present), Natural Resources
Canada (FY2007-present)

Knowledge gap:
Best management practices, or industry recommended practices that effectively reduce emissions
of volatile organic compounds (VOCs) from sources that are difficult to measure (i.e., equipment
leaks, well clean-ups, etc.).

Policy issues:
Developing emissions reductions opportunities through best management practices, industry
recommended practices or standard operating practices. Certain air pollutants, such as volatile
organic compounds (VOCs), are difficult to measure and control, and are therefore not readily
regulated or capped by governments. An alternative policy measure to hard caps is the
development and deployment of codes of practices for managing and reducing of such pollutants.
Industry requires information on the potential for codes of practices to effectively manage and
reduce emissions.

Outcome and uptakes:
Major Results:


Preliminary emission factor model presented at AWMA conference in Calgary, June 2225, 2010



Journal article outlining new sky-LOSA technique for directly measuring soot from
flares in the field peer-reviewed
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Exposed major flaw in one of EPA’s emission factors for flares that could overestimate
PM by a factor of ~5000; these results have been reported at the PTAC Air Issues forum,
informally to EPA, and to Environment Canada (See Table 1)



First quantitative measurements of soot yield from lab-scale flares as mass of soot
emitted per mass of fuel burned – major project milestone



Field testing of a novel optical diagnostic for estimating soot flux in flare plumes as part
of a World Bank supported project in Uzbekistan in collaboration with Dave Picard of
Clearstone Engineering - to the researcher’s knowledge, this is the first time such a
measurement has been made in the field



The outcome of this project led to 2012 Carbon emission project by same researcher
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Improved Flare Source Parameters for CALPUFF and AERMOD Dispersion Models
(2010)
Researcher: Brian Zelt, ZeltPSI
Project Champion: Gerald Palanca, Petro-Canada
Summary:
Dispersion modeling of flaring has traditionally taken a simplified approach by keeping the
source term parameters constant. One can simply watch a flare under varying conditions to
know that the effective height changes with wind speed. Screening modeling by researchers has
shown the dispersion modeling predictions do change; some increase, some decrease, with the
maximum tending to be underestimated. Proposed risk-based criteria do not rely on the
maximum prediction, but on the distribution of predictions with, for example, the 99th percentile
compared to the objective. Thus, it is important for all of the predictions to be as accurate as
possible.
CALPUFF is a software program universally accepted by the provincial regulators (AENV and
AER) and industry for modeling the dispersion of SO2 from UOG facilities. Both industry and
regulators would like to see an Alberta-specific CALPUFF model to incorporate unique
algorithms around routine and non-routine flaring.
This project provides publicly available source code modules for both CALPUFF and AERMOD
to use source parameters based on the dispersion conditions. The source parameters are the
height, diameter, temperature and velocity of the pseudo-stack. The efficiency of the flare is also
accounted for.

Knowledge gap:
The potential emissions associated with flaring non hydrocarbon liquids are not well understood.
Review and evaluate the potential for flaring natural gas where there is non-hydrocarbon liquid
in the flare stream, and determining the emissions characteristics.

Policy issues:
Improving air emissions inventories through improved emissions factors and reporting
methodologies. Air emissions inventories are becoming an increasingly important method of
monitoring and reporting on industry emissions, for the public, governments, and individual
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companies. Further, governments are beginning to use these emissions inventories to negotiate
international treaties, establish air emissions policy measures and targets, and develop forecasts.
As such, it is important that the UOG operators report facility emissions using standardized
methodologies and emissions factors with low uncertainty, and have access to a wide variety of
effective emissions monitoring technologies.

Outcome and uptakes:
Codes are currently being reviewed by the AER and will be freely available to public and
industry after approval at year end 2013. Additionally, PTAC began another project for
developing a model based on the codes. Such sophisticated analysis has only been available to
very few firms until now, and the results are expected to be widely used.
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Mercury and Heavy Metals Project (2009)
Researcher: Dave Picard, Clearstone Engineering
Project Champion: Randy Dobko, Alberta Environment
Summary:
Natural gas, conventional crude oil, and bitumen contain heavy metals in trace amounts, and
their production, processing, and use, can contribute to emissions of heavy metals into the
environment. Due to its toxicity, mercury has been studied and characterized the most out of the
heavy metals. Based on a review of the open literature available, it was observed that mercury
concentration in most samples was below the detection limit of 0.08 μg/m3 for gas and 10 ppb
for liquids.

Policy issues:
Air quality objectives are continuously being reviewed and updated. to determine the impact of
such policy changes, it is important for industry to understand the contribution UOG facilites
have to the substances being reviewed. for example, as part of AENV ambient air quality
objectives process, a list of priority substances have been put forward for review.
Outcome and uptakes:
Project champion was unreachable for details on further outcomes and uptakes regarding this
project.
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UV and Condensation Technology for Applications in the UOG for Removal of Air
Contaminants (2009)
Continued Development of Numerical Simulation of a Sour Gas Flare (2008)
Researcher: Allan Chambers, Alberta Research Council
Project Champion: Wayne Hillier, Husky
Summary:
A previous ERAC funded project, ‘Numerical Simulation of a Sour Gas Flare’, modified an
existing Large Eddy Simulation model developed for open flames for the purposes of simulating
sour gas flares.
This project continues the development of the sour flare combustion model and improves the
numerical simulation tool for sour gas flares that has been developed. the project additionally
worked on further improvements in:
-

Expanded hydrocarbon reaction model to include hydrocarbons larger than ethane that
may be present in flared gas.

-

Incorporate improved sulfur reaction model, particularly reactions involving COS and
CS

-

2

Use the improved model to study an expanded parameter matrix that covers a wider range
of flare conditions representative of flare conditions used in Alberta.

Policy issues:
The availability of a simulation tool for sour gas flares will lead to a better understanding of how
sour gas flares operate, how sulphur compounds are distributed in the flare plume, and what
sulfur compounds are locally dispersed into the environment.
Knowledge gap:
To improve the numerical simulation tool for sour gas flares that has been developed ‘
Outcome and uptakes:
This was a proof of concept project for a flare simulation tool with potential commercialization
perspective. However, the implementation is not deemed a necessity by industry at this point in
time.
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CHAPTER FOUR: Ecological Projects
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Introduction to Ecological Projects
Between 2008 and 2013, 50 projects were funded by AUPRF through the Ecological Research
Planning Committee. Out of these 50 projects the practical, regulatory and scientific implications
were followed up on 37 projects. For the remaining 13 projects, the project champions were not
reachable. Thirty-three projects along with the policy issues and knowledge gaps that led to the
introduction of these projects, as well as the project outcomes, and possible outcomes follow.
Please note: Some of the projects are grouped in one page, as they are linked to each other.

ERPC projects played a critical role in not only helping improve the environmental sustainability
of industry’s activities, but also in informing the public and the government about environmental
and ecological issues that are not a result of activities by the oil and gas industry but may have
been attributed to the industry. These projects have also led to changes and improvement of
reclamation practices and policies, as well as the creation of decision making tools for the
assessment of ecological risks and threats. Some of the rather salient outcomes of these projects
include:


Challenging scientific validity of some strict regulations and knowledge expansion on
possible impact of industry activity on wildlife



Development of best practice for well site footprint removal currently adopted by a few
companies.



Knowledge expansion regarding reclamation, Policy implications



Corporate Social Responsibility, industry image enhancement



Development risk mapping toolbox for impact of industry activities on Grizzly bears
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A Tool to Assess Cumulative Effects of Development on Biodiversity (2013)
Cumulative Effects and Assessment: Predicting Direct and Indirect Effects of Energy
Developments (2012)
Researcher: Jim Schieck, Alberta Innovates- Technology Futures
Project Champion: Carol Engstrom, Husky Energy Inc.

Summary:
Cumulative effects assessment is an increasingly important aspect of sustainable resource management in
Alberta. These assessments are done to ensure that incremental environmental effects resulting from
multiple developments are understood, and where possible, avoided or mitigated (Hegmann et al. 1999).
However, current approaches to cumulative effects assessment lack the required standardized quantitative
framework to assess the cumulative effects of both individual projects and of all projects together
(Hegmann et al. 1999, MacDonald 2000). Rather, current assessments are based on predicting impacts on
key indicator resources or valued ecosystem components that may or may not be indicative of
biodiversity. Even more critical is that such assessments are not consistent across projects and are often
qualitative (e.g., based on expert opinion rather than empirical data), making it difficult to evaluate
cumulative effects at regional scales or compare the predicted contributions of different projects to
cumulative effects. This project is in line with PTAC’s previous projects on Biodiversity and aims

to provide a comprehensive tool for assessment of development effects on biodiversity.

Knowledge gap & Policy issues:
The effectiveness of mitigation activities. The oil and gas industry is committed to mitigating negative
environmental impacts wherever possible. Mitigation specifically refers to measures identified to avoid,
minimize or remedy impacts to, in this case, natural resources. These mitigation measures ideally lead to
practical action to offset the adverse environmental impacts of oil and gas activity, however it is
important that they be tested and proven to be effective in meeting their objective. Recent criticisms of

Canada's cumulative effects assessment approach (Duinker and Grieg 2006), have suggested that
piecemeal implementation by a variety of companies each using a different assessment method is
inadequate. These deficiencies result because cumulative effects are not assessed in a
standardized way throughout the region. However, stakeholders expect the best available
knowledge to be applied to environmental problems. As the most credible source of Alberta‐
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specific knowledge on biodiversity and its relationship to human land use, the Alberta
Biodiversity Monitoring Institute (ABMI) is well‐positioned to support an improved cumulative
effects assessment process.

Outcome and uptakes:
The project is halfway done and the resulting decision making tool needs to be endorsed by
regulator before being used by industry. The regulatory endorsement is planned as a separate
project.
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Evaluating the Ecological Risk of Oil and Gas Development on Ferruginous Hawks (2011, 2012 and
2013)

Researcher: Erin Bayne, University of Alberta
Project Champion: Nicole Haakenson, Nexen
Summary:
The Ferruginous Hawk (FEHA) project in the Department of Biological Sciences at the
University of Alberta is a comprehensive program designed to provide scientifically credible
based recommendations for the protection and recovery of this federally threatened and
provincially (Alberta) endangered species. The Canadian prairie population of FEHA has
experienced a population decline of 50% and a 50% range contraction. Thus, risk management
for FEHA is a priority for both industry and regulatory agencies. Alberta’s Recovery Plan and
Canada’s Species at Risk Act requires critical habitat be designated and legally protected from
destruction for FEHA within the next few years. Understanding the relative importance of
vegetation type, prey availability, competition, predation, or anthropogenic disturbance is
essential for defining critical habitat. to ensure the energy sector is prepared when critical habitat
is defined, research is needed to evaluate how energy sector activities have the potential to alter
critical habitat.
Knowledge gap:
Field monitoring and existing data review in zones of influence and resultant setback distances for a
variety of oil and gas activities and a variety of wildlife species, particularly species at risk and species of
management concern (eg. ungulates, bears)

Policy issues:
Wildlife responses to oil and gas activity. The responses of wildlife species to oil and gas activity vary,
and relatively little information exists on causal mechanisms for these responses (i.e., are wildlife
activities simply correlated with oil and gas activity or are they actually a result of oil and gas activity
versus some other factor).

Outcome and uptake:
The ultimate goal of this project is to change the guidelines to a case by case approach wherein
the requirements for each area will depend on the variety of species residing in the area.
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Evaluating the Revegetation Success of Foothills Fescue Grassland (2011, 2012 and 2013)
Researcher: Jay Woosaree, Alberta Innovates- Technology Futures
Project Champion: Mark Sherrington, Shell
Summary:
AITF (Alberta innovates - Technology Futures) has previously demonstrated that plains rough
fescue grassland can be restored to its former ecological function following oil & gas
disturbances (Woosaree and James, 2004; Woosaree, 2007). Specifically, the research made use
of seeding early colonizing species along with plains rough fescue. Results showed that native
seed mixes have the potential for both effective site stabilization and establishing a more
“ecologically compatible” plant community on well-site disturbances. The question was
proposed as to whether the same technique could be repeated in the foothills fescue community.
The primary objective of this project was to demonstrate the ability to re-establish foothills
fescue grassland, once it is disturbed.

Knowledge gap:
Reclamation effectiveness of native prairie.

Policy issues:
The effectiveness of industrial footprint reclamation or functional restoration. One of the primary
challenges facing the oil and gas industry is effectively returning a range of landscapes to predisturbance or design conditions.

Outcome and uptakes:
It is expected that if the techniques are proven effective, revegetation will be achieved with a
better quality and lower cost (current cost is approximated at 100000 per Hectare). Regulatory
guidelines will however, need to be updated if the findings are positive. Due to the fact that this
year was a higher on average in regards to precipitation, the champion believes that the practice
should be replicated in a dry year, so that a better understanding of general effectiveness of the
method is acquired.
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Grizzly Bears and Pipelines: Response to Unique Linear Features (2010, 2011, 2012 and
2013)
Researcher: Gordon Stenhouse, Foothills Research Institute, Grizzly Bear Program
Project Champion: Fauve Blanchard, Devon
Summary:
The use of pipeline right-of-ways for foraging and movement has potential consequences for
grizzly bears and other species. Bears using linear features are at a higher risk of human-caused
mortality. Grizzly bear use of rows for movement could also result in avoidance of linear
features by ungulates such as caribou, and has the potential to increase grizzly bear predation
rates on caribou. As oil and gas development continues to expand in grizzly bear habitat, it is
important to gain an understanding of the potential impacts of pipelines on grizzly bears. Results
from this research help resource managers understand and predict grizzly bear response to
pipelines, assisting with resource management and recovery efforts in grizzly bear habitat in
Alberta.
Knowledge gap:
Predator use of habitats and anthropogenic features in and around caribou ranges and effects of predation
on caribou throughout the year.

Policy issues:
The role of predation in woodland caribou population declines. Predation is recognized as the primary
source of mortality, and the proximate cause of population declines, in woodland caribou ‐ but it is
important to know which predators are preying on caribou and how? Wolves are thought to be the
primary predators of caribou throughout their range, but predation by bears and other predators is
unknown and may be significant.

Outcome and uptakes:
This project was initiated as part of a social responsibility of the oil and gas industry. Though the
project is not yet complete, the outcome will likely require the industry to take extra precautions
to avoid increasing the predation rate of grizzly bears.
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White-Tailed Deer Distribution and Density in Alberta's Boreal Forest (2012 and 2013)
Researcher: Jason Fisher, Alberta Innovates – Technology Futures
Project Champion: Scott Grindal, ConocoPhillips
Summary:
White-tailed deer are increasing in numbers and range in Alberta’s northeast boreal forest. This
increase has potentially severe ecological ramifications for threatened woodland caribou by
providing alternative prey for wolves. Although we now have information on patterns of whitetailed deer expansion, we have limited information on deer distribution and densities within the
expansion zone. Using a novel statistical approach that combines data from infrared remote
cameras and satellite telemetry, the researchers estimate deer density, habitat selection, and
occupancy dynamics to model deer density expansion across Alberta’s boreal forest.

Knowledge gap:
Wildlife, particularly ungulates and predators, use of seismic lines and other linear features
Policy issues:
The oil and gas industry is committed to mitigating negative environmental impacts wherever
possible. Mitigation specifically refers to measures identified to avoid, minimize or remedy
impacts to, in this case, natural resources. these mitigation measures ideally lead to practical
action to offset the adverse environmental impacts of oil and gas activity, however it is important
that they be tested and proven to be effective in meeting their objective.
Outcome and uptakes:
This project aims to fill the data gaps regarding the wildlife habitats of oil and gas zones for
better preservation of species and the environment. No policy or regulatory change is targeted.
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Long-Term Revegetation Success of industry Reclamation Techniques in the Northern
Fescue Natural Subregion (2010, 2011, 2012 and 2013)
Researcher: Jane Lancaster, Kestrel Research Inc.
Project Champion: Carol Engstrom, Husky Energy Inc.
Summary:
This study is part of a multi-year, multi-stakeholder initiative to revisit industry revegetation
strategies for native prairie in the Grassland Natural Region. Updating the guidelines is a twostep process based on collecting existing learnings, conducting field studies to gather new
insights and then using this information to develop practical revegetation strategies. The first
document from this initiative; “Recovery Strategies for industrial Development in Native Prairie:
the Dry Mixedgrass Natural Subregion of Alberta”, was published in June 2012.
Knowledge gained from a 2011 Mixedgrass monitoring project is being applied to the 2012
project currently underway to develop an updated revegetation strategies document for industry
for the Mixedgrass Natural Subregion (NSR). AUPRF has contributed to both the 2011 and 2012
mixedgrass projects.
The 2013 Northern Fescue project will focus on existing data collection and field monitoring
studies on recovering industry disturbances to address knowledge gaps. Reporting will
synthesize existing knowledge and the results of 2013 field monitoring surveys and link the
results to ecological range sites and plant communities described in the newly published Range
Plant Community Guide for the Northern Fescue Natural Subregion. Data collection in 2013 will
provide the information to develop the Northern Fescue NSR revegetation strategies document in
2014.

Knowledge gap:
Effectiveness of wetland reclamation (function, habitat, hydrology), following a range of
disturbance types (both semi-permanent and more temporary disturbances), and on a range of
wetland types (permanent lakes and ponds, bogs, fens, peatlands).
Policy issues:
Effectiveness of industrial Footprint Reclamation
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Outcome and uptakes:
The first project confirmed that the reclamation techniques used in the Northern Fescue Natural
Subregion worked well, and regulators are now convinced of the effectiveness. The second
project was a follow up ensuring the dissemination of the first project through updating the 2001
guideline, industry workshop, and tours. It is noteworthy that these techniques are cheaper than
previous practices.
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Effects of Oil and Gas Development on Grassland Birds (2011)

Researcher: Stephen Davis, Canadian Wildlife Service
Project Champion: Carol Engstrom, Husky Energy Inc.
Summary:
Grassland bird populations have declined significantly over the past century, largely due
to anthropogenic habitat loss and degradation. It is estimated that approximate 20% of original
native grassland remains in Canada. The quantity and quality of remaining grassland is
threatened by habitat loss and degradation through cultivation, urban expansion, industrial
development, exotic species invasion, woody vegetation encroachment, and inappropriate
management practices. The amount of oil and gas development in south-western Saskatchewan
and south-eastern Alberta has increased dramatically over the past 15 years, but its impact on
grassland species is poorly understood. This project will determine the extent to which oil and gas
development influences density and reproductive success of grassland songbirds in south-west
SK and south-east AB. We will quantify density and reproductive success of grassland songbirds
listed by the Committee On the Status of Endangered Wildlife In Canada (COSEWIC) in areas
with high levels of disturbance (increased number of oil and gas wells, pipelines, roads, trails,
and exotic grass species) and areas with low, to no levels of disturbance. Additionally, we will
determine whether noise from compressor stations affect the singing behaviour and song
characteristics of Sprague’s Pipit and Chestnut-collared Longspur.

Policy issues:
The way that wildlife responds to oil and gas related activity varies, and relatively little
information exist on causal mechanisms for these responses. For example, are wildlife activities
simply correlated with oil and gas activity, or are they actually a result of oil and gas activity
versus some other factor.

Knowledge gap:
Field monitoring and existing data review zones of influence and resultant setback distances for a
variety of oil and gas activities, and a variety of wildlife species, particularly species at risk and
species of management concern.
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Outcome and uptakes:
This project was a thesis project. There has not been a major influence from the outcomes of this
project on the industry or regulations; however, there is room for the results to be applied.
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Evaluating the Ecological Risk of Energy Sector Development on Burrowing Owls in Native Prairie
Habitat, 2008, 2009, and 2010

Researcher: Erin Bayne, University of Alberta
Project Champion: Sandra Marken & Scott Grindal, ConocoPhillips
Summary:
The project has involved intensive monitoring of burrowing owl nests to evaluate nesting and
fledging success. Analyses included correlating patterns of nest success with vegetation type to
evaluate which areas of the landscape result in high nest success and what anthropogenic factors
might alter reproductive success.
The Burrowing owl is a species at risk both provincially and federally. As a result, a recovery
plan and federally-defined critical habitat will be developed under the Species at Risk Act
(SARA) for this species, with the potential to affect energy sector activities within that habitat.
Therefore, information about those attributes of the nest and landscape that result in high success
is a key step in developing effective management and recovery plans, and will also play a key
role in development of appropriate mitigation actions for oil and gas development in areas with
burrowing owls.
Knowledge gap and Policy issues:
This project directly addresses an AUPRF public policy issue, specifically wildlife responses to
oil and gas activity, and associated knowledge gaps that deal with defining zones of influence
and resultant setback distances.
Outcome and uptakes:
Results of this project to-date have provided excellent science-based information, on which to
base and justify mitigation actions and setback distances for energy sector activities. In addition,
the project results will be used to influence the identification of critical habitat, as well as the
definitions for “effective protection” and “destruction” of that critical habitat, as it pertains to oil
and gas activity.
Furthermore, the results show that the oil and gas industry is not as great a danger on wildlife as
may be perceived, and the precautions taken by the industry are assisting in species protection.
The results have been disseminated through 10 academic presentations, and 6 publications.
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Removing the Wellsite Footprint, Phase I and II (2004, 2005, 2006, 2007, 2008, 2009, 2010,
2011, 2012 and 2013)
Researcher: Terry Osko, Alberta-Pacific Forest Industries, Inc. Woodlands Division and
University of Alberta
Project Champion: Pete Millman, Devon
Summary:
Based on a collaborative research program that is addressing construction and reclamation of
wellsites and associated facilities in boreal Alberta. Presently Phase II of the program focuses on
facilities constructed in wetlands. Reclamation in wetlands is an emerging issue and little
research has been completed to support regulatory guidelines. Improved construction methods
can reduce future reclamation needs. Proactive research by industry will ensure regulatory
guidelines are based on sound knowledge and will facilitate collaboration with regulators in
implementing effective practices.
An investigation and compilation was completed of present knowledge regarding wetland
reclamation, including past, presently ongoing, and anticipated research. The researchers have
also identified and prioritized gaps in this knowledge and have implemented a research program
to address these gaps and accelerate the development and use of construction and reclamation
practices leading to restoration of wetland ecosystem function. The major gaps identified were
classified into the following categories:





Practical techniques for construction and restoration of roads and well pads,
Effects analysis and documentation to more clearly define the hydrologic and ecologic effects of
roads and pads so that construction and reclamation practices are more effective at minimizing
these impacts,
Landscape assessment and planning that addresses issues of cumulative effects and how to
manage for them. In addition, such an assessment should be used to set landscape-scale goals
and to tailor individual construction or reclamation projects to a broader landscape picture
rather than having uniform targets for all individual projects.

Knowledge Gap:
Effectiveness of reclamation efforts in wetlands.Policy Issues:
The effectiveness of industrial footprint reclamation - one of the primary challenges facing the
oil and gas industry is effectively returning a range of landscapes to pre-disturbance conditions.
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Outcome and uptakes:
At this point the project is not yet complete; however, an overall observation is that industry in
general, needs to focus more on construction practices upfront that produce less disturbance so
we need less reclamation at the end. This is due to the experiments show that a less disturbed
soil yields a better reforestation outcome. The energy industry should learn and adapt this
practice from the forestry industry, where acceptable benchmarks exist.
Key outcomes:
Currently 2-3 energy companies are applying the findings from this project, and the researcher is
in contact with a larger group to persuade them to uptake the practice. The results are also shared
through 5-6 academic conferences and 3 peer reviewed papers.
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Strategies for Evaluating the Effectiveness of Reclamation Successes on Native Landscapes,
Including the Mixed Grass Prairies, the Northern Fescue Natural Region, Foothills Fescue
Natural Regions, the Aspen Parkland Natural Region, Saline/Hydro-Carbon Contaminated
Affected Soils (2010)
Researcher: Jay Woosaree, Alberta Innovates- Technology Futures
Project Champion: Terry Forkheim, Talisman Energy
Summary:
Industrial impacts on native, undisturbed) landscapes are considered by many to be more
significant than those impacts on non-native landscapes. The continued loss of native vegetation
can compromise local and regional conservation objectives, and can also significantly impact
wildlife; thus, the impact to biodiversity has the potential to be quite extensive. In addition,
reclamation standards are continually increasing, with a higher requirement for industry to
reclaim to the equivalent undisturbed land capacity, and to demonstrate this through post
reclamation monitoring. This can be expensive, long-term, and technically challenging,
particularly when proven techniques are not available. In turn; this can negatively impact timely
access to resources.
Dr. Woosaree’s research is finishing a 3 year program, focused on testing various reclamation
techniques for fescue grasslands. These grasslands are considered to be at extreme risk in
Alberta, due habitat loss and fragmentation related to agriculture, high oil and gas activity, coal
development, and urban/rural development, among others. in addition, restoring native fescue
grassland ecosystems is very difficult, expensive and often unsuccessful. As a result, SRD has
taken steps to identify priority remnant fescue grassland areas, and issue a Protective Notation
for these grasslands.
Expected outcome:
The project was aimed to both find ways to meet government requirements for reclamation, and
to reassess the possibility of meeting some of the regulatory requirements such as those in the
2011 Alberta reclamation criteria.
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Outcome and uptakes:
Results of this research have indicated that early, carefully timed successive weed control, and
higher seeding rates are critical to reclamation success. Dr. Woosaree is a member of the review
panel for associated guidelines, and holds periodic meetings with the government of Alberta. The
recommendations from this research are continuously conveyed to the government. However, it
is not clear how widely the information from this research is used by the industry.
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The Role of Predation in Woodland Caribou Population Declines in Northeastern Alberta
(2010)
Researcher: David Latham, University of Alberta ; Stan Boutin, University of Alberta
Project Champion: Scott Grindal, ConocoPhillips

Summary:
Coyote range extension has been generally associated with the expanding frontiers of human
activity and footprint; however, little is known about coyote expansion into the boreal forest,
their interactions with sympatric wolves, or their potential role as predators of calves of
threatened woodland caribou. This project assessed coyote habitat selection, diet, and
spatiotemporal relationships with caribou, wolves, and industry, in a caribou range in
northeastern Alberta.

Knowledge gap:
Effectiveness of tools to deter predator and primary prey, use of seismic lines and other linear
features

Policy issues:
Effectiveness of Mitigation Activities.
Outcome and uptakes:
The main goal of the project has been to increase knowledge and collect data. Results from the
project support the hypothesis that the industrial footprint has facilitated coyote range expansion
into caribou range. The results have been disseminated through 5-6 presentations and two peer
reviewed publications.
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Seismic Line Successional Recovery: Implications for Animal Movement and Weed
Invasion in the Boreal forest (2009)
Researcher: David Latham, University of Alberta
Project Champion: Scott Grindal, ConocoPhillips
Summary:
Seismic lines are a pervasive disturbance in northern Alberta that, while occupying a small area
of the land base, may have ecological impacts that are disproportionately large relative to their
size. New “best practices” for seismic line exploration reduce the 5 to 8m wide footprint of CS to
LIS that are ~3m wide. This research aimed to:


Assess the relative invisibility of seismic lines to invasive species establishment;



Examine the relative use of seismic lines as game trails



Determine if invasive species presence or game trail use is affected by seismic line type,
age, and/or habitat type.

Knowledge gap:
This research addresses some knowledge gaps in including those related to reclamation
effectiveness of wetlands, reclamation effectiveness of native prairie and wildlife (including
mammal, amphibian and bird) use of reclaimed habitats compared to pre-disturbed habitats

Policy issues:
One of the primary challenges facing the oil and gas industry is effectively returning a range of
landscapes to pre-disturbance or design conditions.

Outcome and uptakes:
The project is in the early stages, but it will likely tighten the regulatory requirements for
reclamation and increase the costs. It will however, bring social responsibility to industry.
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Range Expansion of White-Tailed Deer: Differentiating Responses to Climate Change and
Industrial Land Use (2009)
Researcher: Kimberly Dawe, University of Alberta
Project Champion: Mark Sherrington, Shell
Summary:
White-tailed deer have expanded their range into northern boreal habitats, where they have not
historically been present. In Alberta, population increase and expansion of white-tailed deer has
been linked to increased wolf abundance and elevated predation on threatened caribou
populations. There are two main mechanisms that may explain white-tailed deer expansion 1
) changing habitat brought about by lower winter severity and 2) changing habitat brought about
by industrial land use The goal of this project is to develop cause-specific management strategies
to mitigate the spread and impacts of white-tailed deer invasion. So far, the results have shown
little correlation between index for change in deer population abundance and winter severity at
the small wildlife management unit level, however there is a need to address this same question
across the boreal forest to increase sample size. Conversely, the results so far have shown that
white-tailed deer select for higher linear feature density in peat lands.
The implications of this research are important for the energy sector, as it will allow individual
companies and cooperatives of companies active in woodland caribou range to prioritize linear
features for restoration based on their potential contribution to deer population, which negatively
affects woodland caribou.

Outcome and uptakes:
Deer were found in 98 percent of the sampling site. Study is useful in displaying how deer are an
important factor in the increase in wolves and decline of caribou. This is important because the
oil and gas industry has traditionally been the central suspect for decline of caribou. The result
has been disseminated to media, and regulators are aware of the findings.
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Liner Features, Forest and Wolf Predation of Caribou Prey in West Central Alberta (2008)
Researcher: Marco Musiani, University of Calgary
Project Champion: Mark Sherrington, Shell
Summary:
This project is a part of a bigger study launched in 2008. - PTAC is only one of several funders
of this project

Knowledge gap:
Boreal woodland caribou calving habitat selection (predation risk).

Policy issues:
Ecosystem (and component) responses to oil and gas activity.

Outcome and uptakes:
Helping government in managing wildlife, while proving that the activities of the oil and gas
industry are not the sole reason for the current decline.
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Putting Grizzly Bear Research Results into Today's Land Management and Planning in
Northwestern Alberta: Continue Map and Model Development for Northern Alberta and
Complete Interim Health Results for Grizzly Bear Populations in Alberta (2006, 2007 and
2008)
Researcher: Gordon Stenhouse, Foothills Research Institute, Grizzly Bear Program
Project Champion: Terry Forkheim, Talisman Energy
Summary:
The purpose of this research is to provide land and resource managers with new tools to map,
understand, and track landscape change and animal health for effective management and
conservation of species at risk. It produces map products that show the probability of grizzly
bear occurrence, mortality risk, safe harbours, habitat states and travel corridors for all grizzly
bear range in Alberta. This “health-oriented” project focuses on providing new tools and
methods to enable well informed and timely land use management decisions to maintain
ecosystem health and to support sustainable development. The project focuses on Alberta grizzly
bear populations as a key indicator of ecosystem health. These leading edge innovative products
and techniques make Alberta a recognized world leader in ecosystem management.

Outcome and uptakes:
Based on more than 8 years of data, the researcher has developed a risk mapping toolbox to help
the oil and gas industry decide on where to build roads and develop infrastructure, in order to
minimize the risk to wildlife. The toolbox is currently being used by Shell, and there is potential
for introduction of the toolbox to at other PTAC member companies.
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Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou Calves: Implications
for Management (2011, 2012 and 2013)
Researcher: Craig DeMars, University of Alberta
Project Champion: Scott Wagner, Nexen Inc.
Summary:
Boreal caribou (Rangifer tarandus caribou), an ecotype of woodland caribou, are federally listed
as Threatened and provincially designated as Red-listed in British Columbia due to population
declines throughout much of their distribution. High rates of calf mortality due to predation are a
key demographic factor contributing to population declines. This four-year project was initiated
in 2011 to evaluate spatial factors influencing predation risk to boreal caribou calves in northeast
British Columbia. The project is a collaborative effort among government, industry, nongovernmental organizations, First Nations and academia.

Outcome and uptakes:
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Grizzly Bear Habitat Mapping and Modeling in Alberta (2003, 2004 and 2005)
Researcher: Gordon Stenhouse, Foothills Research Institute, Grizzly Bear Program
Project Champion: Terry Forkheim, Talisman Energy
Summary:
This multidisciplinary study was launched in 1999 in response to increasing human use of
grizzly bear habitat along Alberta’s eastern slopes. As human populations and activities expand,
grizzly bear habitats are increasingly being lost or degraded, resulting in the reduction and
fragmentation of bear distribution and population. If human activities and healthy grizzly
populations are to be sustained in these areas, intensive management based on detailed biological
information is needed.
The study is intended to provide resource managers with the knowledge and tools to ensure the
grizzly’s long-term conservation in the area. This includes gathering better information and
developing computer-based maps and models about grizzly bear movements, habitat use and
response to human activities.
Outcome and uptakes:
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Peatland Restoration of Abandoned Oil and Gas Well Sites (2013)
Researcher: Hugh Seaton, NAIT – Boreal Research Institute
Project Champion: Margaret Marra, Shell
Summary: Restoring peatlands following in situ industry activity in the boreal region of northern
Alberta presents a set of challenges that have yet to be overcome. The lack of proven treatments for
restoring peatlands, coupled with a tightening regulatory environment suggest that peatland reclamation is
likely to result in substantial long-term liability, possibly even limiting development of the oil sands
resource. Expanding the array of restoration methods (e.g., cost-effective procedures to re-connect well
sites with the surrounding peatland) and technologies (e.g., techniques of utilizing live moss from donor
sites) for peatlands is of utmost urgency given the importance of oil sands extraction to Canada’s
economic well-being. Trials will assess and quantify six well pad removal options, will assess the use of
donor site materials in plant establishment, and assess plant propagation and establishment methods. The
trials will apply risk management to climate uncertainty.

Policy issue:
The effectiveness of industrial footprint reclamation or functional restoration. One of the primary
challenges facing the oil and gas industry is effectively returning a range of landscapes to
predisturbance or design conditions.

Knowledge gap:
Reclamation effectiveness of wetlands

Outcome and uptakes:
Informs development of Government reclamation criteria for peatland reclamation (informs
Regulation); informs construction techniques on peatlands/ potential cost savings.
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When is Reclamation Success Achieved, Using the 2010 Reclamation Criteria as a Guide?
(2011)
Researcher: Jay Woosaree, Alberta Innovates – Technology Futures
Project Champion: Jody Spady, Husky Energy Inc.
Summary:
Plant communities are complex, diverse and variable in nature. How they respond to stresses
allows them to build resiliency, which in turn makes them sustainable. Thus having a rating drop
due to the presence of Type 4 increasers as a result of grazing or other stress should not
constitute failures. Those species classified as class 4 grazing response species are highly
adapted to disturbance, usually have good germination and establishment and are well suited for
use in reclamation, but they have received a bad reputation due to overgrazed lands being
dominated by them. They should rather be used as an indicator of poor practices. These Type 4
species can play a significant role in erosion control and native establishment on a site. Good
reclamation practices should include them in a seed mix without exceeding control percentages
on adjacent lands. The effectiveness of the 2010 criteria will depend on the competence and
professional judgement of the reclamation practioner. In our study, one of the sites received a
reclamation certificate in 2010, yet was found to have failed under bareground, macro-contours,
structural layers, litter quality and quantity, noxious weeds and presence of non-native forages. It
is anticipated that many DSA’s will be submitted using a non-routine application. The use of the
2010 Reclamation Criteria requires a non-bias and experienced assessor. It provides for a
consistent and effective tool to gauge reclamation success and ecosystem functions, as well as
forecasting site trajectory in a temporal community composition based scale. The following are
some recommendations:

to limit the amount of seed in the soil.
reputable dealers, inspect seed growers’ plots to ensure quality materials.

seed from the adjacent controls can help accelerate plant community recovery.
and ensure it is weed free.
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Reclamation Criteria in order to design better seed mixtures that resemble more
closely to site conditions of the natural sub-regions.
etitive species if weeds in the area seem to be a problem. Seed species
that are known to compete well with weeds in the reclaimed area. Know this may
take a longer time prior to seeking a reclamation certificate.
ng sites.

scar on the landscapes and it increases soil compaction and limits vegetation growth.
re importantly, do reclamation once and do it right the first time. Redisturbance
creates situations for weeds to establish, increases cost and remains a longer liability
to the industry.

Outcome and uptakes:
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Efficient Strategies for Remediating and Revegetating Sensitive Landscapes: Oilsands,
Saline Areas, Forested and Foothills Regions (2008)
Identifying Key Native Species and Efficient Strategies for Revegetating Sensitive
Landscapes: Oil Sand Areas, Saline Areas, Boreal Forest and Foothills Regions (2006 and
2007)
Native Species for Reclaiming Sandy Soils Disturbances of the Parkland Ecoregion (2003,
2004, 2005 and 2006)

Researcher: Jay Woosaree, Alberta Innovates – Technology Futures
Project Champion: Rob Staniland, Talisman Energy
Summary:
Achieving reclamation success requires appropriate site preparation and strategies of plant reintroduction
Adapted plants that have proven performance, and strategies on how to use them, will enable resource
extraction companies to reclaim environmentally sensitive areas to sound ecological function.

Oil & gas industries in Alberta have drilled approximately a quarter million wells and this number keeps
increasing by over 20,000 wells annually. More than half of the wellsites, each occupying approximately
1 ha or more, are on Crown land where an objective of “ecosystem goods and services” has replaced the
previous, simpler goal of soil stability and dense forage cover. The foothills, the mixed grass prairie, the
aspen parkland and the boreal forest include a diversity of natural plant communities. These plant
communities provide habitats and movement corridors for many wildlife species, and important forages
for grazing livestock. Oil & gas, other industries, ranching and public recreational activities have altered
these plant communities, leading to a risk of reduced ecosystem performance and productivity. Others
argue that once, for example the fescue plant community is disturbed, it cannot be reclaimed to its
predisturbed condition (Bradley, 2004). Weeds and Invasive forage species may threaten landscapes,
especially when natural plant communities and soils have been disturbed, by reducing usable production
or changing important site ecological behavior.

Pipeline breaks and surface spills at wellheads or battery sites may contribute to local soil salinization.
Both hydrocarbon and saline produced water are common throughout the province. The presence of
soluble salts affects plant growth by limiting their water uptake. Plant species tolerance of contaminants
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and abilities to enhance conditions at sites is partly understood, but few suitable native species are
currently available. Improvements may provide options to wholesale soil removal and land filling.

Outcome and uptakes:
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Development of Drought Tolerant/Salt Tolerant Native Grass, Forb and Legume Ecotypes
for use on Disturbed Land in the Prairies and Boreal Forest (2004)
Researcher: Jay Woosaree, Alberta Innovates – Technology Futures
Project Champion: Rob Staniland, Talisman Energy
Summary:
It is predicted that Canada is among the nations that will experience the greatest temperature
change. Air temperatures in the Prairie Provinces have warmed historically, by approximately
1.2°C over the last 50 years (Environment Canada, 2002). The potential impacts in rural areas
can include increase risk of drought and dust storms; increase desertification (salinity) in
Southern regions and increase demand for water. In the boreal region the effect can include a
reduction in boreal biodiversity, landscape fragmentation, saline areas and invasion by nonnative species. Whether it is due to climate change, an increased in temperature may result in the
southern edge of the boreal forest being shifted northward by as much as 1100 km, which may
result in grasslands moving further north. The progressive drying trend in Alberta naturally
depletes large volumes of water from agricultural and pastures lands. Lakes, sloughs, and
waterways continue to dry, allowing large saline areas to appear.
Dryland salinity affects over 2 million ha in the prairie provinces and is spreading at a rate of
200,000 ha annually. Alberta posesses an abundance of native species that thrive on low quality
or disturbed soil. One of the strategies is to do nothing. However, most Canadians believed that
we have to be prepared for the changes that are anticipated to occur as a result of climate change.
Developing native range plants adapted to the Prairie's dry weather and to salinity conditions can
reduce the risk associated with global warming, reduced the amount of water needed to irrigate
crops, and maintain healthy rangelands and ecosystem. They can also be useful for carbon
sequestration leading to reduced greenhouse gas emissions (Svejcar et al., 1997), more
specifically with reducing the discharge of CO2 to the atmosphere. It is therefore important to
have native grass, shrub and legume species that will thrive in the new environmental conditions
that will result from climate change. These native cultivars will be able to bridge the gap that
may result as trees die and grasslands move northward.
Outcome and uptakes:
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The Role of Predation by Wolves and Bears in Caribou Declines in West-Central Alberta
(2011, 2012 and 2013)
Researcher: Marco Musiani, University of Calgary
Project Champion: Mark Sherrington, Shell
Summary:
FORESTRY HYPOTHESIS: Forestry may improve habitat for primary prey of wolves (moose,
deer), which then increase, incidentally increasing predation on caribou.
OIL&GAS HYPOTHESIS: Predators may travel more efficiently on linear features, such as
roads, seismic lines or trails, and therefore encounter and kill more caribou.
BEAR PREDATION: Bears, Grizzlies in particular, may also predate on caribou, potentially
causing significant mortality of calves.
ADDRESSING KNOWLEDGE GAPS:
GAP1: Our projects (2007-2009 and 2011 onward) clearly indicated wolf predation pressure on
caribou during the summer, a period during which the Oil&Gas Hypothesis should be weaker
because many caribou migrate to less-impacted areas in the mountains.
GAP2: We are also using stableisotope analyses of hair samples to understand the diet overlap
between predators (e.g. wolves, bears) and caribou, thus enabling industry to assess whether
predators favoured by Oil and Gas or Forestry are predominant. This new approach does not bias
assessments towards sex/age of caribou and is not intrusive.
GAP3: While wolf behaviour and predation on caribou are well described, little is known about
Grizzly bears. We will describe bears’ use of habitats and anthropogenic features and predation
on caribou (adults and calves) throughout the year by using new-technology, which allows for
daily downloads of location and visits to predation sites.
Policy Issue
The role of predation in woodland caribou population declines. Predation is recognized as the
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primary source of mortality, and the proximate cause of population declines, in woodland
caribou ‐ but it is important to know which predators are preying on caribou and how? Wolves
are thought to be the primary predators of caribou throughout their range, but predation by bears
and other predators is unknown and may be significant.
Knowledge Gap
Predator use of habitats and anthropogenic features in and around caribou ranges and effects of
predation on caribou throughout the year
Outcome and uptakes:
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We Have a Reclamation Certificate, But is it Good Enough? Long-term Reclamation
Monitoring of Oil and Gas Footprints (2013)
Researcher: Dan Farr, Alberta Biodiversity Monitoring Institute
Project Champion: Scott Grindal, ConocoPhillips
Summary:
Recovery of ecological conditions at certified wellsites, pipelines, and other oil and gas
infrastructure in Alberta may continue long after the reclamation certificate issue date, but this
ecological recovery, or lack thereof, is not tracked or documented. Alberta’s growing inventory
of certified industrial footprints that may not have fully recovered to the intended objective of
equivalent capability is perceived as a potential liability that detracts from government’s
stewardship commitments, and from industry’s social license to operate on public and private
land. The effectiveness of reclamation after site certification in Alberta’s cropland, native prairie
and forest land is not presently monitored, and published studies suggest that vegetation
communities at reclaimed sites often differ from undisturbed areas.
Over the past 50 years, expectations of Alberta’s reclamation program have shifted from retuning
useable land to its owners to addressing concerns of multiple stakeholders, with the overall trend
being toward achieving historically relevant vegetation and wildlife. In keeping with Alberta’s
history of continuously [adapting] its industrial land conservation and reclamation program and
related legislation in response to changing public expectations and improvements in reclamation
science, this project will evaluate ecological condition of reclaimed/certified sites (and how this
varies among ecosites and over time after certification) and achieve two principal objectives:
1. Create a scientifically robust, transparent, and financially sustainable long-term
reclamation monitoring system.
2. Conduct a retrospective study of historical well sites to address key knowledge gaps that
currently constrain the assessment of ecological recovery after reclamation. The initial
focus on well sites will provide a foundation for further work on other energy sector
footprints.
A scientifically robust, transparent, long-term reclamation monitoring system will support the
Alberta government’s monitoring mandate and industry’s social license to operate on public and
private land. Stakeholders expect the best available knowledge to be applied to environmental
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problems; there will be considerable uncertainty in the ability of operators to achieve meaningful
reclamation without credible, reliable data on the progression of recovery on reclaimed land.

Policy issue:
The effectiveness of industrial footprint reclamation or functional restoration. One of the primary
challenges facing the oil and gas industry is effectively returning a range of landscapes to
predisturbance or design conditions.

Knowledge gap:
Reclamation effectiveness of wetlands

Outcome and uptakes:


enabled by integrated environmental policies and a jurisdiction-leading regulatory
system;



informed by scientifically rigorous and transparent monitoring, evaluation and reporting;



delivered in partnership with key stakeholders at the provincial, regional and local level 2
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Disturbance Zones of Influence on Boreal Songbird Communities in Northern Alberta
(2012)
Researcher: Amy Darling, Golder Associates
Project Champion: Carol Engstrom, Husky Energy Inc.
Summary:
Canada’s boreal forest is important habitat for many North American birds, which play a vital
role in the health of forests, and provide ecosystem services. Expanding human development in
northern Alberta raises concerns that fragmentation and loss of habitat could be leading to
declines in forest wildlife. Objectives of this boreal songbird analysis were to examine habitat
and disturbance assocaitions of boreal songbirds, and determine what habitat and disturbance
variables had the greatest influence on mature forest songbird relative abundance and species
richness, with the ultimate goal of developing an empirical habitat model to predict the influence
of development on mature forest songbirds in northeastern Alberta.

Outcome and uptakes:
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Use of Anthropogenic Linear Features by Alternative Predators in Woodland Caribou
Range (2012)
Researcher: David Latham, Landcare Research
Project Champion: Scott Grindal, ConocoPhillips
Summary:
The boreal ecotype of woodland caribou (Rangifer tarandus caribou) is listed as threatened by
the Committee on the Status of Endangered Wildlife in Canada and under the federal Species at
Risk Act (SARA) (Environment Canada 2008). In northeastern Alberta, Canada, caribou have
been extirpated from about 60% of their historical range and all currently monitored herds have
shown declines in recent years. Although a number of factors have been implicated in these
population declines, predation has been identified as the primary proximate factor in Alberta as
well as in other jurisdictions. Wolves (Canis lupus) are believed to be responsible for most adult
female mortality. However, populations have declined not only because of low adult female
survival but also low calf survival and subsequent low recruitment to the population. Although
wolves are likely contributing to low survival of caribou calves, grizzly bears (Ursus arctos),
black bears (U. americanus), coyotes (C. latrans), and wolverine (Gulo gulo) also are believed to
be important predators of calves.

Coyotes were historically absent from non-prairie Alberta; however, they have expanded north
and west to include most of the mountainous and northern boreal forest of the province.
Although this new predator in the boreal forest could directly and indirectly impact a wide
variety of prey and predator species, their ecology in this ecosystem is poorly understood. A
recent study in northeastern Alberta by Latham et al. (in review) found that most coyotes showed
positive selection for peatland-type habitats preferred by caribou during the calving season and
also a small proportion of caribou calf in coyote diet, suggesting that although caribou are not
important prey for coyotes they are incidental prey. However, evidence from eastern Canada
suggests that invading coyotes can be effective predators of caribou, negatively affecting
recruitment and population viability.

In the boreal forest, black bears prey on calves of caribou, elk (Cervus elaphus), and moose
(Alces alces), as well as fawns of white tailed deer. In eastern Canada, Pinard et al. (2012) found
169

that ≥ 50% of caribou calf mortality could be attributed to predation by black bears. In
northeastern Alberta, Latham et al. (2011b) showed that habitat selection by individual black
bears in caribou range was highly variable, with approximately one-third of bears showing
positive selection for habitats similar to those selected by caribou.

Outcome and uptakes:
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Linear Features Inventory and Characterization of Selected Portions of the West Side
Athabasca Caribou Range (WSAR), Northeast Alberta (2010)
Researcher: Derek Fisher, GreenLink Forestry Inc.
Project Champion: Amit Saxena, Devon
Summary:

Outcome and uptakes:
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Wolf Movements in Relation to Natural and Industrial Landscape Features on Caribou
Range on East Slopes of Rocky Mountains BC (2008)
Researcher: Dale Seip, Ministry of Forests
Project Champion:
Summary:

Outcome and uptakes:
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Development of Ecologically-based Criteria to Assess the Impact and Recovery of Seismic
Lines (2008)
Researcher: Erin Bayne, University of Alberta
Project Champion: Karen Halwas, Paramount Resources
Summary:

Outcome and uptakes:
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Assessment of Species at Risk Setback Distances Relative to Oil and Gas Activity (2005,
2006 and 2007)
Researcher: Corey Linnen, Northern Envirosearch and Doug Terry, Northern Envirosearch
Project Champion: Nicole Haakenson, Nexen Inc.
Summary:
The federal Species at Risk Act (SARA) became enforceable on June 1, 2004 to provide for the
legal protection of wildlife species and conservation of biodiversity. It applies to all wildlife
species listed as being at risk and their critical habitat. There are currently over 100 species
protected by SARA. Setback distances, outlined by the Standardized Guidelines for Petroleum
Activity within Areas of Species at Risk, have been developed based on consultation with
industry and biological authorities. These species setback distances and applicable timing are
based on a 3D matrix, which includes the type, magnitude and associated risk of the disturbance.

Outcome and uptakes:
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Changes in Alternative Prey Density in Fen/Bog Complexes May Affect the Spatial
Separation of Caribou from Wolves (2006)
Researcher: David Latham, University of Alberta
Project Champion: Rob Staniland, Talisman Energy
Summary:
The North American range of the woodland caribou (Rangifer tarandus caribou) has undergone
a gradual but significant recession northward since European settlement. A number of factors
have been implicated in the recent declines of woodland caribou, e.g. human settlement, habitat
destruction, hunting, and elevated levels of industrial activity. There is mounting evidence to
suggest that predation (particularly by wolves) is a major cause in the declines of caribou
populations in western Canada.

As caribou have historically coexisted with predators in the boreal forest for thousands of years
and yet only now face extirpation from large parts of western Canada, it is likely that cariboupredator dynamics have been altered, perhaps by recent large-scale anthropogenic disturbances.

Outcome and uptakes:
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Alberta Biodiversity Monitoring Program (2005 and 2006)
Researcher: Kirk Andres, Alberta Research Council
Project Champion: Peter Koning, ConocoPhillips Canada
Summary:
The rate, diversity, and magnitude of industrial development in Alberta has increased rapidly in
recent decades and is projected to grow substantially in the future, as human populations and
related infrastructure grow. This growth has already produced a considerable impact upon
landscapes in the province, and careful management is required to ensure that the cumulative
impacts of developments do not adversely affect biodiversity and the environment in general.
Addressing this concern is important to the competitiveness of Alberta economies because
market forces are increasingly demanding that protection of ecosystems and biodiversity be
clearly demonstrated as conditions of product sales. Industrial players in Alberta have
demonstrated strong commitments to using adaptive management processes in the conduct of
their businesses.

Outcome and uptakes:
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Woodland Caribou Research (2005 and 2006)
Researcher: Brian Coupal, West Central Caribou Range Restoration Project and Sarah Boyle,
Devon
Project Champion: Carol Engstrom, Husky Energy
Summary:
The goal of the Caribou Range Restoration Project is to speed the recovery of linear disturbances
(roads, seismic lines and pipelines) and other human developments, so that their negative effects
on woodland caribou, and other sensitive wildlife species, are lessened and eventually
eliminated. Specific objectives are to promote the re-growth of native vegetation on human
disturbances, reduce the benefits of linear disturbances to wolves (and other predators) and
humans, and re-vegetate disturbances so that they are no longer avoided by caribou, and no
longer act as a barrier to caribou movement.

Outcome and uptakes:
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Boreal Caribou: Telemetry Project (Bistcho Lake/Cameron Hill Herds (2006)
Researcher: Pat Cabezas, Boreal Caribou Committee
Project Champion: Shad Watts, Devon Energy
Summary:
The plight of the Woodland Caribou herds residing in Canada's northern boreal forests have been well
documented. Currently, the species is considered as 'threatened' in central and western Canada and 'at risk'
in Alberta. The main threat to Woodland Caribou is related to habitat loss due to industrial activity in
these areas. However, habitat mapping strategies to date have lacked precision, as habitat relationships
are not fully understood, and land cover mapping is neither consistent nor complete. The key component
of successful conservation strategies is accurate information about habitat characterization in order to
predict the occurrence of Woodland Caribou.

Outcome and uptakes:
The main conclusion of this study was the spectral signature characteristics extracted from the satellite
imagery can be related to caribou use and avoidance, therefore applicable for use in habitat mapping in
remote areas where satellite imagery is the only practical source of information. In fact, conservation
planning using this methodology has already been applied in northeastern Alberta in range planning
exercise conducted by the Boreal Caribou Committee.
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2013 Air Public Policy Issues and Knowledge Gaps

PUBLIC POLICY ISSUE

ASSOCIATED KNOWLEDGE GAP(S)
The filterable fraction of particulate matter is currently included in emission inventories and
environmental assessments. It is anticipated that the condensable fraction, in addition to the
filterable fraction, may be required in the future. A project that investigates currently available
filterable and condensable emission factors, evaluates their accuracy, and develops and
implements a test plan to improve the factors is required. As a starting point, the following is a
list of references tables containing particulate emission factors:
– natural gas-fired turbines: AP-42 Table 3.1-2a
– natural gas-fired reciprocating engines: AP-42 Tables 3.2-1, 3.2-2 and 3.2-3

Development and evaluation of the relationships between NOx, N2O, and CO emissions and
engine process parameters, such as exhaust temperature, pressure and oxygen concentration,
is requested.

Reducing emissions of targeted compounds sometimes has negative or collateral impacts on
other substances. One well documented example involves reciprocating engines, where
lowering NOx emissions could result in increased greenhouse gas emissions. An investigation
of similar trade-offs associated with other combustion sources, such as boilers and heaters, is
required.

An investigation of the sources and substances likely to cause odour from Upstream Oil and
Gas Facilities events, as well as available measurement methods and the mitigative measures
that may be employed to avoid these events, is required.

Source identification and quantification of these compounds at Upstream Oil and Gas Facilities
is required.

• PCB's

• Radionuclides

• Para-cresol

• Ultrafine particulate matter

– Large Stationary Diesel and All Stationary Dual-fuel Engines: AP-42 Table 3.4-2
Improving air emissions inventories through improved emissions factors
and reporting methodologies. Air emissions inventories are becoming – external natural gas consumption: AP-42 Table 1.4-2
an increasingly important method of monitoring and reporting on
– external LPG consumption: AP-42 Table 1.5-1
industry emissions, for the public, governments, and individual
companies. Further, governments are beginning to use these
emissions inventories to negotiate international treaties, establish A project that assesses currently available emission factors for particulate matter speciation
and supplements this data with test data, if appropriate, is required.
air emissions policy measures and targets, and develop forecasts.
As such, it is important that the UOG operators report facility
emissions using standardized methodologies and emissions factors Current methods for estimating reduced sulphur compounds based on continuous emissions
monitoring (CEMs) of sulphur dioxide involve a significant degree of uncertainty. Improved
with low uncertainty, and have access to a wide variety of effective
methods for determining the concentration of reduced sulphur compounds are needed.
emissions monitoring technologies.
Some N2O (nitrous oxide) emission estimation methods for reciprocating engines calculate N2O
emissions as a fraction of total NOx emissions. However, the effect of engine loading on NOx
concentration is not well understood nor is the relationship between N2O and NOx. Methods for
estimating NOx emissions as a function of engine loading, as well as alternative methods for
calculating the associated N2O emissions are required.
Understanding the emissions of metals from external and internal natural gas combustion
sources are of interest. The data currently available from the EPA has a low rating for accuracy. A
test program to evaluate metal emissions and develop associated emission factors from
Upstream Oil and Gas Facilities is required.
Ambient Air Quality Objectives are routinely reviewed and revised. Future compounds of
potential interest include:
• Mercury
Identification and estimation of sources of emission for substances of
concern. Air quality objectives are continuously being reviewed and
updated. To determine the impact of such policy changes, it is
important for industry to understand the contribution UOG facilities
have to the substances being reviewed. For example, as part of AENV
ambient air quality objectives process, a list of priority substances
have been put forward for review.

Understanding the relationship between source emissions and ambient air
concentrations. All levels of Governments and health agencies (local
to international) are increasingly using ambient air quality
benchmarks (objectives, standards, guidelines, etc) as a means to
achieve and maintain air quality in respective jurisdictions. To
determine the impact of such policy measures on the UOG, it is
important for industry to understand how air pollutant emissions
contribute to and affect the ambient conditions surrounding UOG
facilities.
Advance the Development of New or emerging air emission reduction
technologies. For industry to evaluate the impact of potential policy
measures to control air pollutants and greenhouse gases, they need
to assess emerging technologies that have not yet been proven for
commercial use. To assess the suitability of the technology, industry
requires knowledge of the overall reduction potential and costeffectiveness. To that end, industry should also understand the
trade-offs and full life-cycle of each technology (i.e., increased
collateral emissions specifically GHG, carbon monoxide and
unburned hydrocarbons, fuel usage, from gas fire reciprocating
engines, etc) so that a net environmental benefit is achieved
through broad technological deployment.

RECOMMENDED PROJECTS

 Gap Analysis for the Stationary Combustion Filterable and Condensable
Particulate Matter Emissions Factors – Todd Tamura, Tetra Tech

Development of a Model to Predict Benzene Emissions from Glycol Dehydrators
with Condensation Tanks – James Holoboff, Process Ecology

 Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in
the Flare Stream – Matt Johnson, Carleton University

 Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in
the Flare Stream – Matt Johnson, Carleton University

Investigation of the characteristics of ultrafine particles for improved PM
emission factor reporting for flares – Jason Olfert, U of A

 Development of N2O Emission Factors for UOG Fired Equipment – David
Picard, Clearstone Engineering Ltd.

Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in the Flare
Stream – Matt Johnson, Carleton University
Investigation of the characteristics of ultrafine particles for improved PM
emission factor reporting for flares – Jason Olfert, U of A
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2012 Air Public Policy Issues and Knowledge Gaps

PUBLIC POLICY ISSUE

Improving air emissions inventories through improved emissions factors
and reporting methodologies. Air emissions inventories are becoming
an increasingly important method of monitoring and reporting on
industry emissions, for the public, governments, and individual
companies. Further, governments are beginning to use these
emissions inventories to negotiate international treaties, establish
air emissions policy measures and targets, and develop forecasts.
As such, it is important that the UOG operators report facility
emissions using standardized methodologies and emissions factors
with low uncertainty, and have access to a wide variety of effective
emissions monitoring technologies.

ASSOCIATED KNOWLEDGE GAP(S)
Improved emissions factors for volatile organic compounds from all sources, including fugitive
emissions.

Updating fugitive emissions factors post ERCB's fugitive emissions management requirements

The potential emissions associated with flaring non hydrocarbon liquids are not well
understood. Review and evaluate the potential for flaring natural gas where there is nonhydrocarbon liquid in the flare stream, and determining the emissions characteristics.

Identify sources and quantify contributions for the following compounds from UOG facilities.
Identification and estimation of sources of emission for substances of
ultra-fine PM, Arsenic and Cadmium.
concern. Air quality objectives are continuously being reviewed and
updated. To determine the impact of such policy changes, it is
important for industry to understand the contribution UOG facilities
have to the substances being reviewed. For example, as part of AENV
ambient air quality objectives process, a list of priority substances
have been put forward for review.

Understanding the relationship between source emissions and ambient air
concentrations. All levels of Governments and health agencies (local
to international) are increasingly using ambient air quality
benchmarks (objectives, standards, guidelines, etc) as a means to
achieve and maintain air quality in respective jurisdictions. To
determine the impact of such policy measures on the UOG, it is
important for industry to understand how air pollutant emissions
contribute to and affect the ambient conditions surrounding UOG
facilities.

RECOMMENDED PROJECTS

 Emissions from flares with non-hydrocarbon liquids in the flare stream

 Field Measurement of Black Carbon Emissions from Flares

 Evaluation of Emissions in the Upstream Oil and Natural Gas Industry

 Evaluation of air emissions associated with hydraulic fracturing

Field Measurement of Black Carbon Emissions from Flares

 Evaluation of Emissions in the Upstream Oil and Natural Gas Industry

 Phase II Non-Routine Flaring Modeling Tool Development
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2011 Air Public Policy Issues and Knowledge Gaps

PUBLIC POLICY ISSUE
Improving air emissions inventories through improved emissions factors
and reporting methodologies. Ai r e mi s s i ons i nve ntori e s a re be comi ng
a n i ncre a s i ngl y i mporta nt me thod of moni tori ng a nd re porti ng on
i ndus try e mi s s i ons , for the publ i c, gove rnme nts , a nd i ndi vi dua l
compa ni e s . Furthe r, gove rnme nts a re be gi nni ng to us e the s e
e mi s s i ons i nve ntori e s to ne goti a te i nte rna ti ona l tre a ti e s , e s ta bl i s h
a i r e mi s s i ons pol i cy me a s ure s a nd ta rge ts , a nd de ve l op fore ca s ts .
As s uch, i t i s i mporta nt tha t the UOG ope ra tors re port fa ci l i ty
e mi s s i ons us i ng s ta nda rdi ze d me thodol ogi e s a nd e mi s s i ons fa ctors
wi th l ow unce rta i nty, a nd ha ve a cce s s to a wi de va ri e ty of e ffe cti ve
e mi s s i ons moni tori ng te chnol ogi e s .

ASSOCIATED KNOWLEDGE GAP(S)

Improved emissions factors for volatile organic compounds from all sources, including fugitive emissions.

Upda ti ng fugi ti ve e mi s s i ons fa ctors pos t ERCB's fugi ti ve e mi s s i ons ma na ge me nt re qui re me nts
The pote nti a l e mi s s i ons a s s oci a te d wi th fl a ri ng non hydroca rbon l i qui ds a re not we l l
unde rs tood. Re vi e w a nd e va l ua te the pote nti a l for fl a ri ng na tura l ga s whe re the re i s nonhydroca rbon l i qui d i n the fl a re s tre a m, a nd de te rmi ni ng the e mi s s i ons cha ra cte ri s ti cs .

RECOMMENDED PROJECTS

A11 - Practical Defensible PM 2.5 Emission Facdtors for Flares

A04 - A Critical Examination of Trace Gases Emissions Gaseous Combustion Sources.
A29 - Development of Improved Emission Factors and Speciation Data for Heated
Heavy Oil Storage Tanks

De ve l op cos t-e ffe cti ve NOx re ducti ons opportuni ti e s for ne w a nd e xi s ti ng boi l e rs a nd he a te rs

A12 - Nox Reduction for Fired Equipment in Upstream O&G via Burner Design and
Control.
A30 - Nox, GHG, and Energy Reduction
Strategies for Boilers and Heaters.

A12 - Nox Reduction for Fired Equipment in Upstream O&G via Burner Design and
Control.
A30 - Nox, GHG, and Energy Reduction
Strategies for Boilers and Heaters.

A28 - Evaluation of Mercury and Other Emissions in the Upstream Oil and Natural
Gas Industry

De ve l op e mi s s i on profi l e s of NOx, CO, GHGs , a nd unburne d hyudroca rbons for e mi s s i on control
te chnol ogi e s for na tura l ga s fi re d re ci proca ti ng e ngi ne s .

A27 - Evaluation of Convective Mixing Losses in Aboveground Storage Tanks.
A14 - Photolytic Degradation of BTEX from the Oil and Gas Industry

CALPUFF is a software program universally accepted by the provincial regulators (AENV and
ERCB) and industry for modelling the dispersion of SO2 from UOG facilities. Both industry and
regulators would like to see an Alberta-specific Calpuff model to incorporate unique
algorithms around routine and non-routine flaring.

Ide nti fy ma te ri a l s ource s of be nze ne e mi s s i ons , be yond gl ycol de hydra tors , from ups tre a m oi l
a nd ga s a cti vi ti e s .

Identification and estimation of sources of emission for substances of
Ide nti fy s ource s a nd qua nti fy contri buti ons for the fol l owi ng compounds from UOG fa ci l i te s .
concern. Ai r qua l i ty obje cti ve s a re conti nuous l y be i ng re vi e we d a nd
Me rcury, ul tra -fi ne PM, Acrol e i n, Ca rbonyl Sul phi de , Ammoni a , Ars e ni c a nd Ca dmi num.
upda te d. To de te rmi ne the i mpa ct of s uch pol i cy cha nge s , i t i s
i mporta nt for i ndus try to unde rs ta nd the contri buti on UOG fa ci l i te s
ha ve to the s ubs ta nce s be i ng re vi e we d. For e xa mpl e , a s pa rt of AENV
a mbi e nt a i r qua l i ty obje cti ve s proce s s , a l i s t of pri ori ty s ubs ta nce s
ha ve be e n put forwa rd for re vi e w.

Understanding the relationship between source emissions and ambient air
concentrations. Al l l e ve l s of Gove rnme nts a nd he a l th a ge nci e s (l oca l
to i nte rna ti ona l ) a re i ncre a s i ngl y us i ng a mbi e nt a i r qua l i ty
be nchma rks (obje cti ve s , s ta nda rds , gui de l i ne s , e tc) a s a me a ns to
a chi e ve a nd ma i nta i n a i r qua l i ty i n re s pe cti ve juri s di cti ons . To
de te rmi ne the i mpa ct of s uch pol i cy me a s ure s on the UOG, i t i s
i mporta nt for i ndus try to unde rs ta nd how a i r pol l uta nt e mi s s i ons
contri bute to a nd a ffe ct the a mbi e nt condi ti ons s urroundi ng UOG
fa ci l i ti e s .

Improving air emissions estimation methodologies. Envi ronme nt
a s s e s s me nts a re a ke y compone nt to ne w a nd re ne wi ng fa ci l i ty
a pprova l s a nd l i ce ns e s . A s i gni fi ca nt compone nt of the a s s e s s me nt
i s for compa ni e s to de mons tra te compl i a nce wi th re gul a ti ons a nd
re qui re me nts re l a ti ng to a i r e mi s s i ons a nd a mbi e nt a i r qua l i ty.
Compa ni e s us e di s pe rs i on mode l i ng a s a me thod to pre di ct
fa ci l i ti e s ' compl i a nce wi th the re gul a ti ons . Hi s tory s hows tha t the
di s pe rs i on mode l l i ng pre di cti ons a re ofte n much hi ghe r tha n
me a s ure d conce ntra ti ons . As s uch, i ndus try woul d l i ke to groundtruth or va l i da te di s pe rs i on mode l i ng s oftwa re us e d for fa ci l i ty
a pprova l s

De ve l op profi l e of cos t-e ffe cti ve VOC re ducti on opportuni ti e s for ke y s ource s i n UOG.

Developing emissions reductions opportunities through best
management practices, industry recommended practices or
standard operating practices. Certain air pollutants , s uch as volatile
organic com pounds (VOCs ), are difficult to m eas ure and control, and Best management practices, or industry recommended practices that effectively reduce
A12 - Nox Reduction for Fired Equipment in Upstream O&G via Burner Design and
are therefore not readily regulated or capped by governm ents . An
emissions of volatile organic compounds (VOCs) from sources that are difficult to measure (ie.,
Control
alternative policy m eas ure to hard caps is the developm ent and
equipment leaks, well clean-ups, etc).
deploym ent of codes of practices for m anaging and reducing of s uch
pollutants . Indus try requires inform ation on the potential for codes of
practices to effectively m anage and reduce em is s ions .

Identifying effective air emissions reduction opportunities currently
available to industry. For i ndus try to e va l ua te the i mpa ct of pote nti a l
pol i cy me a s ure s to control a i r pol l uta nts a nd gre e nhous e ga s e s , a nd
to me e t e s ta bl i s he d gove rnme nt re gul a ti ons a nd ta rge ts , i t i s
i mporta nt to ha ve a compre he ns i ve unde rs ta ndi ng of a l l e qui pme nt
pe rforma nce s ta nda rds a nd e mi s s i ons control te chnol ogi e s
a va i l a bl e to i ndus try. To a s s e s s the s ui ta bi l i ty of the e qui pme nt,
i ndus try re qui re s knowl e dge of the ove ra l l re ducti on pote nti a l a nd
cos t-e ffe cti ve ne s s . To tha t e nd, i ndus try s houl d a l s o unde rs ta nd the
tra de -offs a nd ful l l i fe -cycl e of e a ch te chnol ogy (i .e ., i ncre a s e d
col l a te ri a l e mi s s i ons s pe ci fi ca l l y GHG, ca rbon monoxi de a nd
unburne d hydroca rbons , fue l us a ge , from ga s fi re re ci proca ti ng
e ngi ne s , e tc) s o tha t a ne t e nvi ronme nta l be ne fi t i s a chi e ve d
through broa d te chnol ogi ca l de pl oyme nt.
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PUBLIC POLICY ISSUE

ASSOCIATED KNOWLEDGE GAP(S)

Reclamation effectiveness of native prairie

Reclamation effectiveness of wetlands

The role of predation in woodland caribou population declines. Predation is
recognized as the primary source of mortality, and the proximate
cause of population declines, in woodland caribou - but it is
Predator use of habitats and anthropogenic features in and around caribou ranges and effects
important to know which predators are preying on caribou and how?
of predation on caribou (adults females and males and calves) throughout the year
Wolves are thought to be the primary predators of caribou
throughout their range, but predation by bears and other predators
is unknown and may be significant.

The effectiveness of industrial footprint reclamation or functional
restoration. One of the primary challenges facing the oil and gas
industry is effectively returning a range of landscapes to predisturbance or design conditions.

Wildlife (including mammal, amphibian and bird) use of reclaimed habitats compared to predisturbed habitats

The effectiveness of mitigation activities. The oil and gas industry is
Wildlife (particularly ungulates and predators) use of seismic lines and other linear features
committed to mitigating negative environmental impacts wherever
possible. Mitigation specifically refers to measures identified to
avoid, minimize or remedy impacts to, in this case, natural
resources. These mitigation measures ideally lead to practical
Field monitoring and existing data review of wildlife responses to above-ground pipelines of
action to offset the adverse environmental impacts of oil and gas varying heights and effectiveness of wildlife crossing structures for maintaining wildlife
activity, however it is important that they be tested and proven to be movement around above-ground pipelines
effective in meeting their objective.
Field trials testing recently identified setback distances including a variety of disturbances and
industrial facilities with respect to wildlife responses to above-ground pipelines of varying
heights
Wildlife responses to oil and gas activity. The responses of wildlife
species to oil and gas activity vary, and relatively little information Field monitoring and existing data review in zones of influence and resultant setback distances
exists on causal mechanisms for these responses (i.e., are wildlife for a variety of oil and gas activities and a variety of wildlife species, particularly species at risk
activities simply correlated with oil and gas activity or are they
and species of management concern (eg. ungulates, bears)
actually a result of oil and gas activity versus some other factor).

RECOMMENDED PROJECTS

 Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou
Calves: Implications for Management – Craig DeMars, U of A

 Grizzly bears and pipelines: response to unique linear features (Year 2) –
Gordon Stenhouse, FRI
 The Role of Predation by Wolves and Bears in Caribou Declines in WestCentral Alberta – Marco Musiani, U of C

 Removing the Wellsite Footprint, Phase II: Wetland Reclamation – Terry
Osko, U of A
 Peatland Restoration of Abandoned Oil and Gas Well Sites – Hugh
Seaton, NAIT
 We Have a Reclamation Certificate, But is it Good Enough? Long-term
Reclamation Monitoring of Oil and Gas Footprints – Dan Farr, ABMI
 Long-term Revegetation Success of Industry Reclamation Techniques in
the Northern Fescue Natural Subregion – Jane Lancaster, Kestrel Research
Inc.
 Evaluating the Revegetation Success of Foothills Fescue Grassland – Jay
Woosaree, AITF
 We Have a Reclamation Certificate, But is it Good Enough? Long-term
Reclamation Monitoring of Oil and Gas Footprints – Dan Farr, ABMI

 Grizzly bears and pipelines: response to unique linear features (Year 2) –
Gordon Stenhouse, FRI

 We Have a Reclamation Certificate, But is it Good Enough? Long-term
Reclamation Monitoring of Oil and Gas Footprints – Dan Farr, ABMI

 Grizzly bears and pipelines: response to unique linear features (Year 2) –
Gordon Stenhouse, FRI

 A tool to assess cumulative effects of in-situ oil sands development on
biodiversity. – Jim Schieck, AITF & ABMI
 White-tailed Deer Distribution and Density in Alberta's Boreal Forest –
Jason Fisher, AITF

 Evaluating the Ecological Risk of Oil and Gas Development on
Ferruginous Hawks – Erin Bayne, U of A
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PUBLIC POLICY ISSUE

Ecosystem (and component) responses to oil and gas activity

Effectiveness of Industrial Footprint Reclamation

Effectiveness of Mitigation Activities

ASSOCIATED KNOWLEDGE GAP(S)
boreal woodland caribou behavioral responses to oil and gas developments
boreal woodland caribou calving habitat selection (predation risk)
boreal woodland caribou movement requirements within home ranges and herd boundaries
(dispersal, etc.)

RECOMMENDED PROJECTS

 Use of Anthropogenic Linear Features by Alternative Predators in
Woodland Caribou Range

 The Role of Predation in Woodland Caribou Declines in West-Central
Alberta (year 2)

predator use of anthropogenic features associated with oil and gas developments

 White-tailed Deer Distribution and Density in Alberta's Boreal Forest

ungulate, especially boreal woodland caribou, responses to above-ground pipelines (AGPs)

moose and deer use of anthropogenic features in and around in situ oil sands developments

 Grizzly Bears and Pipelines: Response to Unique Linear Features

 Disturbance Zones of Influence on Boreal Songbird Communities in
Northern Alberta
 Evaluating the Ecological Risk of Oil and Gas Development on
Ferruginous Hawks - Year 2

grizzly bear responses to oil and gas development
yellow rail presence, population parameters and responses to oil and gas development
fish and fish habitat responses to oil and gas development
amphibian responses to oil and gas development
characterization of wildlife zones of influence and effectiveness of associated setback
distances for oil and gas activities
Instream Flow Needs (IFN) of priority watercourses in regions of high intensity development

cumulative effects of oil and gas development

 Cumulative Effects Assessment: Predicting Direct and Indirect Effects of
Energy Developments
 Disturbance Zones of Influence on Boreal Songbird Communities in
Northern Alberta
 Evaluating the Ecological Risk of Oil and Gas Development on
Ferruginous Hawks - Year 2

 Removing the Wellsite Footprint - Phase II: Wetland Reclamation and
Extended Monitoring of Upland Phase
 Updated Industrial Revegetation Guidelines for the Mixed Grass Prairie
Natural Subregion

fate of hydrocarbons and contaminants in different ecosystems
effectiveness of wetland reclamation (function, habitat, hydrology) following a range of
disturbance types (both semi-permanent and more temporary disturbances) and on a range of
wetland types (permanent lakes and ponds, bogs, fens, peatlands)

 Evaluating the Revegetation Success of Foothills Fescue Grassland

 Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou
Calves: Implications for Management
 Use of Anthropogenic Linear Features by Alternative Predators in
Woodland Caribou Range

effectiveness of interim reclamation (minimizing operational footprint thru pace of
reclamation)
effectiveness of upland and forest reclamation on forested ecosites
effectiveness of natural vs managed reclamation of seismic lines of various widths, types and
habitats (i.e., when can a line come off the map?)
restoration of old-growth forest characteristics
Flora and fauna use of (and response to) reclaimed habitats compared to pre-/un-disturbed
habitats
effectiveness of tools to deter predator and primary prey use of seismic lines and other linear
features
use and effectiveness of artificial and anthropogenic structures for old-growth dependent
species (birds, mammals)
effectiveness of wildlife deterrents for oil and gas facilities, sites and features
effectiveness of water recycling and re-use technologies
effectiveness of human access control measures and strategies
effectiveness of surveys and predictions for rare plant occurrence and mitigation tools to
conserve rare plants
effectiveness of techniques to minimize presence of invasive species
effectiveness of mitigations for stream crossings by linear features
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PUBLIC POLICY ISSUE

ASSOCIATED KNOWLEDGE GAP(S)

Reclamation effectiveness of native prairie

Reclamation effectiveness of wetlands

RECOMMENDED PROJECTS

E09 - Removing the Wellsite Footprint

The role of predation in woodland caribou population declines. Predation is
recognized as the primary source of mortality, and the proximate
cause of population declines, in woodland caribou - but it is
Predator use of habitats and anthropogenic features in and around caribou ranges and effects E06 - Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou Calves:
important to know which predators are preying on caribou and how?
of predation on caribou (adults females and males and calves) throughout the year
Implications for Management
Wolves are thought to be the primary predators of caribou
throughout their range, but predation by bears and other predators
is unknown and may be significant.

The effectiveness of industrial footprint reclamation. One of the primary

The effectiveness of mitigation activities. The oil and gas industry is
commited to mitigating negative environmental impacts wherever
possible. Mitigation specifically refers to measures identified to
avoid, minimize or remedy impacts to, in this case, natural
resources. These mitigation measures ideally lead to practical
action to offset the adverse environmental impacts of oil and gas
activity, however it is important that they be tested and proven to be
effective in meeting their objective.

Wildlife (particularly ungulates and predators) use of seismic lines and other linear features
Field monitoring and existing data review of wildlife responses to above-ground pipelines of
varying heights and effectiveness of wildlife crossing structures for maintaining wildlife
movement around above-ground pipelines
Field trials testing recently identified setback distances including a variety of disturbances and
industrial facilities with respect to wildlife responses to above-ground pipelines of varying
heights

Wildlife responses to oil and gas activity. The responses of wildlife
species to oil and gas activity vary, and relatively little information Field monitoring and existing data review in zones of influence and resultant setback distances
exists on causal mechanisms for these responses (i.e., are wildlife for a variety of oil and gas activities and a variety of wildlife species, particularly species at risk
activities simply correlated with oil and gas activity or are they
and species of management concern (eg. ungulates, bears)
actually a result of oil and gas activity versus some other factor).

E05 - Grizzly Bear Response to Oil and Gas Development and Activities in Alberta.
E06 - Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou Calves:
Implications for Management. E07 - Effects of Oil and Gas Development on
Grassland Birds. E22 - Evaluating the Ecological Risk of Oil and Gas Development on
Ferruginous Hawks

E04 - When is reclamation success achieved, using the 2010 Reclamation Criteria as
challenges facing the oil and gas industry is effectively returning a
Wildlife (including mammal, amphibian and bird) use of reclaimed habitats compared to pre- a guide? E19 - Long Term Revegetation Success of Industry Reclamation Techniques
range of landscapes to pre-disturbance conditions.
disturbed habitats
for Native Prarie.
E21 - Evaluating the Revegetation
Success of Foothills Rescue Grassland
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2013 Soil Public Policy Issues and Knowledge Gaps

PUBLIC POLICY ISSUE

Additional Science for the Refinement of Regulatory
Guidelines/Directives/Policies/Criteria. The degree of cons erva tis m
current i n s ome regul a tory gui del i nes ca n be l i nked to s ome
unneces s a ry remedi a l efforts throughout the petrol eum i ndus try.
The devel opment of a ccepted s ci entifi c s tudi es to reduce thes e
cons erva tis ms woul d ul tima tel y l ea d to a reduction i n percei ved
wa s te goi ng to l a ndfi l l a nd a reduction i n remedi a l cos ts .

 Propos ed Thi rd Pa rty Revi ew for PTAC SAR Subs oi l Gui del i nes Project –
Mi l es Ti nda l , Mi l l enni um EMS Sol utions Ltd.

RECOMMENDED PROJECTS
 Development of EcoContact Soil Selenium Guideline - Tony Kna fl a ,

Devel opi ng ri s k ba s ed envi ronmenta l a s s es s ment a nd remedi a tion gui del i nes for Sel eni um a s
i t rel a tes to s ul pha te (a nd other toxi ci ty modi fi er) concentra tions i n s oi l .
Sodi um a nd Chl ori de toxi c effects don't a ppea r to be properl y repres ented by the current mg/kg
dry wei ght s ta nda rd for pea t s oi l s , movement towa rds a s ta nda rd on a wet wei ght (mg/L) ba s i s
ma y better repres ent a ctua l toxi c effects for pea t s oi l s .
Devel opment of ri s k-ba s ed envi ronmenta l a s s es s ment a nd remedi a tion gui del i nes for s ubs oi l
SAR bel ow the root-zone. Devel opment of gui da nce for i mpl ementa tion on a Ti er 1, Ti er 2,
a nd/or s i te-s peci fi c ba s i s .
Addi tiona l res ea rch requi red a round s etti ng a Fres h Wa ter Aqua tic Li fe cri teri a for Chl ori de,
s peci fi ca l l y l ooki ng a t the ha rdnes s a s a toxi ci ty modi fi er.
Devel opment of ri s k-ba s ed envi ronmenta l a s s es s ment a nd remedi a tion gui del i nes for s a l t
rel ea s es to mus keg a nd other wetla nd s etti ngs , a nd eva l ua tion of effective a nd a ppropri a te
remedi a tion s tra tegi es .

 Va pour Emi s s i ons from Ex-Si tu Remedi a tion – Ia n Mi tchel l , Meri di a n
Envi ronmenta l Inc.

ASSOCIATED KNOWLEDGE GAP(S)

Eva l ua tion of l i fe cycl e emi s s i ons of ex s i tu remedi a tion wi th a nd wi thout the us e of bi ofi l ters ,
i ncl udi ng cons i dera tion of the production a nd fa te of the bi ofi l ters ; a nd col l ection of emi s s i ons
da ta from ex s i tu trea tment of s oi l s tha t woul d otherwi s e requi re trea tment i n a Cl a s s I l a ndfi l l .

 Upda tes a nd Upgra des to Al berta Envi ronment Subs oi l Sa l i ni ty Tool (SST)
Softwa re a nd Ma nua l – Tony Kna fl a , Equi l i bri um Envi ronmenta l Inc.

 A ra pi d bi oa s s a y for predi cting toxi ci ty of PHC-conta mi na ted s oi l (Pha s e 3)
of 3 - John As hworth, ALS Envi ronmenta l
 Devel opment of a Ti er 2 SSRO Deri va tion Proces s Beyond the Pa s s /Fa i l
Approa ch (Pha s e 2) - Gl a dys Stephens on, Sta ntec Cons ul ting
 Us i ng La bora tory Sa tura tion Percenta ges to Es tima te Soi l Texture - Tony
Kna fl a , Equi l i bri um Envi ronmenta l Inc.
 Devel opment of a Ti er 2 SSRO Deri va tion Proces s Beyond the Pa s s /Fa i l
Approa ch (Pha s e 2) - Gl a dys Stephens on, Sta ntec Cons ul ting

 A ra pi d bi oa s s a y for predi cting toxi ci ty of PHC-conta mi na ted s oi l (Pha s e 3)
of 3 - John As hworth, ALS Envi ronmenta l

 Upda tes a nd Upgra des to Al berta Envi ronment Subs oi l Sa l i ni ty Tool (SST)
Softwa re a nd Ma nua l – Tony Kna fl a , Equi l i bri um Envi ronmenta l Inc.

 Development of risk-based soil quality guidelines for selected trace
metals – Ia n Mi tchel l , Meri di a n Envi ronmenta l Inc.

 Development of a Reduced Analytical Suite of Upstream Oilfield Metals
for Groundwater Monitoring – Mi l es Ti nda l , Mi l l enni um EMS Sol utions Ltd.

 FWAL Chlorides - Tony Kna fl a , Equi l i bri um Envi ronmenta l Inc.

Equi l i bri um Envi ronmenta l Inc.

Devel opment of ri s k-ba s ed envi ronmenta l a s s es s ment a nd remedi a tion gui del i nes for s ubs oi l
SAR bel ow the root-zone. Devel opment of gui da nce for i mpl ementa tion on a Ti er 1, Ti er 2,
a nd/or s i te-s peci fi c ba s i s .
Devel opment of a protocol for s oi l texture dependent gui del i nes to l i mi t the a ppl i ca tion of s oi l
eco-conta ct gui del i nes i n s ubs oi l ba s ed on tree rooting depths i n the green zone of Al berta .
Pl a nt s peci es s ens i tivi ty to petrol eum hydroca rbons
Fi el d Studi es / Da ta Col l ection tha t a ddres s es Pl a nt s peci es s ens i tivi ty to petrol eum
hydroca rbons a t depths bel ow 1.5m.
Refi nement or devel opment of ri s k-ba s ed s oi l qua l i ty gui del i nes for s el ected tra ce meta l s (eg.
Mol ybdenum, a ntimony, beryl l i um, a nd coba l t).

Devel opment of s ul pha te s oi l qua l i ty a nd remedi a tion gui del i nes - eva l ua tion of na tura l s a l t
di s tri bution, fa te a nd tra ns port (f&t) a fter redi s tri bution, s ul pha te, tra ns port model i ng, toxi ci ty
eva l ua tion for the deri va tion of cri teri a for the protection of pota bl e wa ter, FAL, huma n hea l th
Natural versus anthropogenic Impacts. Na tura l concentra tions of certa i n (i nges tion), wi l dl i fe/l i ves tock i nges tion a nd eco-s oi l conta ct expos ure pa thwa ys , i ncl udi ng
el ements exceedi ng or contri bute to a n exceedi ng pa ra meter
ha rmoni za tion of rooting zone el ectri ca l conductivi ty (SCARG) cri teri a .
i dentifi ed i n current regul a tory gui del i nes ca n ca us e el eva ted
Cons truction of a n i ndus try wi de, vol unta ry da ta i nput, geos pa tia l s peci fi c (GIS us a bl e) da ta
remedi a tion a nd recl a ma tion cos ts tha t, wi th proper eva l ua tion,
ba s e to hous e ba ckground s a l i ni ty a nd meta l s da ta i n s oi l .
coul d be reduced i f they ca n be di fferentia ted from a nthropogeni c
Upda te a nd devel opment of ri s k-ba s ed, s oi l qua l i ty a nd remedi a tion gui del i nes for boron
i mpa cts
i ncl udi ng both a gri cul tura l (mi nera l ) s oi l s a nd mus keg/pea t (orga ni c) s oi l s . Eva l ua tion of
di fferent a na l ytica l methodol ogi es to a i d di s tingui s hi ng between na tura l a nd a nthropogeni c
boron i mpa cts . Eva l ua tion of current Al berta boron i rri ga tion gui del i ne compa red to other
Ca na di a n a nd i nterna tiona l gui del i nes .
Petrol eum hydroca rbon i n fra ctured bedrock - effective remedi a l methods , a s s oci a ted ri s ks ,
a s s es s ment effectivenes s a nd rel eva nce to envi ronmenta l ri s k.

Devel opment of pra ctica l fi el d s creeni ng techni ques to reduce cos t a nd time for s i te
i nves tiga tions i n s upport of ri s k a s s es s ment.

Devel opment of pra ctica l remedi a l options for petrol eum hydroca rbons , s a l i ni ty, a nd meta l s
i mpa cts i n wetla nd envi ronments .
Effective i n-s i tu/ex-s i tu groundwa ter trea tment s ys tem(s ) for petrol eum hydroca rbon a nd
s a l i ni ty i mpa cted s i tes
Appl i ca tion of di fferent mea s ures of bi oa va i l a bi l i ty to s upport the deri va tion of ri s k-ba s ed (Ti er
2) remedi a l benchma rks for PHC conta mi na ted s i tes .

Reclamation and remediation technology advancement. Hi gh recl a ma tion Cons truction of a Remedi a l Technol ogi es Deci s i on Ma tri x.
a nd remedi a tion cos ts need to be mi tiga ted or reduced by the
devel opment of new technol ogi es .

Risk Assessment Cost Reduction. Identify a rea s where the boa rd
a ppl i ca tion of ri s k a s s es s ment s tra tegi es ma y reduce the requi red
ma na gement/remedi a tion efforts .

Devel opment a nd refi nement of s oftwa re tool s to a i d i n the s ta nda rdi zed a ppl i ca tion of Ti er 2
gui del i nes us i ng a ppropri a te s i te-s peci fi c da ta .
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PUBLIC POLICY ISSUE

Additional Science for the Refinement of Regulatory
Guidelines/Directives/Policies/Criteria. The degree of conservatism
current in some regulatory guidelines can be linked to some
unnecessary remedial efforts throughout the petroleum industry.
The development of accepted scientific studies to reduce these
conservatisms would ultimately lead to a reduction in perceived
waste going to landfill and a reduction in remedial costs.

ASSOCIATED KNOWLEDGE GAP(S)
Development of risk-based environmental assessment and remediation guidelines for salt
releases to muskeg and other wetland settings, and evaluation of effective and appropriate
remediation strategies.
Evaluation of life cycle emissions of ex situ remediation with and without the use of biofilters,
including consideration of the production and fate of the biofilters; and collection of emissions
data from ex situ treatment of soils that would otherwise require treatment in a Class I landfill.
Development of risk-based environmental assessment and remediation guidelines for subsoil
SAR below the root-zone. Development of guidance for implementation on a Tier 1, Tier 2,
and/or site-specific basis.
Refinement or development of risk-based soil quality guidelines for selected trace metals (eg.
Molybdenum, antimony, beryllium, and cobalt).
Development of a protocol for soil texture dependent guidelines to limit the application of soil
eco-contact guidelines in subsoil based on tree rooting depths in the green zone of Alberta.
Plant species sensitivity to petroleum hydrocarbons

Field Studies / Data Collection that addresses Plant species sensitivity to petroleum
hydrocarbons at depths below 1.5m.
Lack of a closure mechanism for risk-managed sites. Currently, there is no mechanism for
companies to receive closure on a site that is being risk-managed for contamination. AENV
should evaluate and, if appropriate, develop a process to enable a closure mechanism for riskmanaged sites that ensures landowners do not take on additional liabilities. The studies
would support potential policy change rather than refine current policy.
Development of sulphate soil quality and remediation guidelines - evaluation of natural salt
distribution, fate and transport (f&t) after redistribution, sulphate, transport modeling, toxicity
evaluation for the derivation of criteria for the protection of potable water, FAL, human health
Natural versus anthropogenic Impacts. Natural concentrations of certain (ingestion), wildlife/livestock ingestion and eco-soil contact exposure pathways, including
elements exceeding or contribute to an exceeding parameter
harmonization of rooting zone electrical conductivity (SCARG) criteria.
identified in current regulatory guidelines can cause elevated
Construction of an industry wide, voluntary data input, geospatial specific (GIS usable) data
remediation and reclamation costs that, with proper evaluation,
base to house background salinity and metals data in soil.
could be reduced if they can be differentiated from anthropogenic Update and development of risk-based, soil quality and remediation guidelines for boron
impacts
including both agricultural (mineral) soils and muskeg/peat (organic) soils. Evaluation of
different analytical methodologies to aid distinguishing between natural and anthropogenic
boron impacts. Evaluation of current Alberta boron irrigation guideline compared to other
Canadian and international guidelines.
Application of different measures of bioavailability to support the derivation of risk-based (Tier
2) remedial benchmarks for PHC contaminated sites.
Risk Assessment Cost Reduction. Identify areas where the board
Development of practical field screening techniques to reduce cost and time for site
application of risk assessment strategies may reduce the required
investigations in support of risk assessment
management/remediation efforts.
Development and refinement of software tools to aid in the standardized application of Tier 2
guidelines using appropriate site-specific data
Petroleum hydrocarbon in fractured bedrock - effective remedial methods, associated risks,
assessment effectiveness and relevance to environmental risk.
Reclamation and remediation technology advancement. High reclamation Construction of a Remedial Technologies Decision Matrix.
and remediation costs need to be mitigated or reduced by the
development of new technologies.
Development of practical remedial options for petroleum hydrocarbons, salinity, and metals
impacts in wetland environments.
Effective in-situ/ex-situ groundwater treatment system(s) for petroleum hydrocarbon and
salinity impacted sites

RECOMMENDED PROJECTS

 Vapour Emissions During Ex Situ Remediation Activities: Model
Calibration, Evaluation of Biofilters, and Screening Tool Development

 Implementation of Subsoil Sodium Adsorption Ratio Guidelines into the
Alberta Environment Subsoil Salinity Tool

 Validation of Petroleum Hydrocarbon Stratified Remediation Subsoil
Criteria
 Validation of Petroleum Hydrocarbon Stratified Remediation Subsoil
Criteria

 Eco-Toxicity of Sulphate Relative to Chloride

 GIS Background Metals and Salinity Database Phase I

 Synthesis of Boron Plant Toxicity Data, Irrigation Data, and Fate and
Transport Modeling to Generate Boron Guideline Recommendations for
Soil and Groundwater

 Alternative Process for Developing a Tier 2 SSRO
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PUBLIC POLICY ISSUE

Additional Science for the Refinement of Regulatory
Guidelines/Directives/Policies/Criteria. The degree of conservatism
current in many regulatory guidelines can be attributed to many
unnecessary costs associated with remedial efforts throughout the
petroleum industry, therefore there is a need for the development of
accepted scientific studies to reduce these conservatisms

Natural versus anthropogenic Impacts. Natural concentrations of certain
elements exceeding or contribute to an exceeding parameter
identified in current regulatory guidelines can cause elevated
remediation and reclamation costs that, with proper evaluation,
could be reduced if they can be differentiated from anthropogenic
impacts

Risk Assessment Cost Reduction. Identify areas where the board
application of risk assessment strategies may reduce the required
management/remediation efforts.

Application of different measures of bioavailability to support the
derivation of risk-based (Tier 2) remedial benchmarks for PHC
contaminated sites.

Reclamation and remediation technology advancement. High reclamation
and remediation costs need to be mitigated or reduced by the
development of new technologies.

ASSOCIATED KNOWLEDGE GAP(S)
Development of risk-based environmental assessment and remediation guidelines for salt
releases to muskeg and other wetland settings, and evaluation of effective and appropriate
remediation strategies.
Refinement of risk-based soil quality and remediation guidelines for petroleum hydrocarbon F2
and the eco-contact pathway.
Plant species sensitivity to petroleum hydrocarbons
Field Studies / Data Collection that addresses Plant species sensitivity to petroleum
hydrocarbons at depths below 1.5m.

RECOMMENDED PROJECTS

S01 - Enhanced Reclamation using Plant Growth Promoting Rhizobacteria in the
Green Zone.
S15 - Crop Response to Excessive Root Zone
Contamination with Petroleum Hydrocarbons Under simulated Drought

S16 - Utilizing Carbon Ranges, Unresolved Complex Mixtures and Carbon

S11 -Plant Toxicity Study for Boron in Peat/Muskeg Ecosystems

Development of sulphate soil quality and remediation guidelines - evaluation of natural salt
distribution, fate and transport (f&t) after redistribution, sulphate, transport modeling, toxicity
S13 - Sulfate Adsorption and Desorption Properties of Alberta Soils and Their
evaluation for the derivation of criteria for the protection of potable water, FAL, human health
Relevance to Transport Properties and Leaching /Redistribution Rates
(ingestion), wildlife/livestock ingestion and eco-soil contact exposure pathways, including
harmonization of rooting zone electrical conductivity (SCARG) criteria.
Update and development of risk-based, soil quality and remediation guidelines for Boron.

Hydrocarbons in Soils Contaminated with Heavy Petroleum Products

Development of defensible laboratory methodologies that can differentiate between biogenic
Prefereence Index Signatures as a New Tool for Quantifying Biogenic vs. Petrogenic
and petrogenic hydrocarbon constituents.

S04 - Application of Different Measures of Bioavailability to Support the Derivation
of Risk-based (Tiers 2 or 3) Remedial Benchmarks for PHC-contaminated Sites.
S06 - Simplified Microtox Bioassay Procedure for Drilling Waste Testing.
Application of different measures of bioavailability to support the derivation of risk-based (Tier
S07 - A Rapid Bioassay for Predicting Toxicity of PHC0Contaminated Soil.
2) remedial benchmarks for PHC contaminated sites.
S12 - Synthesis of SAR/Hydraulic Conductivity Data from Multiple Column Studies
Coupled with Three-Dimensional Transport Modeling to Support Framework for
Subsoil SAR Guidelines
Assessment of environmental significance in context of ambient air quality of PHC vapour
migration (volatilization) during ex situ remediation activities, coupled with impact on cost
using vapour capture (via system) and vs. reliance on off-site landfill disposal - overall net
environmental benefit and economic considerations. Taking into account CoC (NOx, SOx, CO2, CO,
VOC, particulate) emissions.
Develop a database in concert with ESAR to house background soil and groundwater
information.
Petroleum hydrocarbon in fractured bedrock - effective remedial methods, associated risks,
assessment effectiveness and relevance to environmental risk.
Construction of a Remedial Technologies Decision Matrix.
Development of practical remedial options for petroleum hydrocarbons, salinity, and metals
impacts in wetland environments.
Best method to remove barium from shallow groundwater associated with Alberta clay tills,
expected time frame and unit costs of such remediation, i.e 5 mg/L Ba in a plume 10 m by 25 m /
removal ( degradation rate ##/ year/ cost of technology per year.

188

2013 Water Public Policy Issues and Knowledge Gaps

ASSOCIATED KNOWLEDGE GAP(S)

RECOMMENDED PROJECTS

 Integrated Assessment of Water Resources for Unconventional Oil and
Gas Plays, West-central Alberta – Brad Hayes, Petrel Robertson Consulting
Ltd.
 Develop and Implement a Program to Monitor Potential Physical and
Chemical Changes to Potable (shallow) Groundwater in Area of Shale
Gas/Tight Oil Development – RFP

PUBLIC POLICY ISSUE
There are dozens of regulations in place to protect groundwater resources during all stages of
Protection of groundwater quality and quantity during development of
shale gas, tight gas and tight oil development. However there is little field monitoring to
unconventional oil and gas resources in the Western Canadian Sedimentary support the understanding that these regulated practices are sufficient to protect local
Basin.
groundwater. Supports CAPP Hydraulic Fracturing Operating Practice #3: Baseline Groundwater
Testing.

 Integrated Assessment of Water Resources for Unconventional Oil and
Gas Plays, West-central Alberta – Brad Hayes, Petrel Robertson Consulting
Ltd.
 Understanding the Impact of Permafrost on the Prediction of Water
Availability in the Horn River Basin - Wilfred Laurier, Centre for Cold
Regions Research
 Saline Water Treatment Feasibility - Phase 3 – Ian Mitchell, Millennium
EMS Solutions

Assessment of alternate sources of water for unconventional oil and gas
development considering the entire life cycle.

Upcoming amendments to the Water Conservation and Allocation Policy/Guideline for Oilfield
Injection will likely include additional requirements for proponents to consider when applying
for licenses to use non-saline water. One of these requirements is likely to complete an
environmental net effects assessment of the various water source alternatives. There are no
assessment tools developed to complete this evaluation. Supports CAPP Hydraulic Fracturing
Operating Practice #5: Water Sourcing, Measurement and Reuse.
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PUBLIC POLICY ISSUE

ASSOCIATED KNOWLEDGE GAP(S)

Three ba s i c wa ter s ources for i ndus tri a l us e i ncl ude: s urfa ce wa ter, s ha l l ow groundwa ter a nd
deep groundwa ter. For mos t a rea s , there a re va ri ous da ta ga ps i nhi bi ti ng a va i l a bl e wa ter
i nventori es . In key conventi ona l ga s pl a y a rea s , underta ke regi ona l a s s es s ments of wa ter
Regional surface water and groundwater baseline information and
i nventori es ba s ed on a va i l a bl e da ta ; defi ne da ta ga ps ; a nd i denti fy mecha ni s ms to fi l l ga ps .
inventories
E.g., from BC's Montney wa ter project.
Conduct ta rgeted a qui fer ma ppi ng i n key s ha l e ga s /ti ght oi l devel opment a rea s . As s es s s ta tus
of a qui fer cl a s s i fi ca ti on; i f wa rra nted, upda te or compl ete wi th l a tes t a va i l a bl e i nforma ti on
(e.g., new wa ter wel l da ta ).
Conduct rea l ti me a qui fer moni tori ng/tes ti ng from ei ther s urroundi ng wa ter wel l s , obs erva ti on
wel l s or s peci fi ca l l y i ns ta l l ed obs erva ti on wel l s . Da ta col l ected coul d/woul d i ncl ude a qui fer
Groundwater quantity/quality impacts from shale gas completion processes
res pons e, wa ter a va i l a bi l i ty, etc. Wa ter s a mpl es coul d/woul d be col l ected before/duri ng/a fter
compl eti on proces s es to determi ne wha t, i f a ny, i mpa cts a re occurri ng.
Pha s e 2 of 2011 Hydra ul i c Fra cturi ng Ri s k Study, to be determi ned.
Study of wa s tewa ter di s pos a l i mpa ct on s ource a qui fers .
Expa nd groundwa ter obs erva ti on wel l network i n Hors es hoe Ca nyon fa i rwa y.

Effectiveness of constructed wetlands for contaminant removal

Devel op methodol ogy for a s s es s i ng cumul a ti ve effects of oi l a nd ga s a cti vi ty (a nd other us es ) i n
a wa ters hed.

Conduct a ppl i ed res ea rch on conta mi na nt remova l (e.g., produced wa ter, conta mi na ted wa ter)
us i ng cons tructed wetl a nds

Bui l d on the 2011 Fra c Wa ter Recycl i ng Technol ogi es Fea s i bi l i ty Study to i denti fy a cti ons tha t
Protection of regional surface and groundwater resources in unconventional
i ncrea s e the s peed of i nnova ti on for wa ter trea tment. Expl ore how to cros s -pol l i na te efforts
play areas
a cros s s ervi ce s ector compa ni es , producers , the wa s te ma na gement s ector a nd a ca demi c
res ea rch centres .
Appl y the res ul ts of the 2011 Fra c Wa ter Recycl i ng Technol ogi es Fea s i bi l i ty Study to a ctua l
fl owba ck to demons tra te the us e of hi gher s a l i ni ty fl owba ck. Thi s woul d be a ccompl i s hed by
runni ng fi el d tes ts on a ctua l fl owba ck from s evera l l oca ti ons .
Inves ti ga ti on i nto green bi oci des for hydra ul i c fra cturi ng. Servi ce provi ders norma l l y provi de the
bi oci des us ed i n hydra ul i c fra cturi ng. Opera tors s houl d ha ve a n unders ta ndi ng of the di fferent
bi oci des a va i l a bl e s o tha t they ca n encoura ge or requi re s ervi ce provi ders to us e green
bi oci des . Scope of work woul d i ncl ude i denti fi ca ti on a nd eva l ua ti on of bi oci des , wi th a n
empha s i s on green a l terna ti ves , whi ch a re a l s o s ui ta bl e for hi gh s a l i ni ty envi ronments .
Inves ti ga ti on i nto green corros i on i nhi bi tors for hydra ul i c fra cturi ng. Opera tors s houl d ha ve a n
unders ta ndi ng of the di fferent corros i on i nhi bi tors a va i l a bl e s o tha t they ca n encoura ge or
requi re s ervi ce provi ders to us e green corros i on i nhi bi tors . Scope of work woul d i ncl ude
Public concern regarding the persistence and toxicity of ingredients in frac
i denti fi ca ti on a nd eva l ua ti on of corros i on i nhi bi tors , wi th a n empha s i s on green a l terna ti ves ,
fluids
whi ch a re a l s o s ui ta bl e for hi gh s a l i ni ty envi ronments .
Devel op s tra tegy for di s cl os ure of fra c fl ui d components for Wes tern Ca na da . Fra c compos i ti on
di s cl os ure regul a ti ons ha ve been a dopted i n s evera l s ta tes i n the USA a nd wi l l l i kel y be
requi red by Quebec. The project wi l l defi ne a vol unta ry di s cl os ure progra m.
One of the cha l l enges i s mea s uri ng NORMs . The a na l yti ca l methods norma l l y recommended for
s ome NORMs a re i ntended for wa ter wi th a TDS of l es s tha n 500 mg/l . The goa l of thi s s tudy
woul d be to i denti fy the a ppropri a te a na l yti ca l techni ques a nd reporti ng for hi gh s a l i ni ty
fl owba ck wa ter.
Compa re i ndus try's wa ter us e to tha t of other us ers i ncl udi ng muni ci pa l i ti es , a gri cul ture,
Public perception of industry's use of water
commerci a l a nd other i ndus tri es for three of the ma jor wa ters heds i n Al berta ; i .e., Atha ba s ca ,
South Sa s ka tchewa n a nd Red Deer ba s i ns .
Purs ue a s urfa ce l a nd footpri nt a na l ys i s for a modera tel y-s i zed wa ters hed us i ng a na l ys i s of
a eri a l photogra phy over ti me. Wha t % of l a nd us e i s oi l a nd ga s vers us other l a nd us es ?
Compa re one to three wa ters heds .
Water footprint
As s es s the type of l a nd us e i n Al berta (i ncl udi ng conventi ona l oi l & ga s , s ha l e ga s , a nd oi l
s a nds , a s wel l a s others s uch a s a gri cul ture, muni ci pa l i ti es , etc.) a nd a qua l i ta ti ve ra nki ng of
thei r effects on wa ter qua l i ty a nd qua nti ty.
Sus ta i na bl e res ource ma na gement deci s i on-ma ki ng requi res di vers e i nforma ti on. Compa ri ng
energy s ources requi res more compl ete da ta a bout emi s s i ons a nd wa ter cons umpti on on per
uni t energy ba s i s . Devel op compa ri s on fi gures of wa ter us e per energy uni t for a broa d
s pectrum of energy s ources .
Eva l ua ti ng the tra deoffs between fres h wa ter a nd greenhous e ga s es /the energy ba l a nce of
Water consumption/emissions per unit of production
va ri ous trea tment technol ogi es ; i .e., wha t i s the “ca rbon” cos t of us i ng a gi ven qua l i ty of wa ter,
a s s umi ng a gi ven trea tment mecha ni s m?
The va l ue genera ti on of wa ter us ed for va ri ous i ndus tri es i n Al berta on a per uni t of producti on
ba s i s
The a mount of wa ter (m3 wa ter/boe) on a wel l s -to-wheel s ba s i s for the ma i n fuel s ources i n
North Ameri ca .
Conduct a n IFN s tudy on a s ma l l , medi um a nd l a rge ri ver cours e i n a wa ters hed wi th oi l & ga s
a cti vi ty (e.g., Red Deer, North Sa s ka tchewa n, Cl ea rwa ter or Ba ttl e Ri ver Ba s i ns ) to moni tor
s ea s ona l cha nges i n: 1) s trea m wa ter l evel s a nd fl ow ra tes , 2) ri pa ri a n wa ter l evel s , a nd 3) fi s h
Instream flow needs to ensure aquatic ecosystem health
popul a ti on a nd other a qua ti c bi ota . The overa l l objecti ve woul d be a deci s i on-ma ki ng tool for
wa ter ma na gement, by determi ni ng a ppropri a te wa ter extra cti on vol umes tha t a re protecti ve of
the a qua ti c ecos ys tem. Thi s ma y i nvol ve a ri s k-ba s ed a pproa ch, tha t a cknowl edges the
uncerta i nty i n both the hydrol ogy a nd bi ol ogy.

Assessment of cumulative effects in a watershed

RECOMMENDED PROJECTS

 Regi ona l Groundwa ter As s es s ment Moni tori ng

 Ta rgeted Regi ona l Wa ter Inventory Project (TRWIP) i n Al berta 's Key
Unconventi ona l Oi l a nd Ga s Area s

 As s es s ment of the Ri s ks of Hydra ul i c Fra cturi ng - Pha s e 2

 Sus ta i na bl e Fra c© Wa ter a nd Produced Wa ter Trea tment a nd Recycl ePha s e-2 Pi l ot Tes ti ng

 Fra cturi ng Fl ui d Addi ti ve Ri s k As s es s ment a nd Sel ecti on Tool

 Fra cturi ng Fl ui d Addi ti ve Ri s k As s es s ment a nd Sel ecti on Tool

 Sus ta i na bl e Fra c© Wa ter a nd Produced Wa ter Trea tment a nd Recycl ePha s e-2 Pi l ot Tes ti ng
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PUBLIC POLICY ISSUE
Water Well Testing Prior to Drilling (related to Point 1)
Socioeconomic Study of the Public's Perception of Industry's Water Use.
Assessment of Risks to Shallow Groundwater from the Drilling and
Completion of Oil and Gas Wells
Water Use by Industry (Saline and Non-saline)

Assessment of Risks of Hydraulic Fracturing

Frac Water Recycling Technologies Feasibility Study

ASSOCIATED KNOWLEDGE GAP(S)
Review of pre-drilling water well testing in different jurisdictions, appropriateness of using
domestic wells as sampling points (i.e. are the results an appropriate representation of the
water quality in the aquifer ?)
Study of comparison of the benefits (social and economic) to Alberta on the basis of water
use/boe, water use / surface area footprint?
Compilation of available information in Alberta Basin on documented incidents of groundwater
impact from drilling and completions
An examination of the considerations necessary (effort/expense) involved in converting to
saline water source for use in EOR injection particularly given the age of some of the fields
Groundwater characterization using geophysics focusing on salinity
Review of frac fluid composition, quantity and risks of use. Compare risks associated with shale
gas projects in Canada (BC, AB, QC, etc.) versus previous US projects, considering the different
geology, regulations and practices.
Conduct a feasibility study (i.e., literature review) on the different technologies available for
water recycling and reuse. Assess what each technology treats, its effectiveness and its
limitations.

RECOMMENDED PROJECTS

W22 - Direct and Indirect Environmental Risks of Hydraulic Fracturing and
Associated Additives

W03 - Frac Water Recycling Feasibility Study and Decision Tool.
W19 - Sustainable Frac-Water & Produced Water Treatment & Recycle
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AUPRF Summary of Accomplishments
Air Projects

Project Title

Impact on the Industry

Smart Policies and Regulations

Best Practices for Field Application

Development of N2O Emission Factors for UOG Fired Equipment

Efficiency and Emissions of Flares Burning Non-Hydrocarbon Aerosols in the Flare
Stream

Cost reductions through access to better
data for planning and approvals of new
development.

Results will ultimately enable
improved environmental
performance through science-backed
best operating practices, cost
reductions through access to better
data for planning and approvals of
new development, and more
Results will ultimately enable improved
effective regulation through
environmental performance through
reduction of limiting knowledge gaps science-backed best operating practices.

Investigation of the characteristics of ultrafine particles for improved PM emission
factor reporting for flares.

Expected outcome: improved
environmental performance by enabling
management decisions based on realistic
emission data, cost reduction through
simplified reporting requirements.

PM is a criteria for air contaminant reliable emission factors are critical Strengthened operations management
inputs for air quality modelling which with access to defensible emissions data
impacts permitting of facilities.
not previously available.

The study provides information that will
allow industry to operate their facilities
efficiently by better benzene emissions
control. By AER acceptance of the model,
it is expected that the model can reduce
the on-site testing frequency, hence
improve the workers safety. The tool is
expected to reduce cost due to use of the
developed model rather than costly annual
testing.
The project results are expected to
Less time and effort to run model than
change the reporting requirements of
actually conducting field test every year. AER directive 039. i.e. benzene
Development of a Model to Predict Benzene Emissions from Glycol Dehydrators with
emissions reporting based on
Condensation Tanks
modelling vs. actual field test.
Provides science to support discussions
with Environment Canada on reporting of
Gap Analysis for the Stationary Combustion Filterable and Condensable Particulate
emissions of condensable particulate
Updating Environment Canada's
matter.
Matter Emissions Factors
guidelines and regulations
Will provide science to better
understand what possible effects
Cost reduction and environmental
these fluids may have on ground
Emissions from Flares with Non-hydrocarbon Liquids in the Flare Stream
performance
water and air quality.

Understanding and Improving Management of VOCs from the Upstream Oil and Gas
Industry

Outcome of project will inform science for
discussions with Environment Canada
regarding VOC emissions regualtions.

Science will support updating
guidelines and regulations

Acheivement
Best Practice: Identifies sub-optimal combustion conditions that
should be managed to reduce N20

Best management practice - Better planning and effective
regulations through reduction of carry over of non-hydrocarbon
constituents

Best management Practice - Improved environmental performance
and cost reductions through simplified reporting requirements.

It is expected that the model can reduce
the on-site testing frequency, hence
improve the workers safety.

Best management practice - Tool developed to assess condensor
removal effiency. Potenital changes to AER directive 039.

Identification of new measurement
methods that could be better than
estimation

Knowledge expansion - emissions of condensable particulate
matter and update to applicable emissions factors

Will provide better undertanding of what
effects flaring substances have on flare
efficiency or gas particle phase emissions.

Knowledge expansion - environmental performance and better
science on what effects flaring substances have on flare efficiency.
Cost savings to Industry

Phase II Non-Routine Flaring Modeling Tool Development

Knowledge expansion on updating guidelines and regulations
Knowledge expansion - to support defensible decisions in
regulatory development.
Knowledge expansion - new emission factor data that should help
clarify many of the controversial data issues
Best management practice - test method developed, a generalized
sky-LOSA algorithm to more accurately quantify soot. Knowledge
expansion on carbon emissions
Best management practice for Regulators - CALPUFF model
developed for unique Alberta-specific algorithms around routine
and non-routine flaring

Practical Defensible PM 2.5 Emission Factors for Flares

Best management Practice - Improved environmental performance
and cost reductions through simplified reporting requirements.

Evaluation of Convective Mixing Losses in Aboveground Storage Tanks

Knowledge expansion - better measurement of evaporation losses

Evaluation of Emissions in the Upstream Oil and Natural Gas Industry
Evaluation of Air Emissions Associated with Hydraulic Fracturing

Field Measurement of Black Carbon Emissions from Flares

192

Increased environmental performance, CSR

AUPRF Summary of Accomplishments
Air Projects

Project Title

Impact on the Industry

Smart Policies and Regulations

Best Practices for Field Application

it would gain a better understanding of the
amount and type of atmospheric emissions
from heated heavy oil storage tanks.
It would develop an understanding of the
peak instantaneous emission rates. This
information is needed to conduct air quality
assessments; especially when evaluating
the potential for odours.
It would determine the optimum operating
temperature for maintaining a reasonable
product viscosity and reducing atmospheric
Development of Improved Emission Factors and Speciation Data for Heated Heavy Oil emissions methane, odour causing
Storage Tanks
compounds and air toxics.

Photolytic Degradation of BTEX from the Oil and Gas Industry

Development of Novel Method to Detect and Locate Fugitive Emissions

Best management practice - optimum operating temperature
determined for maintaining a reasonable product viscosity and
reducing atmospheric emissions methane, odour causing
compounds and air toxins

knowledge expansion - potential for further
reductions of benzene emissions.
Designed to develop and test fugitive
emissions detection and location
algorithms.

Potential new technology development.

Knowledge expansion on innovative destruction techniques with
the potential for technology development.

Potential new technology development.

Knowledge expansion with potential for new technology
development.
Best management Practice - Improved environmental performance
and cost reductions through simplified reporting requirements.
Knowledge expansion - Identying other material sources of
benzene that may need to be controlled through new regulatory
requirements.
Best management practice to be determined in 2015

Improved Emissions Factors for Particulate Matter (PM) from Flares

Identifying all Sources of Benzene at UOG Sites/Facilities
Evaluation of GHG Emissions from Crude Oil and Condensate Storage Tanks

Improved Flare Source Parameters for CALPUFF and AERMOD Dispersion Models

Acheivement

Sophisticated analysis has only be available Codes currently being reviewed by
to very few until now, the results are free AER and will be freely available to the Development of new analytic tool and
and expected to be widely used.
public and industry.
granting free access to industry

Best management practice for Industry - New analytic tool
developed with free access to Industry.

Development of Novel Method to Detect and Locate Fugitive Emissions

Knowledge expansion - On mercury concentrations (observed that
most samples was below the detection limit)
Best management practice - new technology development for
remote sensing of V0C emissions and quicker ability to respond to
leaks

Continued Development of Numerical Simulation of a Sour Gas Flare

Knowledge expansion - Proof of concept for a flare simulation of
tool. Not deemed necessary by industry at this time.

Mercury and Heavy Metals Project

Gaseous Fuel Mixture Effects on Total Soot Yield from Flares

The result were incorporated to
regulations including directive 60

GHG Emissions and Reductions from Solution Gas Flares in Alberta

The result were incorporated to
regulations including directive 60

Catalytic Combustion for the Elimination of Methane, BTEX and Other VOC

Led to changes in directive 39

Best management paractice for Regulators - Directive 60 updated.

Best management paractice for Regulators - Directive 60 updated.
Knowledge expansion - Proof of concept with potenital changes to
directive 39.

Quantification of Soot Emissions from
Flares - Phase 2

Knowledge expansion - Science to support measuring,modeling,
predicting, and accurately reporting PM emissions

Human Neurobehavioural Effects of H2S
(continuation/completion)

Knowledge expansion - Updating human exposure data for the
potential of change the Ambient Air Quality Objectives for H2S

Catalytic Combustion for the Elimination of Methane, BTEX and Other VOC

Led to changes in directive 39

Best management paractice for Regulators - Directive 39 updated.

Field Compatible Measurement of Flare Efficiency and Emissions

Led to changes in directive 60

Best management paractice for Regulators - Directive 60 updated.

Catalytic combustion for the elimination of methane, BTEX and other VOC.
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Knowledge expansion - science to examine the effectiveness and
feasibility of using catalytic combustion technology

AUPRF Summary of Accomplishments
Air Projects

Project Title

Impact on the Industry

Resolving Air Flow over Elevated Terrain to Improve Dispersion Modelling for Sour
Gas Flares
Effect of Sour Fuel Composition on Flare Combustion Efficiency

It had influence but not direct effect
on regulations

Flare Performance Research Initiative

knowledge expansion of flare

Human Neurobehavioral Effects of Hydrogen Sulfide

Knowledge expansion
CSR, clarifying a misconception and
exaggerated account of oil and gas
industry's environmental impacts

Caroline Livestock Study
The Facilitation of Sustainable, Eco-efficient and Greenhouse Gas Technologies
Flare Performance Research Initiative

Smart Policies and Regulations

knowledge expansion of flare

Influenced the regulations

Best Practices for Field Application

Acheivement
Knowledge expansion - Proof of concept with DIAL laser and see if
it influenced remote sensing as a measurement tool and potential
dispersion of a plume.
Best management practice to be determined in 2015
Knowledge expansion of flares combusiton performance.
Influenced Directive 60
Best management practice - Influenced regulation changes.
Best management practice - results used in ambient objective
setting, Carolina livestock.
Knowledge expansion - potenital technologies for reduction of
emissions.
Knowledge expansion of flares combusiton performance.
Influenced Directive 60

Led to a better understanding of
flare emissions but not direct change Technology for measurement using remote Best management practice - Technology for measurement using
in regulations
sensing
remote sensing.

Well Test Flare Plume Monitoring Phase II

Best practices developed for reducing vent gas and capture and reuse in operations. Also led to development of software toolbox.

Vent Gas Mitigation Options

Well Test Flare Plume Monitoring

Best practices developed for reducing vent gas and capture and reuse in operations. Also led to development of software toolbox.
Knowledge expansion - Investigated innovative combustion
efficiency from flares.
Knowledge expansion - DIAL technology verification for tracking
SO2 plumes
from well test flares, measuring flare combustion efficiency of
industrial flares and quantifying
fugitive emissions of hydrocarbons

Flare Performance Research Initiative

Best management practice - Stimulate technological advances that
will help reduce flaring and the atmospheric release of potentially
harmful products of incomplete combustion

Vent Gas Mitigation Options
Combustion Enhancement And Emission Reduction From Flare Stacks

Ease of Operation:
Project
Phase II Non-Routine Flaring Modelling Tool

Benefits
The tool allows an efficient regulatory
application process.

Social License:
Project

Benefits

Phase II Non-Routine Flaring Modelling Tool Development

Software with regulatory endorsement for
more accurate air dispersion modelling

Improved Emissions Factors for Particulate Matter (PM) from Flares (2010 -2011)

The project results were promising and
could potentially lead to improvements in
flare design to increase flare efficiency , and
less environmental impact.

Evaluation of GHG Emissions from Crude Oil and Condensate Storage Tanks (2010)

The study allowed industry to proactively
identify and address air emission related
issues; which otherwise could have led to
serious restrictions on license to operate.

Regulatory Impact:
Project
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Benefits
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Air Projects

Project Title
a. Improved Flare Source Parameters for CALPUFF and AERMOD Dispersion Models

b. Phase II Non-Routine Flaring Modelling Tool Development

Evaluation of GHG Emissions from Crude Oil and Condensate Storage Tanks (2010)

Impact on the Industry
Allowed regulators to make informed
decisions, while developing directive 060
regulations.
Absence of these projects would have led
to more stringent regulations for industry
to comply with.

Smart Policies and Regulations

Best Practices for Field Application

Value / Cost Savings
$M/Year

Description of Value

1.2 –2.4

The tool is expected to reduce the costs of
dispersion modelling for regulatory
applications by providing a standardized
approach across the industry.

Provided regulators, as well as industry
operators, with more representative data
concerning quantification of fugitive
inorganic compounds, VOC, odor, and
greenhouse gas emissions from liquid
storage tanks

Financial Impact:
AUPRF Cost of Project
$K

Project Name

Phase II Non-Routine Flaring Modelling Tool
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Acheivement

AUPRF Summary of Accomplishments
Ecological Projects
Ecological Project Titles

Impact on the Industry

Smart Policies and Regulations

Best Practices for Field Application

Best management practice aimed at minimizing
disturbance within caribou calving areas and
improved effectiveness of mitigation measures
for activites conducted within caribou ranges.
Potential for operators to better resource access
with updated setback distances

Assessing Spatial Factors Affecting Predation Risk to Boreal Caribou Calves:
Implications for Management
Evaluating the Ecological Risk of Oil and Gas Development on Ferruginous
Hawks

Grizzly bears and pipelines: response to unique linear features (Year 2)

Project was initiated with social
responsibility in mind and will likely result
in recommendation for industry to take
extra precautions to avoid increasing
predation rate of grizzly bears.

A Tool to Assess Cumulative Effects of Development on Biodiversity

CSR, reduction of environmental footprint

Long-term Revegetation Success of Industry Reclamation Techniques in the
Northern Fescue Natural Subregion

CSR, reduction of environmental footprint,
cost reduction

Smart regulations based on scientific fact
has established criteria (i.e., setback
distances, timing windows, etc.) based on
direction provided from Government and
regulators about mortality risks to Grizzlys

- Research can be used to inform the
biodiversity management frameworks that
are currently under development for regional
planning
Best management practice on setback distances,
timing windows, etc…

- Tool can be used to inform the biodiversity
management frameworks that are currently
under development for regional planning
- Could be combined with the standard
reporting framework (Reclamation
Information System, RIS) that is currently
used by oil sands mine operators and
currently being evaluated for adoption by in
situ operators.
- NOTE : Same approach could be used by
the rest of the oil and gas sector to
standardize footprint reporting allowing for
integrated planning
- Information can also help to inform
practioners and regulators related to
revegetation techniques and expectations /
requirements under current reclamation
criteria

White-tailed Deer Distribution and Density in Alberta's Boreal Forest
Peatland Restoration of Abandoned Oil and Gas Well Sites
- Information can also help to inform
practioners and regulators related to
expectations / requirements under current
reclamation criteria for native grasslands
Evaluating the Revegetation Success of Foothills Fescue Grassland

Achievement

Tool developed to inform biodiversity
management frameworks for regional planning

Best management practice on the reduction of
environmental footprint and cost reductions
Best management practice to be developed in
2015.
Best management practice for planning and
managing boreal landscape.

Best management practice informing operators
and regulators on current reclamation criteria
for native grasslands

We Have a Reclamation Certificate, But is it Good Enough? Long-term
Reclamation Monitoring of Oil and Gas Footprints

Best management practice informing operators
on the identification of critical habitat for the
woodland boreal population.
Smart policies and regulations making
monitoring, evaluating and reporting more
transparent

Cumulative Effects and Assessment: Predicting Direct and Indriect Effects of
Energy Developments

Best management practice to be developed for a
decision making tool for regulators.

The Role of Predation by Wolves and Bears in Caribou Declines in WestCentral Alberta

196

AUPRF Summary of Accomplishments
Ecological Projects
Ecological Project Titles

Impact on the Industry

Smart Policies and Regulations

Best Practices for Field Application

Knowledge expansion - Assess whether
anthropogenic linear features influence coyote
and black bear movements in woodland caribou
range in northeastern Alberta, Canada.
Best management practice on resource access
for operators. Developing an empirical habitat
model to predict the influence of development
on mature forest songbirds in northeastern
Alberta.
Knowledge expansion - to provide scientifically
credible based recommendations for the
protection and recovery of this federally
threatened and provincially (Alberta)
endangered species. Multi-phase project also
reported above.
Best management practice resource access for
operators and avoidance of habitat of grizzly
bears.
To develop a tool which provides guidance on
appropriate recovery strategies for each Natural
Subregion.
Knowledge expansion - Smart policies and
regulations making monitoring, evaluating and
reporting more transparent
Best management practice on resource access
for operators.
Knowledge expansion - develop best
management practice in 2015.

Use of Anthropogenic Linear Features by Alternative Predators in Woodland
Caribou Range

Disturbance Zones of Influence on Boreal Songbird Communities in Northern
Alberta

Evaluating the Ecological Risk of Oil and Gas Development on Ferruginous
Hawks - Year 2

Grizzly Bears and Pipelines: Response to Unique Linear Features
Updated Industrial Revegetation Guidelines for the Mixed Grass Prairie
Natural Subregion
When is reclamation success achieved, using the 2010 Reclamation Criteria as
a guide?
Effects of Oil and Gas Development on Grassland Birds
Long Term Revegetation Success of Industry Reclamation Techniques for
Native Prarie
- Information can also help to inform
practioners and regulators related to
expectations / requirements under current
reclamation criteria for native grasslands
Evaluating the Revegetation Success of Foothills Fescue Grassland
The Role of Predation in Woodland Caribou Declines in West Central Alberta
(Red Willow, Narraway, Redrock Prairie Creek, A la Peche and Little Smokey
Ranges)
Evaluating the Ecological Risk of Energy Sector Development on Burrowing
Owls in Native Prairie Habitat. Final Year Proposal

The Role of Predation in Woodland Caribou Population Declines in
Northeastern Alberta

Achievement

CSR, cost reduction

Knowledge expansion, CSR

Change and ease of regulations

Best management practice for operators to
reduce their environmental footprint and save
money
Knowledge expansion on data and industrial
footprint for coyote and caribou ranges
Best management practice on resource access
for operators and cost savings.

- Research can be used to inform the
biodiversity management frameworks that
are currently under development for regional
planning
Best management practice for regional planning,
resource access and avoidance.

Linear Features Inventory and Characterization of Selected Portions of the
West Side Athabasca Caribou Range (WSAR), Northeast Alberta

Best management practice for resource access
and avoidance.

Strategies for Evaluating the Effectiveness of Reclamation Successes on
Native Landscapes, Including the Mixed Grass Prairies, the Northern Fescue
Natural Region, Foothills Fescue Natural Regions, the Aspen Parkland Natural
Region and Saline/Hydro-Carbon Contaminated Affected Soils

Knowledge expansion on carefully timed
successive weed control and higher seeding
rates for reclamation success.
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Ecological Project Titles

Evaluating the Ecological Risk of Energy Sector Development on Burrowing
Owls in Native Prairie Habitat - Year 2

Impact on the Industry

Smart Policies and Regulations

Social license, CSR delivery , saving on time
and cost of environmental management
Tightening the guidelines

Knowledge expansion on how industry is not a
factor for the declines of caribou. Research
showed how deer are an important factor in the
increase in wolves and decline of caribou.

Range Expansion of White-tailed Deer: Differentiating Responses to Climate
Change and Industrial Land Use

Seismic Line Successional Recovery: Implications for Animal Movement and
Weed Invasion in the Boreal Forest

Best Practices for Field Application
Achievement
- Research can be used to inform the
biodiversity management frameworks that
are currently under development for regional
planning
Best management practice on resource access
for operators and cost savings.

Social license, CSR delivery , increased cost Tightening the guidelines

Removing the Wellsite Footprint
Efficient Strategies for Remediating and Revegetating Sensitive Landscapes:
Oilsands, Saline Areas, Forested and Foothills Regions
Identifying Key Native Species and Efficient Strategies for Revegetating
Sensitive Landscapes: Oil Sand Areas, Saline Areas, Boreal Forest and Foothills
Regions

Changing guidelines

- Research can be used to inform the
biodiversity management frameworks that
are currently under development for regional Social responsibility for industry - update to
planning
regulation guidelines and increased costs to
industry
Best management practice for Industry on
construction practices by reducing
environmental disturbances with less
reclamation.
Best management practice by reducing
environmental footprint and cost savings
Best management practice for resource access
for Industry with changes made to the regulatory
guideline.
Knowledge expansion - for setback distances
that impact oil and gas operations in southeast
Alberta and southwest Saskatchewan.
Best management practice resource access for
Industry - deciding where to build roads and
develop infrastructure to minimize the risk to
wildlife.
Knowledge expansion - monitoring program was
developed.

Assessment of Species at Risk Setback Distances Relative to Oil and Gas
Activity
Putting Grizzly Bear Research Results into Today's Land Management and
Planning: delivering interdisciplinary tools and models to land managers in
Alberta
Alberta Biodiversity Monitoring Program
Final Year of Testing of Native Species and Revegetating Oil and Gas
Disturbances in the Sandy Soils of the Parkland EcoRegion of Alberta
Changes in Alternative Prey Density in Fen/Bog Complexes May Affect the
Spatial Separation of Caribou from Wolves

Best management practice for seeding
techniques, weed control and seed processing.
Knowledge expansion

Boreal Caribou: Telemetry Project (Bistcho Lake/Cameron Hill Herds)
Monitored Natural Attenuation for Upstream Oil and Gas Industry

Best management practice resource access for
industry by using satellite imagery to avoid
caribou and mapping habitat in remote areas.
Knowledge expansion

Development of drought tolerant/salt tolerant native grass, forb and legume
ecotypes for use on disturbed land in the prairies and boreal forest

Knowledge expansion

Ease of Operation:
Project
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Benefit
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Ecological Projects
Ecological Project Titles

Impact on the Industry
Consequence of inaction – management
to action, there are exclusion fences for
wolves but wouldn’t affect bears.

The Role of Predation by Wolves and Bears in Caribou Declines in WestCentral Alberta

The impacts on other species without
doing the work would result in industry and
government not being aware of the level of
work that is going on and what the dangers
are.
It would not be easy for industry to get the
money needed to do all these projects so
joint efforts and shared results works
better in their favor.
If there was an interruption in the funding
there would be costs involved to start up
any of these projects again.

Updated Industrial Revegetation Guidelines for the Mixed Grass Prairie
Natural Subregion

Post monitoring would require less actions
that would result from this project and
construction practices would become
simpler and more economical.
methods enable industry to be “in tune”
with the inherent character and limitations
of the sites that they are working on

Social License:
Project

Updated Industrial Revegetation Guidelines for the Mixed Grass Prairie
Natural Subregion
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Benefit
Native prairie conservation is an important
issue in Alberta and involves various
stakeholders. This comes at a low cost to
industry.
Industry can be seen as progressive in the
application of ecological knowledge with
the goal of recovering ecological health
and function

Smart Policies and Regulations

Best Practices for Field Application

Achievement

AUPRF Summary of Accomplishments
Soil and Groundwater Projects

Project Title

Impact on the Industry

Smart Policies and
Regulations

Best Practices for
Field Application

Knowledge expansion - Additional Science for
Regulators to look at updating
Guidelines/Directives/Policies/Criteria.

Proposed Third Party Review for PTAC SAR Subsoil Guidelines Project

Vapour Emissions from Ex-Situ Remediation
Updates and Upgrades to Alberta Environment Subsoil Salinity Tool
(SST) Software and Manual
Development of a Reduced Analytical Suite of Upstream Oilfield Metals
for Groundwater Monitoring
Development of risk-based soil quality guidelines for selected trace
metals

A Rapid Bioassay for Predicting Toxicity of PHC-Contaminated Soil
(Phase 3) of 3

Achievement

Knowledge and
understanding
about the life cycle
of hydrocarbon.

Knowledge expansion on the life cycle of
hydrocarbon. Additional Science for regulators on
the evaluation of life cycle emissions of ex situ
remediation.
Best management practice for Industry - new
guideline developed for sulphate soil quality and
remediation
Best management practice - new guideline
developed for refinement of risk‐based soil quality
Best management practice - new guideline
developed for risk‐based soil quality for selected
trace metals

To deliver a new
methodology of
testing the level of
contamination in
Best management practice - new methodology
soil that will be
more cost effective testing of the contamination level in soil. Cost
savings for Industry.
for the Industry.

Development of a Tier 2 SSRO Derivation Process Beyond the Pass/Fail
Approach (Phase 2)

Best management practice for Industry - practical
field screening techniques developed, cost and
time savings for site investigations in support of
risk assessment and different measures of
bioavailability and risk-based (Tier 2) remedial
benchmarks for PHC contaminated sites.

Development of EcoContact Soil Selenium Guideline

Best management practice for Industry - risk based
assessment and remediation guidelines for
Selenium related to sulphate (and other toxicity
modifier) concentrations in soil developed.
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Project Title

Impact on the Industry

Smart Policies and
Regulations

Best Practices for
Field Application

Achievement

FWAL Chlorides

Best management practice - practical field
screening techniques reducing cost and time for
site investigations and risk assessment developed.
Knowledge expansion - Fresh Water Aquatic Life
criteria for Chloride, specifically looking at the
hardness as a toxicity modifier.

Synthesis of Boron Plant Toxicity Data, Irrigation Data, and Fate and
Transport Modeling to Generate Boron Guideline Recommendations for
Soil and Groundwater

Best management practice - guidelines developed
for risk-based, soil quality and remediation for
boron including both agricultural (mineral) soils
and muskeg/peat (organic) soils.

Validation of Petroleum Hydrocarbon Stratified Remediation Subsoil
Criteria

Knowledge expansion - additional science for
refinement and validation of current AENV subsoil
guidelines. Potential for industry to decrease costs,
emissions, and landfill usage.

Using Laboratory Saturation Percentages to Estimate Soil Texture

Implementation of Subsoil Sodium Adsorption Ratio Guidelines into the
Alberta Environment Subsoil Salinity Tool

Eco-Toxicity of Sulphate Relative to Chloride
Synthesis of SAR/Hydraulic Conductivity Data from Multiple Column
Studies Coupled with Three-Dimensional Transport Modeling to Support
Framework for Subsoil SAR Guidelines
Sulfate Adsorption and Desorption Properties of Alberta Soils and Their
Relevance to Transport Properties and Leaching /Redistribution Rates

Work still in progress, no
regulatory
Presentation in
implementation yet.
Conferences

Best management practice to be developed in
2015
Best management practice - sulphate soil quality
and remediation guidelines developed
Knowledge expansion - additonal science to
support refinement of regualations surrounding
the effects of EC/SAR combinations on hydraulic
conductivity.

Simplified Microtox Bioassay Procedure for Drilling Waste Testing

Best management practice - sulphate soil quality
and remediation guidelines developed
Best management practice - risk-based
environmental assessment and remediation
guidelines developed
Best management practice for industry to reduce
conservatisms and cost

Utilizing Carbon Ranges, Unresolved Complex Mixtures and Carbon
Prefereence Index Signatures as a New Tool for Quantifying Biogenic vs.
Petrogenic Hydrocarbons in Soils Contaminated with Heavy Petroleum
Products

Best management practice for industry - defensible
laboratory methodologies that can differentiate
between biogenic and petrogenic hydrocarbon
constituents developed. Cost savings for Industry.

Plant Toxicity Study for Boron in Peat/Muskeg Ecosystems
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Project Title

Impact on the Industry

Smart Policies and
Regulations

Best Practices for
Field Application

Achievement

Characterization of the Saturated Conductivity - SAR- EC Relationship in
Subsoils

Best management practice for industry - Cost
reductions for PHC-contaminated soils and Tier 2
testing.
Best management practice - risk-based salinity
guidelines developed for wetlands that have been
impacted primarily by produced water releases
from pipelines.
Knowledge Expansion - additional science for
refinement of Regulatory
Guidelines/Directives/Policies/Criteria.

Petroleum Hydrocarbon Tier 2 Guideline Calculation Software
Weathered PHC F2 and the Eco-Contact Pathway - Phase II - The Effect
of Soil Texture

Tier 2 Guideline Calculation software developed
Best management practice - improved soil
remediation guidelines developed

Third-Party Sensitivity Analysis of the Subsoil Salinity Tool Version 2.1

Subsoil Salinity Tool developed

Study of the Fate and Transport of Calcium Sulfate (Gypsum) and
Sodium Sulfate Concentrations in Shallow Soil

Refining the Analytical Protocols for Methanol, Amines and Glycols

Knowledge expansion - environmental mobility of
sulphates (particularly calcium and sodium salts) in
soil and groundwater; and, provide
recommendations towards regulatory guideline
development and land management practices.
Best management practice - soil quality guidelines
developed for methanol, amines (MEA, DEA) and
glycols (DEG, TEG).

Final Phase - Guideline Derivation for Soil Salinity Below the Root Zone

Subsoil Salinity Tool developed

Distinguishing Natural vs Petroleum F3 Hydrocarbons in Oil Spill
Impacted Muskeg Material
Chemical and Isotopic Characterization of Water and Dissolved Gases in
Shallow Aquifers in the Vicinity of Coal Bed Methane Operations in
Alberta

Best management practice - new approach
resolving false PHC detections to be incorporated
into the existing CCME Reference Method for the
Canada-Wide Standard for Petroleum
Hydrocarbons in Soil.
Best management practice - new methodology to
recognize sources of potential methane
contamination in wells

Validation of Toxicology Test Methods for Assessing Petroleum
Hydrocarbon and Brine Spills in Boreal Forest and Taiga Eco-Zone Soils

Best management practice - new methodology
using ecological-relevant species representative of
non-agricultural Canadian eco-zones.

A Rapid Bioassay for Predicting Toxicity of PHC-Contaminated Soil

Development of Assessment and Remediation Approaches for Salt
Releases to Peatlands in Western Canada
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Project Title

Impact on the Industry

Smart Policies and
Regulations

Best Practices for
Field Application

Achievement

Imaging the Fate and Transport of a Salt
Spill During Remediation with Time-lapse
Electrical Resistivity (Year 3 of 3)

Knowledge expansion - to provide
recommendations on environmental mobility of
sulphates, particularly calcium and sodium salts, in
soil and groundwater.

Field-Scale Assessments of the Phytoremediation of Weathered
Hydrocarbons in Soil

Knowledge expansion on how to better
understand and maximize phytoremediation as an
effective cleanup technology.
Best management practice on how to develop a
defensible guideline for weathered petroleum
hydrocarbon Fraction 3 in soil.

Environmentally Acceptable Endpoints for Weathered/Aged (Residual)
Petroleum Hydrocarbons CCME CWS Fraction F3 in Soil - Phase II
Compost amendment of oil field waste to remediate high
concentrations of petroleum hydrocarbons F3 and F4 fractions.

Ecotoxicity Risk Assessment of Hydrocarbon Residuals in Bioremediated
Oil-Contaminated Clay Soils
Improved Methods of Evaluating Revegetation for Determining
Reclamation Success on Cultivated Land

Knowledge expansion of remediation techniques.
Knowledge expansion of existing methods,
resulting in methodology changes and
recommendations
Best management practice - Regulatory guideline
change and reconsiderations for the CCME (2001)
Canada-wide soil contact guidelines for PHCs in
surface soils.
Best management practice for industry recommendation of refined protocols.

Testing Remediation Techniques for Salt Affected Sites

Knowledge expansion - Improving costcompetitiveness and reliability of technology used
to remediate salt-affected soil and groundwater

Monitored Natural attenuation for Upstream Oil and Gas Industry

Knowledge expansion of the critical evaluation of
natural attenuation as a remediation approach

Field-Scale Assessments of the Phytoremediation of Weathered
Hydrocarbons in Soil

Social License:
Impact
Category
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Benefit

Stakeholders

•Increased feasibility of achieving site
closure and return land to owner
(Private and Public)

Landowners

•Demonstrating active management of
asset retirement obligations

AUPRF Summary of Accomplishments
Soil and Groundwater Projects

Project Title
Public
Regulator

GoA
AER

Impact on the Industry
•Applying transparent processes and
science based guidelines
•Collaborating on common goals of
effectively managing/achieving site
closure
•Understanding each other’s
restrictions and finding science
based/transparent solutions
•Protecting the public

Smart Policies and
Regulations

•Working towards a sustainable asset
retirement obligation program
Management

•Demonstrating due diligence to other
internal teams
•Influencing best practices internally

Regulatory Impact:
Impact
Category

Impacted
Guidelines
•Alberta Tier 1 Hydrocarbon Fraction F3
guideline change
•Subsoil criteria (F1-F4)

Hydrocarbons

Metals

•Modified Management Limits (F1-F4) –
with restrictions

•Total Barium to extractable Barium
(Barite)
•Alberta Tier I for Boron

Salt

Other
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•Development of salinity tool (SST) –
Chloride
•Salt concentrations in muskeg post
spill
•Alberta Tier I Methanol

Guideline
Change
•800mg/kg to
1300mg/kg
•Apply at 1.5m
instead of 3m
•F2: 1000mg/kg to
10,000mg/kg
•F3: 3500 mg/kg to
14,000mg/kg
•750mg/kg to
3300m/kg
•2mg/kg to 7mg/kg
(pending)
•Background to
100mg/kg
•120mg/L to
1000mg/L (pending)
•pending

•Alberta Tier I Sulfolane (groundwater)
– pathway elimination

•NA to 0.46mg/L

•Alberta Tier I Sulfolane (soil) –
pathway elimination

•NA to 0.92mg/kg

Best Practices for
Field Application

Achievement

AUPRF Summary of Accomplishments
Soil and Groundwater Projects

Project Title

Impact on the Industry

Impact
Category

Benefit

Smart Policies and
Regulations

Best Practices for
Field Application

Ease of Operation:

•Collboration with GoA/AER enables
timely development, acceptance &
implementation of guidelines
•Broad implementation of guideline
modifications without site specific
communications with GoA/AER

Regulator

Process

Management and Partners

•Understanding of and applying
GoA/AER processes for implementing
change
•Broad application of defined
restrictions (modified management
limits for PHC)
•Software tool that enables desktop
guideline development for salinity
impacts (SST)
•Development of standardized Tier 2
guideline modifications (PHC)
•Demonstrating due diligence based on
risk & science
•Reducing ARO spend for operator and
JV partners (broad industry)
•Managing future risks based on
science, e.g. future guideline changes
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Achievement

AUPRF Summary of Accomplishments
Water Projects
Project Title
Integrated Assessment of Water Resources for
Unconventional Oil and Gas Plays, West-central
Alberta

Environmental Net Effects Assessment of Saline
Water Phase 3

Researcher

Brad Hayes

Fracturing Fluid Additive Risk Assessment and
Selection Tool
Development of a Risk-based Criteria for the
Treatment of Saline Water from Source Wells that
Would Allow Storage in Unlined Earthen Pits and
Transportation via Overland Pipelines

Best Practices for Field
Application

Achievements
Best management practice - Database developed for
Industry and Government - a united tool and database
that is able to help industry evaluate its water usage
process

Brad Hayes

Donald Davies

Best management practice - Screening tool developed to
categorize hydraulic fracturing fluid additives according to
their potential health and environmental risks

Ryan Murphy

Ian Mitchell

Socio-Enviro Impact of Increasing water use in the
Duvernay Formation

Emily Jobson

The Modern Practices of Hydraulic Fracturing: A
Focus on Canadian Resources

Dan Arthur
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Smart Policies and
Regulations

Knowledge expansion - High level assessment of saline
water use. This will inform Regulators and help develop a
future Water Source Evaluation Tool.
Knowledge expansion - access opportunities for future
collaboration between shale gas producers, such as
consolidating infrastructure needs and sharing water
access rights.
Best management practice - Baseline ground monitoring
for shale development.

Water Collaboration Assessment for Unconventional
Gas Development
Ryan Murphy
Regional Groundwater Assessment Monitoring

Impact on the Industry

Best management practice - Develop risk-based criteria for
the treatment and storage of saline water in unlined
earthen pits and transportation via overland pipelines in
the Pipestone and Gordondale areas of Alberta
Knowledge expansion - understanding public perception of
water use - social license to operate.
Knowledge expansion - a Report was done on the factual
and objective information on the practice of hydraulic
fracturing.

AUPRF Summary of Accomplishments
Water Projects
Project Title

Fracturing Fluid Flowback Reuse Feasability Study
and Decision Tool
Sustainable Frac-Water & Produced Water
Treatment & Recycle

Researcher

Impact on the Industry

Minimizing the use of fresh water is
an expectation of our stakeholders
and the regulator. This tool will
help industry to better understand
the risks and requirements to
increase the volume of flow back
reuse which should reduce the
volume of fresh water used to
complete wells. Tools sets water
quality standards to minimize
compatibility issues. If adopted the
tool would enhance operations and
define a process for safe reuse of
flow back fluids.
Nicole Mikic
Vita Martez

Smart Policies and
Regulations

Information could be used by
the regulator to better
understand our industry and
the challenges and potential
environmental impacts of
reusing flow back fluids.

Best Practices for Field
Application

Achievements

Decision tree was developed
for producers and service
companies to determine best
approach for using saline water
instead of fresh water in
Best management practice - Decision Tree and Guidance
certain applications.
Manual developed
Knowledge expansion on enhanced water treatment and
recycling best practices
Best management practice - Evaluation framework will
assist industry in developing enhanced water treatment
and recycling

Reuse of Flowback & Produced Water for Hydraulic
Fracturing in Tight Oil

Sarah Fulton

Development of an Industry-Wide Screening

Donald Davies

Determination of Water Monitoring Standards

John Orwin

Best management practice - Screening-Level Assessment
Tool developed for Classifying Hydraulic Fracturing Fluids
Best Mangement Practice: Recommendations for Water
Monitoring Standards

Assessment of the Practicality of Reusing Treated
Produced Water from Shallow Gas Wells of the
Western Canadian Sedimentary Basin
Risks to Groundwater from Oil and Gas Drilling and
Completion

James Douglas

Best management practice to be developed in 2015

Catherine Main

Bill Berzins

Knowledge expansion on risks to groundwater
Knowledge expansion on testing of well water prior to
drilling
Best Management practice to reduce the risk of approval
contravention.

Vita Martez

Knowledge expansion on the use of advanced cermanic
membranes through technology demonstrations.

Water Well Testing Prior to Drilling
Emergency Surface Water Pond Treatment
Technology
Beneficial Use of Pre-treated Produced Water and
Related Salt Impacted Waters Using Advanced
Ceramic Membranes
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Catherine Main

AUPRF Summary of Accomplishments
Water Projects
Project Title

Researcher

Impact on the Industry

Smart Policies and
Regulations

Best Practices for Field
Application

Chemical and Isotopic Characterization of Water and
Dissolved Gases in Shallow Aquifers in the Vicinity of
Coal Bed Methane Operations in Alberta
Bernhard Mayer

Assessing Wastewater Treatment Technologies,
Storage and Water Reuse

Knowledge expansion on the characterization of chemical
and isotopic composition of shallow groundwater and its
dissolved gases in Alberta

Provided a comprehensive picture
of the water resources and water
issues in Southern Alberta.

David van Everdingen

Identified the legislation and
guidelines which need to be
changed to allow water reuse
to occur.

Financial Impact:
AUPRF Cost of Project
$K

Value of Collaboration
$M

95

2.8-3.8

Cost per company $75K $100K, 38 companies use the
tool

Baseline Testing Review

TBD

0.2-0.4

Cost per company $10K - $20K,
20 companies use the study

Integrated Assessment of Water Resources for
Unconventional Oil and Gas Plays, West-central
Alberta

475

3.75-5

cost savings per company
$150K - $200K, 25 companies
use the study

The Modern Practices of Hydraulic Fracturing: A
Focus on Canadian Resources

100

0.04-0.2

cost per company $2K - $10K,
20 companies use the study

Totals

670

6.8-9.4

Project Name
Fracture Fluid Risk Screening Assessment Tool

Regulatory Impact:
Project
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Achievements

Benefit

Description of Value

Project outcomes added to
knowledge base of available
water resources to assist with
appropriate development
planning.

Best management practice - Guidence document outlining
potenital options developed.

AUPRF Summary of Accomplishments
Water Projects
Project Title

Researcher

Integrated Assessment of Water Resources for
Unconventional Oil and Gas Plays, West-central
Alberta

Government Policy-makers and Regulators are
vetting water availability methodologies and
outputs, this provides companies with comfort level
that the outputs will be utilized by both industry and
government. Data from this project will contribute to
a 2014 project to develop a water sourcing tool
(NOLA) that will assist both the regulator and
industry source surface water in the project area.
The tool be analogous to the OGC North east BC
water tool (NEWT) and will be the first of such a tool
in Alberta and will positively impact the way water is
currently being allocated.

The Modern Practices of Hydraulic Fracturing: A
Focus on Canadian Resources

Report used by regulators to better understand our
industry which should enable more effective
dialogue between industry and regulators. Provides
regulator with a science-based tool to refer to during
public engagement sessions for policy development.

Baseline Testing Review (PTAC plus complimentary
CAPP project)

Results from these 2 projects will or have been
shared with regulators. The project outcomes will
allow industry to proactively engage with regulators
as they are developing policy related to groundwater
monitoring or baseline water well testing.

Ease of Operation:
Project

Integrated Assessment of Water Resources for
Unconventional Oil and Gas Plays, West-central
Alberta
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Benefit
• allow industry to evaluate options across the
plays, for the development of water
management plans for it’s prospects.
•advances basic water inventory knowledge and
geospatial analysis to serve as a screening-level
assessment tool to support it’s application for
water use.
•allow industry to develop water management
plans which will soon be an expectation of the
regulator.

Impact on the Industry

Smart Policies and
Regulations

Best Practices for Field
Application

Achievements

AUPRF Summary of Accomplishments
Water Projects
Project Title

The Modern Practices of Hydraulic Fracturing: A
Focus on Canadian Resources

Baseline Testing Review (PTAC plus complimentary
CAPP project)

Researcher
•Increased public awareness of operations,
current practices/BMPs and regulations for a
more educated conversation around
development.
•An increased sense of awareness may lead to a
level of comfort with HF development and
lessen industry or project specific opposition.
Projects have resulted in better understanding of
what is required for both regional groundwater
monitoring and baseline domestic water well testing.
Results used to generate industry guidance for
domestic water well testing.

Social License:
Project

Integrated Assessment of Water Resources for
Unconventional Oil and Gas Plays, West-central
Alberta

Fracture Fluid Risk Screening Assessment Tool

Benefit
Sustainable water use and assessment of alternate
(to fresh water) water sources is an expectation of
our stakeholders and AER. The Unconventional
Resources Framework (URF) sets the expectation for
industry to collaboratively work on water
management in unconventional resource plays. This
project is the catalyst to this regulatory expectation.
Use of fracturing chemicals is a significant issue for
our stakeholders. This tool will help member
companies select lower risk chemicals which will
enhance our social licenses , minimize risk to the
environment and our work force.
Screening of chemicals is an expectation of CAPP
membership and this tool allows companies to cost
effectively meet this expectation.

Baseline Testing Review (PTAC plus complimentary
CAPP project)
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Impact on groundwater quality is a key concern of
our stakeholders. This work helped establish
processes and practices to monitor both regional
and domestic groundwater which will enhance our
social license.

Impact on the Industry

Smart Policies and
Regulations

Best Practices for Field
Application

Achievements

Evaluation of TEREE
projects
Prepared for PTAC
Sabz Consulting Group
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Introduction:
Since 2003, a total of 28 projects were funded through the Technology for Emissions Reduction
and Eco-Efficiency (TEREE) program. As it currently stands, 25 projects, launched under the
TEREE program have been completed thus far. Contacts with project champions and researchers
were made regarding the practical, regulatory, and scientific implications of the TEREE program
and its projects. Information was gathered from 15 of the 25 projects, while the remaining 10
projects are still awaiting proponent responses and/or meetings.
Out of the assessed projects, four were basic research projects aimed at understanding the future
path of research and technology development, and in turn were extremely successful in that they
led to technology development and benchmark projects. The remainder of projects dealt directly
with new techniques, technologies, and improvements to current procedures, all of which led to
the successful uptake of new methods by industry.
In summary, TEREE projects have made a significant contribution industry through the transfer
of technologies used globally in the oil and gas industry. These efforts are considered to be an
imperative element of the R&D currently taking place within the oil and gas industry, which
fundamentally works to reduce environmental impact, improve performance, and establish the
sustainable development of the hydrocarbon industry.
Leaving the remaining details to be read in the individual summary pages that follow, the major
outcomes of PTAC’s TEREE projects can be reviewed in the table below:
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Project name
Fire Tube Immersion Heater Optimization
Spectrasyne-Optical Measurement
Technology Summary of Emission
Reduction Opportunity Areas in Upstream
Oil and Gas Industry
Conventional Heavy Oil R&D Needs
Including GHG Intensity Reduction

Achievement
Technology is now accepted by the
industry
Technology is now accepted by the
industry

Set direction for PTAC

Zero Emissions Wellsite – BP Canada
Validation of Sun Pumper versus Tex Steam
Units

Technology now accepted by
industry

Airdar Phase I

Start-up grew and concept proved

Generation of Electric Power from Waste
Heat in the Western Canadian Oil and Gas
Industry

Set direction for PTAC

Fixed Orifice Steam Traps

Technology is now accepted by the
industry
Technology now accepted by
industry
Technology now accepted by
industry

Air Fuel Ratio Controller for Low
Horsepower Engines
REMVue Slipstream
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Main Reports:

Group projects:
 Emissions and Efficiency Enhancements with REMVue AFR Systems Study
 REMVue Slipstream Pilot Validation – Phase 3
 Air Fuel Ratio Controller for Low Horsepower Engines
Interviewer:


Amir Bahman Radnejad

Interviewees:


Frank Zahner from Accurata Consultants



Cam Dowler, General Manager of Spartan Controls

Comments:
All three projects assess technologies introduced by Spartan Controls and REM Technology. At
the time these technologies were introduced to market, they were considered disruptive
technologies, and thus, companies who were perceived as competitors or were not willing to
change the production process, started to criticize the technologies. The campaign against these
technologies had been focused upon the increasing uncertainty about the functionality, as well as
the potential hazards of the technology itself. As a result of this campaign, the technologies
introduced by Spartan, specifically the SlipStream® system, developed a negative image
throughout industry.
As PTAC`s mission is to facilitate collaborative research, development, demonstration and
deployment of technologies for the responsible development of the hydrocarbon energy industry,
it supported the above projects to carry out pilot testing, and evaluate the technologies through
the TEREE program. The final reports generated through the TEREE program, indicate that
these technologies have a high degree of reliability and the ability to significantly decrease both
fuel consumption and emissions. Thus, these projects not only provided an engineering answer to
opponents, but also helped assure the users of the technologies that they were advantageous to
industry. As a result of these technologies, the industry has saved approximately 1.2 billion
m3/year natural gas. This reduction in natural gas consumption has reduced CO2 emission for
about 14.4 million tonnes per year. At a natural gas price of $4 per GJ, the cost reduction
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potential is more than $100 million per year. One of the major companies that actively utilized
the technology (i.e. Slipstream) was Petro-Canada.
In conducting this research, PTAC recognized the importance of energy efficiency in the
sustainable development of industry, and thus, continued to provide support for other research,
ultimately assisting both industry and government in understanding the value of the TEREE
program. Due to the work undertaken in these three projects, the Provincial Government has
become more aware of the advantages of energy efficiency in the hydrocarbon industry. This
awareness has been helpful in the energy strategy of the province. Moreover, additional
government research funds became available for the industry, with the most notable example
being the CCEMC funds awarded in 2010 to ConocoPhillips Canada, Encana Corporation, and
Cenovus Energy Inc. CCEMC provides funding for projects that focus on reducing greenhouse
gas emissions. Thus, it can be understood that PTAC has contributed significantly towards
increasing energy efficiency awareness throughout industry, and has assisted in transforming the
topic from engines alone, and to the entire production process.
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Group projects:


Fire Tube Immersion Heater Optimization Project



Fire-Tube Immersion Heaters Design Guide

Interviewer:


Hossein MahdaviMazdeh

Interviewees:


Philip Croteau

Comments:
This project targeted to increase the fuel efficiency of immersion heaters within the oil and gas
industry. The project was very successful, as demonstrated through data logging and
measurement of efficiency before and after the optimization adjustments. Efficiencies as low as
30 percent, were upgraded to at least 65 percent when the design guidelines were applied and
burners were optimized. Petro-Canada, Talisman, and several other companies applied the
learnings from the optimization project, and there have been numerous presentations made to
industry on this project, at both PTAC forums as well as other venues.
Those who are aware of the study have witnessed the benefits, and in many instances the number
of heaters used was reduced, as the remaining heaters in operation provided increased output as a
result of the efficiency gain. ENEFEN Engineering, the contractor for the project, is currently
doing field certifications of engines and tries to improve and optimize the sites while conducting
certifications.
Presently, industry in general is significantly more aware of efficiency issues in heaters, and the
findings of the project have hence been implemented by many producers. The only issue with
implementation might be that EPCs and contractors may not be motivated enough to implement
the efficiency measures, and may only do so if requested by the producer. Nonetheless, the
project is considered a success, as fire-tube efficiency has been adopted successfully by industry.
Several examples of project adoption are as follows:


Northland Power electricity generation from waste heat (propane cycle driving a power
generation unit).
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ORMAT, an Israeli company, has implemented technology in both the United States and
Canada, by taking waste heat from engines.



CAPP sponsored a program with CETAC-West for monitoring fuel efficiency.



Petro-Canada introduced the first flare leak detection camera to industry - there are 70-80
of them currently in Alberta.
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Project:


Spectrasyne-Optical Measurement Technology Summary of Emission Reduction
Opportunity Areas in Upstream Oil and Gas Industry
Interviewer:


Hossein Mahdavi Mazdeh

Interviewees:


Allan Chambers

Comments: The Spectrasyne-Optical Measurement project, which took 3 years to complete,
studied two different technologies:
The first technology, Differential Absorption Lidar, is a comprehensive technology that not
only detects leaks, but also measures the leak and provides a variety of information such as the
source and amount of leakage. Currently however, after approximately 7 years since this study
was completed, the technology has not been fully adopted in Alberta as the devices are costly
and are presently only made overseas in the United Kingdom.
The second technology, the Gas Imaging Camera, provides a method in finding leaks (FLIR is
currently producing these devices). Several companies have now bought these cameras and are
utilizing the technology both within and outside of Alberta. This TEREE project was essentially
an early demonstration of this technology in Alberta. Following the completion of this project,
several presentations were delivered to the Alberta oil and gas industry, introducing the benefits
of this technology to a broad audience. PTAC also carried out other projects based on this
technology, following the success of the Spectrasyne-Optical Measurement study.
In summary, this project helped in introducing technologies that were not well-known in Alberta
and led to uptake of one technology by the Alberta oil and gas industry.
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Project:
 Conventional Heavy Oil R&D Needs Including GHG Intensity Reduction
Interviewer:


Hossein MahdaviMazdeh

Interviewees:


Bruce Peachey

Comments:
The Conventional Heavy Oil R&D Needs Including GHG Intensity Reduction Study set the
stage for many of PTAC activities, as various projects were initiated by PTAC based on the
results of this research. Examples include:
1. “Novel Low GHG Heavy Oil Recovery Process”, launched in 2008. This project then led
to launch of another project, the Hot Water Vapour Project, which wrapped up in late
2013.
2. “Technology Development Concepts for Direct Contact Steam Generator”, launched in
2008.
3. Methane Venting Studies - There were several projects launched on methane venting
which have impacted the Alberta Energy Regulator’s Directive 60. (i.e. “Development of
an Interactive Web-Based Nodal Analysis of the Upstream Oil and Gas Industry for the
Purpose of Identifying and Tracking Verifiable Methane Emission Reduction
Opportunities and Projects”, “Capacity Building in China’s Upstream Oil and Gas
Industry to Reduce Methane Emissions and Energy Intensities” and other projects in
AUPRF)
4. Transportation: There have been several research projects on transportation through
PTAC as well. C-FER Technologies, based in Edmonton, came up with a technology
based on the “SuperSump” concept that creates a chamber in a salt cavern so that sand
produced by CHOPS heavy oil wells does not have to be trucked as it stays behind. As a
result, PTAC funded C-FER in 2007, and launched a project (CHOMPS) without the
sand SuperSump to further develop their work. They are currently in the process of
getting a license for commercial demonstration.
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New Paradigm Engineering, as well as other consulting firms, have reviewed the list of
initiatives that are recommended by the Conventional Heavy Oil R&D Needs Including GHG
Intensity Reduction report, and are trying to introduce projects and technologies in the identified
areas.
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Project:


Zero Emissions Wellsite – BP Canada Validation of Sun Pumper versus Tex Steam
Units
Interviewer:


Hossein MahdaviMazdeh

Interviewees:


Milos Krnjaja

Comments:
This project tested the concept of using alternative sources of energy for operating remote wellsite equipment. Two separate tests for solar and wind energy were run, and in line with
industry’s expectation, the solar energy was proven to be the more effective choice. The project
outcome affirmed that solar pumps can be a suitable alternative to the current system, effectively
and economically reducing emissions.
Although low emissions technology is not new, this project helped set specific benchmarks for
the economic feasibility of using the technology in Alberta.
A new solar pump costs 20 percent more than a new conventional pump, but the capital is
returned in a few years through energy savings and emissions reduction. Installation costs are
almost 50 percent of the cost itself, and therefore it is not economically feasible for older pumps
to be replaced. However, the technology can easily be implemented in new installations.
This project has helped not only BP, but industry as a whole, by providing a full technology
assessment, and thus justifying further projects in the field. Today, the zero emission well-site is
a proven concept that has gathered momentum, and is being implemented by the industry.
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Project:
 Airdar Phase I
Interviewer:


Hossein MahdaviMazdeh

Interviewees:


DS Prince

Comments:
The AIRDAR Technology is an innovative fugitive emission surveillance system that provides a
continuous quantification of fugitive emissions for the overall site and individual sources. A trial
of the AIRDAR technology took place at a ConocoPhillips facility between August and
November of 2006, where some of the technology’s abilities were demonstrated.
Investment in environmental technologies can be a risky venture as it is often difficult to be
profitable, however AIRDAR is an out of the box technology with a promising future. It is
considered an incremental technological innovation as opposed to a disruptive one, and it
ultimately assists in reducing the environmental risks of the industry.
The technology itself was developed in 2003, and the outcome of the PTAC launched project
was positive. The project itself helped AIRDAR to further demonstrate its technological abilities,
and in turn, the technology is now being marketed and further demonstration and projects in the
industry have occurred.
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Project:


Generation of Electric Power from Waste Heat in the Western Canadian Oil and
Gas Industry
Interviewer:


Hossein MahdaviMazdeh

Interviewees:


Jerry Keller

Comments:
This report discussed waste energy generation and areas in which the oil and gas industry could
benefit from the generation of electric power from waste heat. Some examples of areas where
industry could benefit from this study include waste heat power energy, steam Rankine cycle,
organic Rankine cycle, waste heat source scoping evaluation, steam generators, reciprocating
engines, fire heaters, etc.
The report itself, identified the above areas where industry could receive an appropriate return on
investment, and ultimately, based on the findings of this study, other projects were funded
through the TEREE program:


REMVue SlipStream (2009)



Air Fuel Ratio Controller (2010)



Stationary Engine testing (2011)



Fire-Tube Immersion Heaters Design Guide(2008)

Altogether, this study is considered to be a fundamental seed study that led to new initiatives
under the TEREE program, it motivated PTAC and its industry champions to follow up on the
technology areas that were identified in this report.
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Group projects:


SRU Incinerator Optimization



Sulphur Recovery Unit Optimization Study

Interviewer:


Amir Bahman Radnejad

Interviewees:


Bruce W. Klint

Comments:
Sulphur Experts has more than 25 years’ experience in energy efficiency within the industry. As
a result, it has built an extensive know-how and different tools that help the industry to become
more energy efficient. PTAC realized this strength within Sulphur Experts and aimed to
introduce this existing capacity to the oil and gas industry. Thus, PTAC provided research
funding in two stages (2003 and 2005) for Sulphur Experts to elaborate and build on its
knowledge in the field of energy efficiency in Sulphur Recovery Units. The outcome of this
research can be focused around two points: first, PTAC members were introduced to a better
understanding of the capabilities of Sulphur Experts in the field of energy efficiency; secondly,
Sulphur Experts could increase its own knowledge about their field of study, which introduces
more efficient processes and tools. Currently, Sulphur Experts claims that its tools and
technologies can provide approximately 1.5 million to 1 million dollars saving for companies
through decreasing fuel consumption (dependent on the size of a plant). Out of 50 units in the
province that are able to install and apply this tool, more than 70% have already applied it.
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Group projects:



Fixed Orifice Steam Traps
Preliminary Scope of Work for a Third Party Test of Venturi Orifice1 Technology
vs. Conventional Steam
Interviewer:


Hossein MahdaviMazdeh

Interviewees:


Patti Lowe (MEI resources)

Comments:
This technology, introduced by MEI Resources, has had widespread success throughout other
industries, such as the paper industry, but was not perceived as well in the oil and gas industry.
There were however, two instances of Canadian oil firms successfully implementing the project.
Shell JackPine , installed the system, with favorable results, as maintenance costs were reduced
from 25 percent to 5 percent. Shell could not however, complete an efficiency comparison due to
a lack of resources. Suncor also installed a system, with favorable results, as unlike the
mechanical trap, the system did not fail.
Unfortunately, people who were responsible were only working part-time for PTAC and lacked
the time to run an actual comparison tests. As a result, post-implementation dissemination has
not been completed. Therefore, it is recommended that a presentation be made to PTAC about
the outcome of these two implementations. MEI Resources agree that this could be beneficial to
both themselves and industry. (Note the recommendations in the conclusion section.)

1

Venturis are same as Fixed Orifice steam traps in most cases including in technologies provided and
used by MEI Resources
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Conclusion:
PTAC has been successful in the delivery of goals outlined by the TEREE program. Some of
these successes are listed below:


PTAC is a reliable source of data, as all data generated is derived directly from producer
members, unlike other research projects which are often based on hypothetical or pilot
data. This advantage gives PTAC project researchers the opportunity to have the most
accurate picture possible of the current industrial climate. In turn, PTAC`s data that is
presented to the public through conferences and published reports is an incredibly
valuable contribution to the advancement of industry.



Because of the unique collaborative model of PTAC, competitors are encouraged to work
together to share their ideas and resources. As a result of this collaboration, valuable
ideas can be recognized faster, and the implementation of these ideas can thus be
transformed into a reality more quickly.



PTAC has educated the industry in that the payback period of efficiency projects last
much longer than other investments. In the past, numerous companies in the oil and gas
industry did not accept long term payback periods due to the nature of the industry.



Additionally, PTAC has helped SME development significantly. For instance, Accurata,
a small local consulting firm has developed a solid reputation, additional expertise, and
valuable connections through participation in PTAC projects.

Recommendations:


PTAC needs to increase its marketing power. There are many companies who can
enjoy benefits of PTAC but are not currently members.



PTAC should explore the reason why some companies who can benefit from PTAC
activities are not members (i.e., membership cost, lack of marketing, human
resources constraint, lack of people with marketing capabilities, etc.)



PTAC can conduct an online survey to see what areas are most interesting to
members.



Currently, projects are not tracked after their final report is submitted. However, it is
at this stage that industry application of the projects usually begins or escalates. In
addition, the cost of follow up at this stage is negligible in comparison to the benefit
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which could be policy or technological implications. Therefore it is recommended
that champions follow up with a project and how the results are disseminated
through the industry for at least one year after the project’s closure.


It appears that emphasis on implementation of the projects has, at cases,
overshadowed the importance of dissemination and documentation of the final
results. We recommend PTAC to make an extra emphasis on this issue.
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Appendix:
List of projects that are awaiting response or have meetings scheduled:
1. Barriers to Deployment of Environmental Technologies Study
2. Review and Update of Methods Used for Air Emissions Leak Detection and
Quantification
3. LDAR (Leak Detection and Repair) – Optimizing Leak Detection Methods
List of projects where contacts are unable to participate in an interview due to: a)
confidentiality b) unavailability of further information to be provided.
1) Development of an Interactive Web-Based Nodal Analysis of the Upstream Oil and Gas
Industry for the Purpose of Identifying and Tracking Verifiable Methane Emission
Reduction Opportunities and Projects
2) Ongoing Development of Internationally Transferable Facility Evaluation Protocols and
Best Practices for Managing GHG and CAC Emissions at Oil and Gas Facilities
3) Capacity Building in China’s Upstream Oil and Gas Industry to Reduce Methane Emissions
and Energy Intensities
4) PT Brands MG22D Diesel Fuel Additive Encana Testing Results
5) Stationary Engines Testing Project
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PTAC Projects Launched Outside of AUPRF and TEREE
Reducing Capital, Operating and G&A Costs
1) Shallow Gas Dewatering Pump Consortium – A new cost effective pump to handle clay and particles
and increase its longevity.
2) Well Abandonment using Eutectic Salts - A new technology to replace cement; thereby overcome
the seal challenge.
3)Geospatial Visualization – Development of hardware and software to view, analyze and collaborate
with geospatial information
4) Pipeline Innovation Roadmap – Roadmap for technology innovation in pipelines, particularly for leak
detection, integrity management and spill cleanup and remediation.
5) Low Cost InSAR – Study of potential approaches to reduce the cost of InSAR for monitoring of SAGD
steam chambers.
6) Vacuum Insulated Tubing – Computer modelling study of the efficiency and economic benefits of
vacuum insulated tubing in SAGD.
7) Methane Venting Reductions – Conceptual engineering study of the applicability of new
technologies to reduce venting in conventional heavy oil production.
8) SME Innovation – Support to SMEs for technology development and the launch of demonstration
projects.
9)Froth Treatment Consortium - Collaborative research in froth treatment of oil sands
10) Geomatics Workplan - Collaboration to launch new geomatics and remote sensing projects.
11) Alberta's Upstream Oil and Gas Assets Inventory Study
12) Asphaltene Deposition
13) Assessment of Heavy Oil Fluid Gathering System Alternatives
14) Best Management Practices Summaries – Pilot for the preparation of a short summary of Best
Practices
15) Crude Oil Document Exchange (CDOX) Pilot
16) Development of a new technology to improve the equipment utilization rate in mining operations
17) Development of a Novel Hardfacing Material System for the Oil Sands Industry: Pseudoelastic
Composites with Nanostructured Reinforcing Particles
18) Development of Coiled Tubing Drill Strings for Sour Service Underbalanced Drilling
19) Development of Models to Predict Significant Stress Corrosion Cracking of Pipeline Steels in Near
Neutral pH Environments
20) Drilling Seasonal Load Levelling Business Case
21) Evaluation of Coiled Tubing Serviceability for Sour Service Applications
22) Exploration and Wear Corrosion Synergism and Development of Guidelines for Materials Selection
and Design
23) Fundamental Study of Bitumen Digestion Process
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24) Impact of residual bitumen removal methods on the separation of heavy minerals in the oil sands
tailings
25) In line multiphase flow meter development - For measuring flow of water, oil, gas and sand
26) Infrared Driving Technology JIP Phase I
27) Infrared Driving Technology JIP Phase II
28) Innovation Voucher Program – Support to SMEs for Innovation Vouchers
29) Intelligent Shovel Excavation in Varying Oil Sands Formation and Bitumen Content
30) Intermetallic based alloy coatings on steel structures used in oxidation, sulphidization and
carburization environments
31) Investigation of the Erosion Corrosion Mechanisms in Slurry Flow
32) Metallurgical Studies for the Production of Rutile Concentrate from Oil Sands Tailings
33) Mitigation of Harmonic Distortions in Oilfield Electrical Distribution Systems
34) Molecular Dynamics Simulation of Stress Corrosion Cracking
35) Multi-Component Oil Well Tester (MCOT) Method for Oil Well Testing
36) Nodal Analysis Project
37) Oil Sand Lump Size Estimation (LSE) by 3 D Sensing
38) Online Slurry Air content Determination and Analysis (OSADA) Technology for Oil sands
Development
39) Optimization of Steam Generator Performance
40) Particle Flow Modelling of Oil Sands Excavation
41) Performance evaluation of shale for ensuring hydraulic isolation around thermal wellbores
42) Pipelineable Bitumen and Heavy Oil Project - NCUT/AST
43) Predicting Internal Pitting Corrosion of Multiphase Pipelines
44) Progressive Cavity Pump Run Life Improvements
45) R&D Oil and Gas Database
46) Reducing the Cost of Tank Cleaning in Heavy Oil Operations
47) Remote Sensing Technology Action Plan – Collaboration to launch remote sensing projects
48) Research and Software Development Project to Reduce Drilling and Completion Costs Associated
with Borehole Instability
49) Research into cold (25°C) conditioning of oil sands with regard to solids reduction in froth through
solvent/demulsifier nascent froth and naptha/paraffinic diluent prost production froth treatment
schemes
50) Rotator Project
51) Solids Distribution in Hydrotransport Process
52) Technical Contact Support, Oil and Gas Needs Information, and Communications Support to
Canadian SMEs (Small and Medium Enterprise's)
53) Trusted Communication Project
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Managing Environmental Impacts –in addition to the 274 AUPRF and 28 TEREE Projects
1) Alberta CO2 Purity project – Study and laboratory work to identify the optimum specification
for CO2 purity.
2) Distributed Energy Efficiency Projects Platform (DEEPP) – Development of a Cloud database for
the management, validation and registration of energy efficiency assets and for CO2 offset
credits.
3) Zero Emissions Wellsite – Demonstration of new technology by Trido Industries for eliminating
emissions at remote wellsites.
4) Petroleum Emissions Management Accelerator (PEMA) – Study of the potential for emissions
reductions in conventional oil and gas.
5)

Innovative Application of Electricity – Study of the electrical technologies that could be used in
the oil sands.

6) Alternative Energy Solutions to Replace Natural Gas for Oil Sands Development (Phases I, II, III)
– Study of alternative sources of energy for the oil sands, such as nuclear energy.
7) Pipeline Abandonment: Cleaning and Testing Methods for Contaminants in Abandoned
Pipelines - Study of the potential contaminants in abandoned pipelines, as well as the methods
for cleaning and testing.
8) Pipeline Abandonment: Corrosion and Collapse of Abandoned Pipelines - Study and computer
modeling of the corrosion and collapse mechanisms in abandoned pipelines.
9) Pipeline Abandonment: Decomposition Products from the Coatings of Abandoned Pipelines Study of the potential products from the decomposition of coatings that could contaminate
groundwater.
10) Pipeline Abandonment: Effect of Frost Heave on Abandoned Pipelines - Study of the potential
for frost heave to expose abandoned pipelines in Canadian farmland
11) Resource Emissions Management Technology Action Plan - Collaboration to develop energy
efficiency projects.
12) Nationally Appropriate Mitigation Action Plan (NAMA) - Collaboration with the United Nations
for emissions reduction projects in Columbia and Mexico.
13) Geotechnical Behaviour of Oil Sands Paste Tailings / Geotechnical Physics of Producing
Thickened Tailings (Paste)
14) Heavy Oil Vent Gas Utilization – Study of new technologies to reduce methane venting in heavy
oil operations
15) PTAC Carbon Capture and Storage (CCS) study
16) Role of Microbial Process on Sulfate Enriched Tailings Deposits
Improving Oil and Gas Recovery
1) Artificial Reservoir – Study of the development of large scale (room size) physical modeling of
reservoir processes.
2) Hot Water Vapor Project – A new technology to increase recovery from CHOPS
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3) Airborne Mapping – A new exploration tool for hydrocarbon discovery that can be used to map
the growth of steam chamber
4) Ultra-light Weight Proppant – A new technology to reduce power and water consumptions
from hydraulic fracturing, yet increase production and reserves.
5)

Hydraulic Fracturing Practices – Study of the existing and emerging practices and technologies
for hydraulic fracturing in Alberta.

6) Bitumen Production Fundamentals Research Group - Collaborative research in bitumen
production fundamentals
7) Clean Bitumen Technology Action Plan - Collaboration to launch new oil sands technology
projects.
8) Phoenix -Collaboration to develop oil sands projects.
9) Petroleum Technology Research Centre R&D Program
10) A Mechanistic Study on Foamed Gel Technology
11) A Microstructural Approach to Modelling Sand Production
12) A New Measurement while drilling surveying technique employing the technology of fiber
optic gyroscope in a strap down inertial navigation system
13) Altering Wettability – A technology to improve gas production in liquids rich deposits
14) At Face Slurrying: Advancing innovative technology for oil sands production
15) Borehole Stability and Sand Production Risk Assessment Software Phase
16) C02 WAG Flooding
17) Carbonate Triangle and Conventional Heavy Oil – Lowest GHG Production Scenario - An
Exploration Study - Study to identify opportunities for developing new technologies for oil
sands and heavy oil deposits
18) Casing Deformation Study
19) Characterization of Conventional Oil and Gas, Heavy Oil and Bitumen Formations using low
field NMR Spectroscopy
20) Controlled Gas Phase Combustion within Porous Media
21) Cyclic Solvent Based Process for Heavy Oil Reservoirs
22) Cyclic Waterflood Simulation Study
23) Data Sufficiency for Petroleum Reservoir Decision Making
24) Destabilization of Emulsified Water and Fine Solids Through Asphaltenes Precipitation
25) Development of Full Project Engineering and Economics for the Vapex Process
26) Economically Beneficial Waste Gas Injection for Medium/Heavy Oil Depletion
27) Effect of Gas Pressure Induced Dilation on Permeability Change of Oil Sand and Surface Heave
28) Effect of Residual O2 in CO2 for a Combined Miscible Flood/CO2 Sequestration Process
29) EnergyINet Increased Recovery of Conventional Oil & Gas Business Case
30) Enhanced Gas Recovery by Downhole Compression
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31) Enhanced oil recovery by urease catalyzed, microbial calcium carbonate blocking
32) Enhanced Waterflooding Using Toe to Heel Displacement
33) Evaluation of miscible and sub miscible flue gas injection for improved recovery of light oils and
sequestering of greenhouse gases
34) Experimental and Modelling Study of the Kinetics and Thermodynamics of Hydrate
Decomposition
35) Field Pilot for Near Well Treatment to Reduce Gas Coning/ Channelling
36) Field Pilot for Water Abatement in Gas Reservoirs
37) Field Pilot to Remove Pyrobitumen Blockage from Oil and Gas Reservoirs with the PRIstine™
Process
38) Flue Gas Steam Simulation – New technology for enhanced recovery of heavy oil
39) Foamy Oil Behaviour: Beyond the Cold Production Process
40) Foamy Oil Flow in Cold Production of Heavy Oil
41) Foamy Oil Flow Modeling Including Non Equilibrium and Mobility Effects
42) Gel Foam Applications
43) Geological Controls on the Isotope Geochemistry of Formation Gases in the Alberta Oilfields
44) Geostatistical Characterization of Naturally Fractured Reservoirs
45) Gravity Stable Waterflooding
46) Identification and Assessment of Low Pressure SAGD Wellbore Architecture Alternatives
47) Identifying “Sweet Spots” in Basin Centered Gas Accumulations
48) Impact of Asphaltene Solvent Interaction on Vapex Process
49) Improved Formation Evaluation of Carbonate Reservoirs
50) Improved Water Production Prediction in Carbonates
51) Increasing Gas/Oil Recovery from Naturally Fractured Reservoirs with Water Coning Problems:
Process Understanding and Field Applications
52) Injection/Falloff Testing for Low Permeability Reservoirs - Perm PT
53) Investigation of Interfacial Mass Transfer Mech. in the VAPEX Process for Heavy Oil Recovery
54) Low Cost, High Performance Diverting and Blocking
55) Novel Conventional Heavy Oil EOR and Direct Contact - Steam Generation Innovation – Study
of energy efficient methods for steam generation and aoolcation to heavy oil recovery
56) Novel Low GHG Recovery Technology for Canadian Heavy Oil – New technology for enhanced
recovery of heavy oil
57) Regain Permeability in Tight Gas Reservoirs
58) SAGD Application in Reservoirs with Depleted Gas Caps
59) Scale up of Dispersion Coefficients in Vapex Process
60) Screening of Alberta Pools for C02 Injection
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61) Seismic Monitoring for Enhanced Heavy Oil Recovery
62) Seismic velocity anisotropy and depth imaging
63) Seismic Velocity Imaging of the Steen River Crater: Technique Development for Exploring
Crater Reservoirs
64) Spudding Innovation - Study of opportunities for improving oil and gas production in western
Canada
65) Thermal Solvent Process Field Scale Engineering & Economics
66) Toe-to-heel air injection (THAI)
67) Unconventional Heavy Oil Roadmap – Roadmap of heavy oil technology needs
68) Vapex Engineering and Economics, Phase 3
69) Water Abatement in Gas Reservoirs
70) Water Abatement in Gas Wells
71) Water Content and Physical Properties of Acid Gases
72) Water in Crude Oil Emulsion/Study of the Stability of Micron Sized Water Droplets in a
Continuous Oil Phase by Molecular Modelling
73) Wireless Digital Sensors and Analysis Systems for Monitoring Petroleum Reservoirs
74) Projects Enabled by PTAC Facilitated Pre-Pilots:
75) Devon DOVAP
76) EnCana Foster Creek VAPEX
77) Nexen Plover Lake VAPEX
78) Nexen VAPEX Winter
79) Orion Oil Canada THAI Pilot
Improving Value-Added Products
1) Mapping Unconventional Resources - Cardium – Identification of technology opportunities
associated with hydraulic fracturing developments in the Cardium Play region.
2) Creating More Value from Asphaltenes – Worldwide search for new technologies for adding
value to asphaltenes.
3) Bio upgrading for Heavy Crude Quality Improvement
4) Evaluation of Markets for Produced Sand
5)

Fundamental Study of the Roles of Fines in Upgrading

6) Heavy Oil Upgrading with Water via Super Critical Partial Oxidation
7) In Situ and Refinery Upgrading of Vapex Heavy Oil Production for Increased Value and Reduced
Emissions - VAPEX Phase II
8) VAPEX Refinery Upgrading Project
Others:
A&D Data Exchange Project
Understanding Impact Generated Hydrocarbon Reservoirs
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