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About COSIA
Canada’s Oil Sands Innovation Alliance (COSIA)
is an alliance of oil sands producers focused
on accelerating the pace of improvement in
environmental performance in Canada’s oil sands
through collaborative action and innovation.
The alliance was launched March 1, 2012, when
companies came together in Calgary, Alberta to sign the
COSIA charter, signifying their agreement with COSIA’s
vision, their support of our alliance’s beliefs, and their
pledge to uphold the commitments put forward in
the charter.

measurement, accountability and environmental
performance in the oil sands in four priority areas. These
four Environmental Priority Areas (EPAs) are tailings, water,
land and greenhouse gases.
We accomplish our objectives through a continued focus
on collaboration and transparent exchange, by setting
environmental performance goals, and by reporting
publicly on progress towards these goals.
Progress towards these goals will be achieved by
breaking down barriers to innovation, and by identifying,
developing and applying solutions-oriented innovation to
the most pressing oil sands environmental challenges.
COSIA members represent almost 90 percent of the
oil sands production in Canada.

We bring together leading thinkers from industry,
government, academia and the wider public to improve

Progress through open innovation
By focusing on four Environmental Priority
Areas—Greenhouse Gases, Land, Tailings, Water
— we bring the many and the brightest minds
together to face specific challenges, shortening
innovation timelines across the oil sands industry.
COSIA members work together, drawing on and
combining each other’s technology expertise and
innovation to create breakthrough technologies.
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Through COSIA’s open sourcing approach to identifying
solutions, technologies that may have been created for
purposes other than oil sands are looked at for their
potential to close gaps in the oil sands. And anyone,
from large innovation hubs and multi-nationals to garage
inventors, can submit an idea for consideration through
COSIA’s Environmental Technology Assessment
Portal (E-TAP).
Projects include everything from theoretical papers to lab
tests to field trials and everything in between. COSIA is
the world hub for industry experts, vendors and suppliers,
innovators and inventors, technology developers,
academic researchers, and government scientists and
representatives, to focus on innovation for the oil sands.
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FOREWORD

Building a Culture
of Collaboration
As a scientist, I know that the path towards meaningful
innovation is seldom linear. The concept of trial and error
sits at the core of scientific discovery and technological
progress. Success requires diligence, patience and a
willingness to build on lessons learned.
As we mark the sixth anniversary of the founding of
COSIA, I’d like to share some reflections about our model
and our collaboration journey.

Success requires diligence, patience and a
willingness to build on lessons learned.
Have there been obstacles or detours along the way?
Absolutely. Like many things in life, collaboration and
innovation get better with practice. You learn what
works and what doesn’t. And, if you are smart and have
the courage, you make adjustments to maximize your
successes and minimize the potential for failure.
What are some of the adjustments the smart, courageous
people at COSIA have made as our organization evolved?
I think a better understanding of what I’d call the “culture
of collaboration” is key — the insight that nurturing
our culture is about much more than establishing and
adhering to strict rules of engagement.
When we founded COSIA we spent a lot of time on
structure, process and legal agreements. This was
essential when we were new. After all, we were doing
what no industry had done before – bringing together
a group of fierce competitors and asking them to share
knowledge and technologies that had traditionally been
considered proprietary.
The true power of the COSIA model is that it is about
true collaboration, rather than simple cooperation. There
are many examples of companies coming together to
cooperate in other sectors so long as it serves their
individual corporate interests. But as far as we know,
3 I COSIA

COSIA is the only example of former competitors
agreeing to share hard-earned innovations and
intellectual property to serve the common interests of
an entire industry.
Although many of the rules of governance we established
during COSIA’s early days remain critical, we’ve also
learned the importance of fostering a culture of trust and
respect, along with a recognition that we are strongest
when we work together. We also continue to look for new
ways to allow external voices to be part of the process.
We’ve learned that if we aren’t being challenged by
outside experts and stakeholders, then the conversation
we’re having risks becoming too insular.
The fact is that collaboration is a skill and, like any other
skill, it can be taught and refined. And because of that,
COSIA can put in place incentives and training to ensure
the quality of collaboration steadily improves at the
individual, company and sector level.

We’ve learned that if we aren’t being
challenged by outside experts and
stakeholders, then the conversation we’re
having risks becoming too insular.
Another key discovery is successful collaboration leads
to an appetite for more. Member companies are more
comfortable with sharing knowledge and research. Today,
we can collaborate on the whole spectrum of technology
development, both above ground and below surface.
As we do so, we have never been better positioned to
deliver on our core mission: accelerating the pace of
improvement in environmental performance in Canada’s
oil sands.
The past few years have been challenging for the oil
sands, with “lower for longer” commodity prices, and all
that entails for corporate balance sheets. But through it

all, the commitment of our member companies to COSIA
has not waned; if anything, it has strengthened.
Every year for the past five years, our project count has
gone up, as has the dollar value of our project portfolio.
By the end of 2017, COSIA had shared 981 distinct
technologies and innovations that cost over $1.4 billion
to develop.
One of the many ways COSIA is unique is the fact that
the most senior executives of our member companies
founded this organization and continue to provide visible
and collective leadership when it comes to our vision and
innovation priorities. In all that we do, we benefit from
the guidance of Canada’s Oil Sands CEO Council, which
meets every six weeks to discuss issues of mutual interest
and collaboration.

years or more for a potentially transformative oil sands
technology to move from concept to implementation. I
share their desire for faster outcomes. But my scientific
background tells me that when you are developing
and testing major changes in technology, the best way
to accelerate progress is to tap into as much different
experience and expertise as you can. This is what COSIA
does. The teams within COSIA care deeply about the
environmental future of our country, and we will continue
to use our collaboration model to accelerate the pace
of progress.

In the largest of these, the NRG COSIA
Carbon XPRIZE, we are mobilizing the best

Another good example of leadership is the identification
of two new areas of activity by our member companies: in
situ subsurface steam, and in situ waterless extraction.

minds around the world to compete for a total

Why these two? Because that’s where, going forward, our
companies told us they want to move the yardsticks on
technology using collaboration, particularly in the critical
area of greenhouse gas (GHG) emission reduction.

carbon and turn it into a valuable resource.

One of the paradigms we use at COSIA is to not only
drive environmental performance improvement in our
sector, but also to advance ideas and technologies that
could have a positive global impact.
That’s what’s driving COSIA competition Challenges on
a range of environmental performance improvement
technologies (see COSIA.ca for more details). In the
largest of these, the NRG COSIA Carbon XPRIZE, we are
mobilizing the best minds around the world to compete
for a total of US$20 million for innovations that can take
carbon and turn it into a valuable resource. That kind
of innovation has application far beyond the oil sands
industry; in fact, over time it could benefit any country,
sector, company or individual producing carbon dioxide.

of US$20 million for innovations that can take

Going forward, we need to always think deeply about
what we do well, and always have the courage to change
things we could do better. Six years on, the unique
marriage of collaboration and innovation that COSIA
embodies is well beyond the newlywed stage. We are
now well into the heavy lifting of making this relationship
work over the long haul! As with any good marriage, it
won’t always be easy – but it will always be worthwhile.
And with experience and dedication, we will get better at
realizing our shared aspirations, day after day.

I recognize there are those who say we should be doing
more and who express impatience that it can take several
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163
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technologies

31

$

million

Cost of active
projects

33

Active projects

GREENHOUSE GASES
Environmental Priority Area
Insights into GHG emission reductions:

1
2
3
4
5
6
7
8
9
10

Natural Gas Decarbonization Global Technology
Scan and Evaluation
CO2 Capture Sorbent Performance Evaluation
Carbon Infrastructure Study
Mining Hot Water Production Challenge
CO2 Recovery Unit Horizon H2 Plant
CESAR SAGD Cogeneration Study
Seasonal Area Fugitive Emission Measurements of
Methane and Carbon Dioxide
Alberta Carbon Conversion Technology Centre
High Temperature Membranes for Steam/CO2
Separation for Direct Contact Steam Generation
CO2 Capture from Hydrogen Plants
– Assessment of Orbital ATK Capture Technology
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GREENHOUSE GASES
OPPORTUNITY AREAS AND GAPS

Optimizing
Facility Energy
Integration

Waste Pressure
Recovery and
Utilization

Optimizing
Water/Energy
Balance

High Grade Heat
Recovery (from
Flue Gas) and
Utilization

IN SITU

ENERGY
EFFICIENCY

Low-Grade
Heat Recovery
and Utilization

Retrofitting
Existing Steam
Generation
Technology

New Steam
Generation
Design

Subsurface
Heat Loss

Post-Combustion
Capture Processes

IN SITU

CARBON CAPTURE,
STORAGE AND
CONVERSION

Understand
Available CO2
Storage Capacity
Oxy-Fuel
Combustion
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COSIA EPA members will strive
to produce oil with lower
greenhouse gas emissions
than other sources of oil.

STEAM DEMAND
REDUCTION

CROSS CUTTING
(IN SITU)

GREENHOUSE
GASES

CO2
Conversion

CROSS CUTTING

LOW CARBON
HEAT AND
POWER

Optimal
CO2 Transport
Design

New Low Carbon
Heat and Power
Technologies and
Approaches

Optimized Steam
Generation and use
in Extraction and
Froth Treatment

Alternatives
for Optimizing
Hot Water
Production

MINING &
EXTRACTION

ENERGY
EFFICIENCY

Extraction
Process
Improvements
and Alternative
Technologies to
Reduce Energy
Use
Low/No Carbon
Alternatives to
Diesel Fuel

Optimize
Fleet Utilization
and Design
Mine Fleet
Engine Efficiency
Improvements

Reducing
Electricity
Demand
MINING &
EXTRACTION

MOBILE FLEET

Quantifying
Area Fugitive
Emissions
MINING &
EXTRACTION

FUGITIVE
EMISSIONS

MINING &
EXTRACTION

Electrification
with Low/No
Carbon Fuels
and Energy

Other Use
of Biomass

Reduce Fugitive
Emissions From
Tailings Ponds
and Operations

MINERALS
HANDLING

Existing and
Novel Tailings
Handling

Optimize Other
Materials Handling
Techniques

Reduce Fugitive
Emissions From
the Mine Face
and Extraction
Process
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GHG EPA: TECHNOLOGY FUNNEL (DECEMBER 2017)

DISCOVER

DESIGN

Natural Gas
Decarbonization

Hybrid CO2 Capture
CO2 Adsorption

CO2 Pipeline
Infrastructure

CO2 Gas
Hydrate
Storage

O2 Production

Tailings GHG Reduction
Hydrogen from H2S

Mine Face GHG Reduction
Ore Handling
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DEVELOP

DEPLOY

Direct Contact
Steam Gen
(with CO2 Separation)

Haul Truck Technology

Flue Gas
Heat Recovery
– SAGD & Mine
CO2 Capture
from Syngas

Molten Carbonate
Pilot FEED

Alberta Carbon Conversion
Technology Centre

NRG COSIA Carbon
XPRIZE
ATK Anti-Sublimation
CO2 Capture

Tailings Solvent
Heat Recovery

Heavy Haul
Truck Bi-Fuel

Vacuum Insulated Tubing
GHG Sat
Open Path - Fourier Transform
Infrared for Area Fugitives

TIME TO IMPLEMENTATION
Implementation Ready
0-3 Years
4-6 Years
7-10 Years
>10 Years
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SEEKING NATURAL GAS COGENERATION TECHNOLOGIES FROM
AROUND THE GLOBE

Natural Gas Decarbonization Global Technology Scan
and Evaluation
OVERVIEW
Steam assisted gravity drainage (SAGD) operations
combust large quantities of natural gas to produce steam,
which is then used to heat bitumen underground and
cause it to flow to the surface.
COSIA seeks natural gas decarbonization technologies
that would process the natural gas to reduce its carbon
content before it is burned in steam generation. In this
way, the potential technologies would use part of the
natural gas supply as fuel and/or heat, and yield coproducts that could be used as other commodities or
repurposed in other parts of oil sands process, such as
diluent or solvent.
Following a literature scan and high-level analysis
of potential technologies identified through COSIA’s
Environmental Technology Assessment Portal (E-TAP),

the Natural Gas Decarbonization Global Technology Scan
and Evaluation project, led by Canadian Natural with
participation by Suncor and Imperial, is a more detailed
review of all potential chemical pathways for natural
gas decarbonization. The research provides valuable
information to support future phases of technology
development.

THE TECHNOLOGY
The study ranks the identified technologies against
various environmental and economic criteria.

OBJECTIVE
By reviewing and evaluating potential natural gas
decarbonization technologies from other industries
around the world, the project aims to perform a high level
environmental and economic evaluation of the chemical
pathways and/or technologies potentially available for use
by the oil sands industry.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
• U
 sing methane to make hydrogen for fuel and other
saleable products is transformational because it uses
the carbon in methane, which would otherwise be
released as carbon dioxide (CO2)
• R
 educing net emissions of CO2 from operating
facilities.

OUTCOMES
 final report of technologies, each ranked against a set
A
of environmental and economic criteria, to be used to
narrow down those possibilities worthy of further analysis.

Kirby South Steam Generators (photo credit:
Canadian Natural)

LEAD COMPANY: CANADIAN NATURAL OTHER PARTICIPANTS: COSIA GHG ENVIRONMENTAL PRIORITY AREA COMPANIES
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2

CO2 CAPTURE SORBENT PERFORMANCE EVALUATION

Developing a Method to Screen Materials for
CO2 Capture
OVERVIEW
Despite a significant effort to develop new materials—
sorbents—for carbon dioxide (CO2) storage, the research
has typically not moved beyond the discovery phase
to a lab or pilot study. Without the application of the
sorbents in real-life industrial processes, it is impossible
to understand how they may impact the performance of
an operation. The CO2 Capture Sorbent Performance
Evaluation, ongoing at Imperial College, will establish
performance criteria and a screening methodology to
evaluate existing or new sorbents for application by the
oil sands industry.

OUTCOMES
• A
 materials database of existing public domain data
of liquid and solid phase sorbents applicable to the
oil sands industry
• A
 sorbent evaluation toolkit to facilitate a
comprehensive evaluation of any new sorbents as
well as to provide guidance on material performance
targets that are relevant to the oil sands industry.

THE TECHNOLOGY
The study will review existing sorbents used for CO2
capture to develop a methodology for oil sands operators
to evaluate their use at their facilities.

OBJECTIVE
The project aims to develop a mathematical tool to:
• E
 stablish a performance benchmark for adsorbent/
absorbent-based CO2 processes and materials
• E
 nable the efficient evaluation of solid and liquid
materials for CO2 capture
• G
 uide the identification of the desired properties for
sorbent-based CO2 capture systems that are relevant
to oil sands operations.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
CO2 capture and storage will drastically reduce
greenhouse gas emissions from oil sands operations.

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: COSIA GHG ENVIRONMENTAL PRIORITY AREA COMPANIES
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CARBON INFRASTRUCTURE FOR OIL SANDS

Developing a Pipeline for CO2
OVERVIEW

THE TECHNOLOGY

Carbon dioxide (CO2) capture, utilization and storage—or
CCUS—is expected to play an important role in reducing
global greenhouse gas emissions. In this context, there is
much research and development ongoing into how the
gas is best captured, stored and, perhaps, transformed
into something else. Another factor receiving significant
attention is how CO2, once contained, is transported
and either saved in reservoirs or ‘put to use’, with or
without conversion.

A capacity and economic model of CO2 volumes in the
oil sands region of northeast Alberta was developed.
From there, a pipeline network, with a specified number
of inputs or receipt nodes, and a specified number of
delivery nodes, was mapped. The model is flexible to
allow the user to select and deselect the receipt and
delivery nodes and change volumes for transportation.

The Carbon Infrastructure Study aims to develop a model
for moving CO2 that starts from where it is captured and
compressed (i.e., the input) to a delivery point (i.e., the
output), either for use or storage. It will identify the cost of
transportation per metric tonne of CO2 equivalent for each
combination of input and output sites, and characterize
the quality specifications for each input and output, both
at optimal and tolerable ranges.

OBJECTIVE
• D
 evelop a simple capacity and economic pipeline
model for a network of compressed CO2 pipelines
• Identify input and output specifications and
acceptable ranges from known and anticipated input
and output sites
• Review status of other carbon infrastructure systems
• Identify an approximate cost to connect to these
carbon pipelines.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
CO2 capture has the potential to drastically reduce
greenhouse gas emissions from oil sands operations.

OUTCOMES
• Pipeline hydraulic and techno-economic model
• F
 inal report including an overview and observations
concerning modelling, design conditions and
linkages to external CCS infrastructure, as well as a
description of how to use the model, how it functions,
and the sources of information used.

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: COSIA GHG ENVIRONMENTAL PRIORITY AREA COMPANIES
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MINING PRODUCTION HOT WATER CHALLENGE

Improve the Greenhouse Gas Efficiency
of Bitumen Separation
OVERVIEW

THE TECHNOLOGY

Oil sands mining and extraction processes require
commercial scale (1,000 - 10,000 m3/hr) hot water in the
20 - 90°C range. Currently, this hot water is produced
indirectly through contact with steam produced in natural
gas-fired boilers and cogeneration units, as well as with
waste heat.

The successful technologies will:

Through the ARCTIC Sprint Challenge, COSIA
seeks technologies that can replace or supplement
conventional hot water production approaches in either
new or existing mining operations without using existing
(or new) steam resources for heat exchange purposes.
Technologies will result in significant greenhouse gas
(GHG) emissions reductions over existing hot water
production approaches.
In October 2016, Western Canada-based Inproheat
Industries Ltd. and Ontario-based Combustion & Energy
Systems were shortlisted from a global pool of innovators
to advance their technologies for reducing GHG
emissions and increasing energy efficiency during oil
sands mining.
The two companies move on to a six-month “sprint” to
ready their technologies for a field demonstration with
COSIA members. The sprint includes water chemistry
testing and a comparative analysis of GHG avoidance
costs as well as water heating performance. At the
completion of the sprint, one solution will be selected for
additional funding for field testing.

• B
 e able to scale-up to heat a water flow rate of 1,000
m3/h at minimum, and up to at least 10,000 m3/h or
more
• P
 roduce hot water in the 20 - 90°C range, with a net
20°C increase from the starting temperature, with
final water temperature at a minimum of 20°C
• B
 e considered for retrofit in existing and new
operations.

OBJECTIVE
By supporting the Challenge, COSIA seeks to assess
novel alternatives to hot water production at mining
operations, which lower GHG emissions.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Technologies that result from the challenge will result in
significant GHG emission reductions over existing hot
water production approaches.

OUTCOMES
• O
 ne or two technologies to pursue for field
demonstration.

Along with COSIA, the ARCTIC [Advanced Resource
Clean Technology Innovation Centre] Mining Hot
Water Production Challenge was sponsored by
Alberta Innovates and B.C.-based Foresight Cleantech
Accelerator Centre.

COSIA, Saskatchewan Research Council and Inproheat members
with the Subcom pilot unit for the COSIA Hot Water Challenge

LEAD COMPANY: TECK OTHER PARTICIPANTS: COSIA GHG ENVIRONMENTAL PRIORITY AREA COMPANIES ALBERTA
INNOVATES, FORESIGHT CLEANTECH ACCELERATOR CENTER
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CO2 RECOVERY UNIT HORIZON HYDROGEN PLANT

Contributing Technology to Capture and Use 438,000
Tonnes of CO2 per Year
OVERVIEW

THE TECHNOLOGY

Since 2009, Canadian Natural’s Horizon Oil Sands has
been adding purchased carbon dioxide (CO2) to tailings to
enhance solids settling rates, keeping the pond at roughly
half the size it would have been without that process. The
CO2 is added into the tailings stream before it enters the
pond, where it creates a chemical reaction that changes
the tailings water pH level to the same as river water,
allowing the solids to settle more quickly. This accelerated
settling enables the quick release of clear and warm
process water for recycling.

Horizon’s CO2 Recovery Unit separates CO2 from
hydrogen pre-Pressure Swing Adsorption synthesis gas
(syngas) stream.

Horizon’s new CO2 recovery unit allows Canadian Natural
to capture up to 50 tonnes/hour of CO2 from its hydrogen
plant, or the capacity to capture 438,000 tonnes of CO2
annually. The captured gas is then applied to its own
tailings management processes. The plant will also
produce a total of 144 million standard cubic feet per
day of hydrogen, doubling Horizon’s current hydrogen
capacity. Hydrogen is used in secondary upgrading to
stabilize the synthetic crude oil and reduce impurities.
The specific design materials from the CO2 recovery unit
technology have been contributed by Canadian Natural
for use by COSIA member companies.

Canadian Natural will share its CO2 Recovery Unit with
COSIA members, including:
• Process description
• CO2 capture unit gas feed and CO2 product
conditions, compositions and flow rates
• Heat and mass balances
• Process flow diagrams (PFDs) of CO2 recovery
• P
 iping and instrumentation diagram (P&IDs) of
CO2 recovery
• Utility summaries and design conditions
• Plant performance based on design
• Waste characterization and execution strategy.

OBJECTIVE
The project installed a CO2 recovery unit with capture
capacity of 438,000 tonnes/year of CO2 from syngas.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
 he project has a capture capacity of 438,000 tonnes/
T
year of CO2 from syngas.

OUTCOMES
• 4
 38,000 tonnes/year of CO2 recovered from a
syngas stream at Canadian Natural’s Horizon
operations, which is then applied to the company’s
tailing management processes
Horizon Oil Sands hydrogen and CO2 facility (photo credit:
Canadian Natural)

LEAD COMPANY: CANADIAN NATURAL
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• M
 aterials from the detailed design phase for use by
COSIA member companies to adapt for use at their
own hydrogen facilities.

6

CESAR SAGD COGENERATION STUDY

Examining the Role of SAGD Cogeneration in the
Clean Energy Future
OVERVIEW

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS

CESAR [Canada Energy Systems Analysis Research] is an
initiative of Dr. David Layzell, a professor at the University
of Calgary, to encourage and communicate research and
critical analysis around Canada’s energy systems. The
study explored the opportunity of cogeneration to ease
the transition from coal power and also to enable the use
of more intermittent renewable energy by providing
back-up power.

SAGD cogeneration has the potential to reduce the
province’s greenhouse gas emissions, easing the
transition from coal power and enabling more intermittent
renewable energy by providing backup power.

THE TECHNOLOGY
Part A of the CESAR steam assisted gravity drainage
(SAGD) Cogeneration Study focused on a 33,000 barrels
per day (bpd) SAGD facility to consider the environmental
and economic implications associated with a wide range
of different operational scenarios.
Part B involved a technological, economic and
environmental assessment of the entire electricity grid as
well as all the SAGD production in the province of Alberta.
It demonstrated the potential of SAGD cogeneration to
address the province’s greenhouse gas footprint and
explore the policy alternatives needed for deployment.

OUTCOMES
• T
 wo study reports, available to the public from
www.cesarnet.ca, detailing the facility perspective
(Cogeneration Options for a 33,000 BPD SAGD
Facility: Greenhouse Gas and Economic Implications)
and the provincial perspective (SAGD Cogeneration:
Reducing the Carbon Footprint of Oilsands
Production and the Alberta Grid).

“...it is strategically more important to both
the Canadian and Albertan economies, that
the province achieves a major reduction

OBJECTIVE

in the GHG intensity of its oil sands crude

The project delivered a two-part study that used various
technological, economic and environmental modelling
approaches to test the hypothesis that the large-scale
integration of cogeneration into oil sands is the most
cost-effective way to:

production, than a major reduction in the

• R
 educe the greenhouse gas footprint of oil sands
crude production
• R
 eplace coal-fired generation on the public electrical
grid of the province of Alberta

GHG intensity of the Alberta grid.”
- Source: Layzell DB, Narendran M, Shewchuk E
Sit SP. 2016. SAGD Cogeneration: Reducing the carbon footprint
of oilsands production and the Alberta grid. CESA Scenarios
Vol.1, Issue 4: 1-37

• B
 ack up non-dispatchable renewables on the
public grid.

LEAD COMPANY: NEXEN OTHER PARTICIPANTS: CANADIAN NATURAL, CENOVUS, SUNCOR, UNIVERSITY OF CALGARY
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SEASONAL AREA FUGITIVE EMISSION MEASUREMENTS OF
METHANE AND CO2

Developing a Holistic Approach to Measuring Area
Fugitive Methane and CO2 Emissions
OVERVIEW

THE TECHNOLOGY

Oil sands mining operators are required to conduct
annual measurements of carbon dioxide (CO2) and
methane emissions from tailings ponds and mine faces,
known as fugitive emissions.

 ork is underway to research and guide the
W
implementation of improved technologies that will:

The Seasonal Area Fugitive Emission Measurements of
Methane and CO2 project, led by Canadian Natural, is
working to enhance the accuracy of greenhouse gas
(GHG) emission measurements from the oil sands region
and provide a more representative emission profile.
The research will help address some of the challenges
faced by industry in quantifying the rates of methane and
CO2 emission and will allow the implementation of more
effective strategies to reduce these emissions.

• Use a larger measurement footprint
• B
 uild a sensor to measure CO2 and methane
emissions
• P
 rovide long-term monitoring for year-round
measurements
• Detect the range of expected emissions
• Be economically feasible to implement.

OBJECTIVE
To develop fugitive emission measurement tools,
including advanced sensors, laser and fibre-optic
technology, as well as computer models and
meteorological data to measure emissions at source
and their dispersion in the atmosphere.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
• A
 ccurate measurements of methane and CO2
emissions through all seasons providing a
representative emissions profile, and mitigation
strategies to effectively reduce emissions from
area sources
• T
 ransferable technology solutions to other
industrial sectors.

OUTCOMES
• Commercially proven technologies
• Guidelines for fugitive emissions measurement
• More accurate emissions profiles.
Area fugitive emissions measurement (photo credit:
Canadian Natural)

LEAD COMPANY: CANADIAN NATURAL OTHER PARTICIPANTS: IMPERIAL
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ALBERTA CARBON CONVERSION TECHNOLOGY CENTRE

Unique CO2 Conversion Testing Facility
OVERVIEW

OUTCOMES

In 2017, up to $20 million in funding was announced
by the Government of Canada and the Government
of Alberta for the development of the Alberta Carbon
Conversion Technology Centre (ACCTC). The ACCTC
will be one of the few places in the world where carbon
conversion technologies can be tested at a commercial
scale. Finalists in the natural gas track of the NRG COSIA
Carbon XPRIZE will be among the first tenants to test
solutions at the ACCTC, starting in 2018.

The ACCTC will fill a gap in the CO2 conversion innovation
system, providing a one-of-a-kind facility to accelerate
the development of CO2 conversion technologies. It will
be available to finalists in the NRG COSIA Carbon XPRIZE
in the second quarter of 2018. Following the award of
the competition prize, it will be made available for use
by developers seeking to demonstrate their carbon
conversion technologies at a commercial scale.

THE TECHNOLOGY
The ACCTC will be owned and operated by InnoTech
Alberta, a subsidiary of Alberta Innovates. It will consist
of five test bays, each to be tied into existing flue gas
from one of the natural gas turbines at the Shepard
Energy Centre in Calgary. The flue gas will be delivered
at operating temperature and pressure, containing
approximately three to five percent carbon dioxide (CO2),
providing a feed stream of up to 25 tonnes per day
of CO2.

OBJECTIVE
Design, build and operate a one-of-a-kind-facility to test
carbon conversion technologies at a commercial scale
that will be operated by InnoTech Alberta.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
CO2 conversion technologies have been identified
as a significant opportunity to offset greenhouse gas
emissions, turning CO2 from a liability into an asset.

Rendering of new Alberta Carbon Commercialization Centre
under construction at Shepard Energy Centre

LEAD COMPANY: CONOCOPHILLIPS CANADA OTHER PARTICIPANTS: CANADIAN NATURAL, CENOVUS, DEVON, NEXEN, SUNCOR,
GOVERNMENT OF ALBERTA, GOVERNMENT OF CANADA, SHEPARD ENERGY CENTRE, INNOTECH ALBERTA
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HIGH-TEMPERATURE MEMBRANES FOR STEAM/CO2 SEPARATION FOR
DIRECT CONTACT STEAM GENERATION

Advancing a New Extraction Method and Increasing
CO2 Storage Opportunities
OVERVIEW

THE TECHNOLOGY

To help reduce the environmental footprint of in situ oil
sands extraction, researchers are piloting a technique
called direct contact steam generation, or DCSG. In this
process, wastewater is in direct contact with the products
of oxygen-fuel combustion. This creates a mixture of
steam and carbon dioxide (CO2), which replaces steam
generated using conventional boiler technology and
allows for some CO2 to be stored underground.

The technology is a polymeric membrane material
capable of withstanding very high temperatures (up to
280oC.), which allows the CO2 to pass through, leaving
the steam behind for reuse. The separated CO2 is
available for other applications (e.g., as part of enhanced
oil recovery processes, tailings reclamation, etc.), or
can be stored geologically or converted into
valuable products.

One of the risks of DCSG is in the steam/CO2 mix that is
generated. Depending on the amount of CO2 included
and the type of bitumen reservoir involved, the mixture
cannot necessarily be used again in the extraction
process. In collaboration with GE, Suncor developed a
technology to separate the CO2 from the steam, further
improving the potential for DCSG processes.

OBJECTIVE
• T
 o develop a high-temperature membrane to
separate steam from CO2 at the outlet of a Direct
Contact Steam Generator.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By improving the efficiency of DCSG, high-temperature
membranes to separate steam and CO2 have the
potential to reduce GHG emissions and water use.
Sequestered CO2 may also be used in tailings reclamation
processes, potentially reducing land footprint.

OUTCOMES
• Enabling technology for DCSG.

15 bar DCSG pilot at NRCan lab (photo credit: NRCan)

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: GE
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CO2 CAPTURE FROM HYDROGEN PLANTS – ASSESSMENT OF
ORBITAL ATK CAPTURE TECHNOLOGY

Studying the Potential of a New CO2 Capture
Technology for the Oil Sands Industry
OVERVIEW
The Inertial Carbon Dioxide Extraction System (ICES),
co-developed by Orbital ATK and ACENT Laboratories, is
a method for carbon dioxide (CO2) capture that uses an
aero-thermodynamic separation device. Co-funded by
the U.S. Department of Energy in 2010, it is now used by
the coal industry to remove CO2 from coal power plant
flue gas.

OUTCOMES
• P
 ositive results, with the production of liquid CO2
for storage and/or transport
• F
 urther analysis and a physical test at an oil
sands facility.

The project, led by Suncor along with Canadian Natural,
assessed the potential of ICES to capture liquid CO2 from
pre-Pressure Swing Adsorption (PSA) syngas streams,
comparing ICES with conventional amine processes for
CO2 capture. Pre-PSE syngas has a relatively high CO2
concentration and pressure, compared to flue gas from
air-fired heaters and boilers.

THE TECHNOLOGY
In ICES, gas with CO2 is compressed and directed to
a converging-diverging nozzle where it is expanded
to supersonic speeds. This inertial process converts
pressure and temperature into kinetic energy. The fast
decrease in temperature and pressure de-sublimates
the CO2, which transforms into dry ice. Subsequently, the
CO2 can be allowed to vaporize to pipeline pressures for
transport and storage.

OBJECTIVE
The study carried out preliminary computer simulations for
the use of ICES technology on a pre-PSA synthesis gas
and flue streams.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
The technology has the potential to reduce greenhouse
gas emissions by capturing CO2 from a natural gas
flue stream.

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: CANADIAN NATURAL
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Projects started
in 2017
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403 18
$

Contributed
technologies

million

Cost of active
projects

120
Active projects

LAND
Environmental Priority Area
Insights into land conservation
and protection:

1
2
3
4
5
6
7
8
9
10

Oil Sands Vegetation Cooperative
NSERC/COSIA Industrial Research Chair,
Terrestrial Restoration Ecology
Assessing and Mitigating Wildfire Risk to
Woodland Caribou
Composting and Compost Utilization with
Organic Residuals
Evaluating the Success of Fen Creation
Regional Industry Caribou Collaboration
Boreal Ecosystem Recovery and Assessment
Migratory Connectivity Project
Caribou Population Recovery Pilot
The GERI (Genomics Enhanced Reclamation
Index) Stockpile Project
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LAND
OPPORTUNITY AREAS AND GAPS
Methods for Front
End Planning and
Integrated Land
Management

Identify Best
Management
Practices Front
End Planning

Optimization of
Planning for
Exploration
Footprint
OPTIMIZATION
OF PLANNING

Establishment
of Functional
Wetlands

Establishment
of Functional
Compensation
and End Pit
Lakes

Watershed
Modelling

LAND

EFFECTIVE
RECLAMATION

Establishment
of Functional
Uplands

COSIA EPA members will strive
to be world leaders in land
management, restoring the land
and preserving biodiversity of
plants and animals.

Establishment
of Functional
Wildlife Habitat

CROSS EPA

GHG and Carbon
Sequestration

Treatment
Wetlands
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Waste

Reduce
Commercial
Footprint
Intensity

Developing
Tailings
Reclamation
Strategies

PROGRESSIVE
RECLAMATION

Off-Lease
Ecological
Function
Restoration
EFFECTIVE
RESTORATION

Bison
Research

Other Issues
of Biodiversity
Concern

Caribou Predator
Exclosure Fencing
SPECIES OF
MANAGEMENT
CONCERN

Caribou Captive
Breeding and
Reintroduction
Wildlife
Corridors

Caribou Habitat
Restoration
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LAND EPA: TECHNOLOGY FUNNEL (DECEMBER 2017)

DISCOVER

DESIGN

Reclamation Trial

UAV Remote Sensing

Genomics Enhanced
Reclamation Index
Stockpile Project

Aurora Capping Study
Sandhill Fen

Stockpiled Soils
Scentless Chamomile

Industrial Research Chair
Mine Closure Landforms
Effects of Non Segregating Tailings
on Growth Reclamation Plants
Surface Soil Stockpiling Research
Soil Capping
Wetland Carbon Flux Research
Habitat Equivalency
Industrial Research Chair
in Mine Closure Geochemistry
Plasma Technology
Long Term Plot Network
Reclamation Soils Index
Reclamation Wetlands Index
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Industrial Research
Chair Terrestrial
Restoration Ecology
Ericoid Mycorrhizal
Associated Shrub Species

Caribou Conservation
– Cold Lake North

Coal Watershed
Research
Cold Lake
Topsoil Depth
Risk Assessment
& Closure Landscape
Scenarios

DEVELOP

DEPLOY

ABC Chairs
Silviculture Toolkit
Seed Delivery
Systems Research

Wildfire Risk to
Caribou Recovery Projects

Forest Reclamation

Monitoring of
Avian Productivity
and Survivorship

Predictive Ecosite Classification
Platform for Alberta
Longer Term Revegetation Responses
Removing the Well Footprint (iFROG)
Geospatial Technology - Monitor Veg Recovery
Monitoring & Assessment of Muskeg Lake
Veg Recovery on Low Impact
Seismic Lines

Industrial Research Chair
Forest Land Reclamation
Guidelines In Situ Wetland Reclamation
Faster Forests
Cold Lake H38 Wetland Trial
Evaluating Fen Creation
Measures of Reclamation Performance
Improving Seed Longevity
Identify Best Management Practices for
control/eradication of non-native forages
South LiDea Restoration Area Project
Eval of Amphibious Restoration
Equipment on Muskeg Sites

Caribou Population Recover (CPR) Pilot

TIME TO IMPLEMENTATION
0-3 Years
4-6 Years
7-10 Years
>10 Years
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OIL SANDS VEGETATION COOPERATIVE

Banking Today’s Seeds will Save Tomorrow’s
Reclaimed Land
OVERVIEW
The COSIA Oil Sands Vegetation Cooperative (OSVC)
is a collaborative effort to harvest and bank seeds from
a wide variety of species, and to promote knowledge
development for improved collection, handling, storage
and eventual deployment of that seed into seedling and
outplanting on reclaimed land. The OSVC includes all
COSIA member companies and three collection initiatives
in the Athabasca and Cold Lake oil sands regions
of Alberta.

THE TECHNOLOGY
Seed banking is an age-old practice to preserve seeds
of plants that are considered rare or are commercially
valuable, such as trees or agricultural crops. COSIA
members work with the Alberta Tree Improvement and
Seed Centre (ATISC) in Smoky Lake, Alberta, which
provides seed storage in an underground bunker,
at a stable -18oC. All seeds are harvested, extracted,
registered and banked in a coordinated effort following
the Alberta Forest Genetic Resource Management
Standard. Along with seed banking, the OSVC is also
active in acquiring and managing propagation materials,
such as stems and root cuttings, for species where such
methods are known to be effective.
Beyond operational collections, the OSVC is active in
identifying research gaps in the areas of seed collection,
seed storage, and plant production that will improve
reclamation outcomes.

OBJECTIVE
 he project aims to harvest and preserve seeds from the
T
many species that make up the boreal forest for future
reclamation and research. To do this, the OSVC works
together to:

• C
 ollect and store propagules, such as seed, and
provide strategies to initiate seed orchards/stooling
beds to address identified needs in revegetation
• P
 rovide direction on the collection, extraction,
testing, registration and storage of propagules
• Identify challenges to and strategies for meeting
future propagule needs for reclamation in the oil
sands regions of Alberta
• E
 nsure collection levels are sufficient to provide for
adequate propagules for the purposes of preserving
genetic diversity
• Identify data gaps regarding plant collection and
propagation techniques and provide members
direction on suitable research projects or avenues to
address the gap
• F
 acilitate information exchange with member
companies, government agencies, harvesters and
commercial nurseries.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By harvesting and banking seeds indigenous to the
boreal forest, the OSVC ensures a large number of
locally adapted species is available at reclamation time
that retains the genetic diversity and function on
the landscape.

OUTCOMES
 ince 2009, seeds from 45 species, representing trees,
S
shrubs and herbaceous perennials from various upland,
riparian and wetland habitats, have been registered and
banked by the OSVC. A knowledge gap analysis initiated
in 2015 has identified multiple avenues of potentially
fruitful research, and the OSVC is actively developing
research projects to address these needs.

LEAD COMPANY: CANADIAN NATURAL OTHER PARTICIPANTS: COSIA LAND ENVIRONMENTAL PRIORITY AREA COMPANIES,
ALBERTA TREE IMPROVEMENT AND SEED CENTRE
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NSERC/COSIA INDUSTRIAL RESEARCH CHAIR,
TERRESTRIAL RESTORATION ECOLOGY

Learning How to Re-establish Boreal Forests
on Reconstructed Landforms
OVERVIEW

OBJECTIVE

The Natural Sciences and Engineering Research Council
of Canada (NSERC)/COSIA Industrial Research Chair
(IRC), Terrestrial Restoration Ecology will build and apply
knowledge on the belowground ecology of boreal
forests to establish self-sustaining forests on reclaimed
lands. Oil sands mining is followed by reclamation,
with a large portion of reclaimed lands revegetated to
become forests. Reclamation strategies vary, owing in
part to differences in the geological materials available to
construct new landforms.

The research program will:

Mined oil sands that do not contain sufficient bitumen
for processing are referred to as lean oil sands (LOS).
LOS that occurs immediately below reclamation soils on
post-mining landforms can encroach on developing root
systems of forest plants, and any effects of such contact
are not fully known. However, in this region of the boreal
forest, oil sands outcrops also occur naturally and forests
have developed over these deposits over thousands of
years following glaciation.
Relying predominantly on field studies, IRC Dr. Justine
Karst and her students at the University of Alberta will
investigate root growth in a range of soils of undisturbed
boreal forests, including those established on naturally
occurring oil sands outcrops and in reclaimed areas.

THE TECHNOLOGY
The NSERC/COSIA IRC research program will provide
industry with critical knowledge on successful reclamation
practices for establishing boreal forests on reconstructed
landforms. Gaps remain in science-based evidence
guiding reclamation practice and the associated
regulatory framework for LOS landforms.

• C
 haracterize rooting patterns in natural boreal soils,
broken down by species, as a reference condition for
comparisons in rooting in reclaimed soils
• C
 haracterize rooting patterns in reclamation soils that
may be restricted by substrate conditions, focusing
on LOS
• T
 est for impacts of the proximity of lean oil sands on
rooting behaviours
• T
 est for differences in specialization of mycorrhizal
communities to the presence of LOS and evaluate
impacts on plant growth.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Advancing understanding of belowground ecology
of boreal forests will support efforts to establish
self-sustaining forests on reclaimed lands.

OUTCOMES
The research program will address whether LOS acts as
a barrier or a medium to root growth of plants that are
native to the boreal forest. It will provide industry with
critical knowledge of successful reclamation practices
and potential constraints to establishing boreal forests on
reconstructed landforms.

The focus of the research program is to build knowledge
on belowground features that support self-sustaining
forests in both reclaimed and natural systems.

LEAD COMPANY: SYNCRUDE OTHER PARTICIPANTS: NATURAL SCIENCES AND ENGINEERING RESEARCH COUNCIL OF CANADA,
UNIVERSITY OF ALBERTA
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ASSESSING AND MITIGATING WILDFIRE RISK TO WOODLAND CARIBOU
RECOVERY PROJECTS UNDER CURRENT AND FUTURE CLIMATES

Using Fire Simulation Models to Mitigate Risk
to Caribou Recovery
OVERVIEW
Wildfire is a common natural disturbance throughout
the boreal forest, posing a significant risk to woodland
caribou habitat recovery and restoration efforts. Through
a collaboration with Natural Resource Canada’s Canadian
Forest Service (CFS), COSIA is using expertise in wildfire
behaviour and modelling to develop potential strategies
to mitigate this risk.
Using CFS’s robust fire simulation model, Burn-P3, the
project is a comprehensive wildfire risk assessment of
caribou ranges, highlighting areas where major caribou
restoration and recovery initiatives are underway or being
considered. The research project also provides possible
mitigations, as it predicts wildfire risk over the next
century, including changes expected due to a
warming climate.

while the finer scale focuses on the Cold Lake Caribou
Range. Model inputs include specific vegetation and
topography data, climate and weather data, satellite
images and other factors to enhance the accuracy
of the model in those areas of interest. Using these
inputs, the model ran more than 40,000 iterations
of burn sequences, to land on an overall burn
probability scenario.

OBJECTIVE
The project plans to:
• M
 odel the current fire risk broadly in the oil sands
region, and in more detail in the Cold Lake
Caribou Range
• T
 est various mitigation option effects on wildfire risk
within the Cold Lake Caribou Range

THE TECHNOLOGY

• Develop mitigation strategies

Burn-P3 has become the standard for mapping fire
probability in Canada. Like any modelling tool, its results
are dependent on the quality of the inputs. To achieve
accurate fire probability estimates for this project, the
team is working at two spatial scales: the broader scale
covers the entire oil sands production area of Alberta,

• A
 ssess possible climate change impacts on future
wildfire risk in northeast Alberta caribou ranges.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By mapping the probability and mitigating the risk
posed by wildfire to ongoing and future caribou habitat
restoration and recovery projects, the potential success
of these projects is improved. The model outputs may
be used to plan mitigations for caribou recovery projects
(and industry investments in them), and also used as
inputs to other planning tools (i.e., for selecting a
location for a caribou recovery action with the lowest
risk of wildfire).

OUTCOMES

Wildfire poses a significant risk to woodland caribou habitat
and restoration efforts

 wildfire probability map and strategies for mitigating
A
the risk of loss from wildfire, both in the short- and
medium-term.

LEAD COMPANY: DEVON OTHER PARTICIPANTS: NATURAL RESOURCE CANADA’S CANADIAN FOREST SERVICE
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COMPOSTING AND COMPOST UTILIZATION WITH ORGANIC RESIDUALS

Rethinking Organic Waste at Oil Sands Camps
OVERVIEW
Not all efforts to improve environmental performance
of oil sands are focused on exploration and production.
Many oil sands operators also aim to reduce waste at
work camps. Currently, organic waste from camps is
contained, stored and transported offsite to a landfill. The
Composting & Compost Utilization with Organic Residuals
Project looks at the potential to treat and recover
resources from this waste, so that they can be used to
help reclaim roads and well pads
Led by Cenovus, the project includes a review of how oil
sands camps manage kitchen and sewage waste as well
as the existing technologies to find an alternate approach
to management of organic residuals produced across the
oil sands industry at camps and offices.

producers towards significantly reducing waste at work
camps by turning compost into a valuable reclamation
product. It’s anticipated that compost could be used in
reclamation on roadways, well pads, etc.
By removing the number of service trucks currently
required to transport kitchen waste to landfills, as well as
avoiding generation of methane from landfills or lagoons,
the project also has the potential to reduce greenhouse
gas emissions.

OUTCOMES
Key learnings to evaluate the potential of a Joint Industry
Project to deploy a system-wide approach to compost
use across oil sands camps.

THE TECHNOLOGY
In addition to gathering information about the waste
produced by camps, the study includes a literature and
technology review of composting technologies currently
used around the globe, uses of compost, identification
of a prototype system, and a calculation of the benefits
of transitioning from the current disposal methods to a
resource recovery approach.

OBJECTIVE
The study aims to review current waste disposal practices
at oil sands camps, and existing compost technologies
and benefits of compost use, as well as to develop a
systems approach to how compost could be managed
and used across the oil sands industry.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
If successful, a system-wide approach to compost and
compost utilization has the potential to move oil sands
The project examines the use of compost at oil sands camps
(Photo credit: Cenovus)

LEAD COMPANY: CENOVUS OTHER PARTICIPANTS: COSIA LAND ENVIRONMENTAL PRIORITY AREA COMPANIES,
INNOTECH ALBERTA
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EVALUATING THE SUCCESS OF FEN CREATION

Evaluating the Success of Reconstructed Wetlands
OVERVIEW

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS

IIn 2013, Suncor, with joint industry project (JIP) partners
Imperial and Canadian Natural, completed construction
of a three-hectare fen, named Nikanotee (pronounced
Nee-ga-no-tee; Cree for “future”). This established Suncor
as one of the first in the world to complete reconstruction
of this type of wetland, in cooperation with university
researchers and consultants.

Ongoing research in the Nikanotee Fen will show how to
reclaim a fen. It will also enhance understanding of how
to establish peat-forming plant communities that capture
and store carbon naturally, in turn reducing the net
greenhouse gas balance.

THE TECHNOLOGY
Fens, unlike other peat-forming wetlands, are fed primarily
by groundwater, rather than surface water. To construct
a fen, groundwater needs to lie at or just below the
surface – less than 20cm. To meet the specification,
Suncor constructed the watershed to supply the fen using
materials found on the mine site, including tailings sands
and coke.
Suncor is now focused on vegetating the fen, dividing it
into plots so that different planting methods can be trialled
and compared. Monitoring over the first year shows that
the fen remains wet through weather cycles, water quality
is within the natural range, and plants are growing and
spreading naturally. All aspects of the Nikanotee Fen
are being monitored and compared against results from
ecologically similar natural fens.

OBJECTIVE
The project aims to measure the constructed fen through
a detailed examination of hydrological functioning,
biogeochemical interactions and the evolution of
the wetlands.

OUTCOMES
Some of the outcomes of the 2016 monitoring report were:
• L
 ow methane flux from the constructed fen is
likely beneficial in future fen creation on projects
by sequestering greenhouse gases. Low flux also
indicates differences in functionality between a
recently constructed fen and mature reference
fens. Long-term monitoring will determine how
methane flux and its controls relate to the success
of constructed fen projects, particularly over the
long-term.
• T
 o support sustainable fen watersheds, recharge
basins should be placed at slope toes or where
water flow is expected to be high. The original ratio
of the fen was 3:1 Upland:Fen, however, the as-built
design is 9:1.
• T
 wenty-six species were planted in the upland and
fen, including trees, shrubs, grasses, rushes, sedges
and carnivorous plants (e.g., sundew and pitcher
plants). Many species were transferred into the
fen through the moss layer. Assessment of upland
vegetation between summer seasons indicates
significantly increased primary productivity in amount
and size. Some species are thriving, due to the water
level and associated competition. In Phase 2, once
water levels decrease, more species will be planted
to improve diversity.

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: IMPERIAL, CANADIAN NATURAL
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REGIONAL INDUSTRY CARIBOU COLLABORATION

Restoration of over 1,000 Linear Kilometres
of Footprint
OVERVIEW

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS

In 2014, a group of like-minded energy, forestry and
pipeline companies operating in the Cold Lake and
East Side Athabasca River (ESAR) caribou ranges
joined together to work collaboratively across individual
company tenures and lease boundaries to deliver
cooperative, range-level efforts aimed at recovering boreal
caribou and their habitat. This collaboration is known as
the Regional Industry Caribou Collaboration (RICC).

Cumulatively, RICC members have implemented
restoration treatments on over 1,000 linear kilometres of
legacy industrial footprint. Bringing more companies to
the table to coordinate large-scale habitat restoration, as
well as the collection and sharing of data, will maximize
the benefits of this work on boreal caribou recovery.

THE TECHNOLOGY
RICC is focused on science-based research and
monitoring as well as the implementation of landscapelevel projects aimed primarily at habitat restoration with
the goal of supporting caribou recovery.
RICC member projects include:
• Managing large-scale habitat restoration efforts
• Prioritizing areas for restoration
• Monitoring wildlife
• S
 haring research and findings through a
comprehensive member data portal.

OBJECTIVE
• C
 oordinate industry restoration of caribou habitat
in priority areas
• S
 upport and/or lead scientific research on caribou
ecology and on caribou-predator-landscape
relationships to identify priority issues and/or
priority areas

OUTCOMES
• Applied

research on caribou, predators and habitat
use has shown that:
• W
 olf speed on seismic lines is slowed
considerably as soon as vegetation height
exceeds 50 centimetres, for example through
targeted restoration treatments
• W
 olves prefer certain linear features, such as
conventional seismic lines, over others
• W
 olves travel two to three times faster on
conventional seismic lines compared to the
natural forest
• W
 olves increase their movements up to 54
percent for every hour spent on linear features.
• C
 oordinated restoration of the industrial footprint
in priority areas so larger patches of caribou habitat
are restored regardless of independent lease
and dispositions.

• S
 upport and/or lead investigative trials on restoration
methods, effectiveness and wildlife responses, and
make recommendations for broader implementation.
RICC members have implemented restoration treatments
on over 1,000 km of legacy seismic lines in the boreal forest.

LEAD COMPANY: DEVON OTHER PARTICIPANTS: CANADIAN NATURAL, CENOVUS, IMPERIAL, SUNCOR, ALBERTA-PACIFIC
FOREST INDUSTRIES, ATHABASCA OIL SANDS CORPORATION, MEG ENERGY, NEXEN
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BOREAL ECOLOGICAL RECOVERY AND ASSESSMENT

Innovative Geospatial Tools
OVERVIEW

OBJECTIVE

Remote sensing technologies offer a credible way to
map and monitor forest recovery on disturbed sites,
distinguishing between sites that are undergoing
desirable revegetation versus those that are not. Novel
geosensor technology can aid in better understanding
the use of recovering temporary disturbances, by both
humans and boreal forest dwellers, which is an important
factor determining future recovery success.

The research project will address five specific research
objectives to:

The Boreal Ecological Recovery and Assessment (BERA)
Project brings researchers, government, stakeholders
and industry together to characterize and understand
the recovery of forest after non-permanent industrial
activities, such as the construction of seismic lines, access
roads and well pads. The team, led by research experts
from the University of Calgary, University of Alberta,
Trent University and Natural Resources Canada, aims to
develop cutting-edge technologies and techniques that
can help to measure, characterize, monitor and predict
the recovery of vegetation and animal use after temporary
human disturbance by industrial activity.
For more, see www.bera-project.org.

THE TECHNOLOGY
The research program employs advanced geospatial
technologies and modelling techniques to help measure,
characterize, monitor and predict vegetation recovery
on non-permanent (i.e., to be reclaimed) human footprint
features (e.g., seismic lines, roads, etc.)
BERA works across three research areas: remote sensing,
sensor network, and ecology.

• M
 ap and characterize human footprint features with
advanced remote-sensing devices
• U
 nderstand critical descriptive attributes to humanfootprint features that can be tracked through time
in a monitoring program and related back to site
management decisions
• D
 evelop low-cost ground sensor networks that can
track the physical condition and human or animal use
of human-footprint features
• D
 evelop statistical models that can predict the rate
of vegetation recovery in human-footprint features
across the boreal forest
• D
 eliver a rapid verification protocol designed to
assess the reclamation/restoration status of areas
disturbed by humans.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By discovering new ways to monitor and measure how
the boreal forest recovers following disturbance and
various site management techniques, and predict how
vegetation returns to areas of temporary disturbance,
the oil sands and forest industries can improve how they
manage restoration and reclamation efforts across their
areas of operation.

OUTCOMES
 set of unambiguous scientific criteria for determining
A
vegetation recovery success for reclamation/restoration
activities and the prioritization of areas for treatment, as
well to inform regulatory requirements for effective boreal
forest reclamation.

LEAD COMPANY: CONOCOPHILLIPS CANADA OTHER PARTICIPANTS: CENOVUS, ALBERTA PACIFIC INDUSTRIES LTD.,
UNIVERSITY OF CALGARY, UNIVERSITY OF ALBERTA, TRENT UNIVERSITY, NATURAL RESOURCES CANADA
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MIGRATORY CONNECTIVITY PROJECT

Working with the Smithsonian to Understand
Bird Migration
OVERVIEW
Tracking animal movement aids conservation efforts and
is essential for predicting and preventing the spread
of invasive species, agricultural pests and pandemic
disease. ConocoPhillips supports research by the worldrenowned Smithsonian Migratory Bird Center, which is
collecting information for 12 bird species that follow a
migratory flyway along the area of its operations, including
its oil sands sites in Northern Alberta. These birds include
those that breed from Alaska’s North Slope, the Canadian
and American prairies into Texas and across the Gulf of
Mexico to wintering grounds as far south
as Colombia.
ConocoPhillips’ funding of the project enables the use
of advanced tracking technologies, including satellite
transmitters, supporting researchers and volunteers
throughout North America who gather critical information
about the migratory connectivity of various bird species.

THE TECHNOLOGY
New scientific tools and techniques allow for
unprecedented levels of data collection, analysis
and modelling of animal movement. Use of satellite
transmitters, geolocators, stable isotope analysis and
genomics is advancing the ability to track animals through
the annual cycle. Remote sensing at local to continental
scales allows for the detection of environmental changes
that may be influencing animal movement.

• S
 tudying migratory connectivity and seasonal
interactions at multiple times of the year and
geographies
• Integrating the use of migratory connectivity
knowledge (i.e., data, models, analyses) to make
it available to environmental managers and
policymakers for informed decision-making
• C
 ollaborating with government agencies and a suite
of public and private partners
• E
 ducating the public about migratory connectivity
and international conservation.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Understanding migratory connectivity—the geographic
linking of species between one lifecycle stage and
another—is key to species survival, helping to mitigate
the impacts of environmental challenges that are both
natural and man-made.

OUTCOMES
 omprehensive lifecycle analyses of 12 species of birds
C
that migrate annually across oil sands operations.

OBJECTIVE
 he Migratory Connectivity Project is an initiative to
T
conduct comprehensive lifecycle analyses for wildlife by:
• A
 dvancing the use of current technologies and
facilitating the development of new technologies to
increase the understanding of migratory connectivity
ConocoPhillips and the Smithsonian Institution are collecting
data on migratory bird species

LEAD COMPANY: CONOCOPHILLIPS CANADA OTHER PARTICIPANTS: SMITHSONIAN MIGRATORY BIRD CENTER
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CARIBOU RECOVERY PILOT PROJECT (CRPP)

Testing of Exclosure Fencing to Increase
Caribou Populations
OVERVIEW
The Caribou Recovery Pilot Project (CRPP) is one in a
suite of ongoing caribou recovery initiatives by COSIA’s
Land Environmental Priority Area. Its focus is to advance
testing of a caribou exclosure fence, a conservation
approach that establishes a small breeding subpopulation
of caribou in a large, protected area within the species’
original range.
Led by ConocoPhillips Canada with participation by
Devon, Nexen, Suncor and Athabasca Oil Corporation,
the CRPP advanced the caribou predator fencing
concept to preliminary design, including development of
implementation guidelines. This information was provided
to the Government of Alberta, for consideration in caribou
range planning. If the Province determines that this is an
appropriate recovery tool, additional work will be required
before construction of the fence can begin, including

preparing and submitting regulatory filings, conducting
stakeholder engagement and aboriginal consultation,
selecting a preferred location, and finalizing a detailed
fence design.

THE TECHNOLOGY
A caribou exclosure fence is designed to keep predators,
such as wolves and bears, away from a small caribou
subpopulation to improve their reproductive success.
If successful, the surplus of caribou yearlings born
within the fenced area will eventually be translocated to
supplement the surrounding range population(s).

OBJECTIVE
To advance testing of the fence concept, the CRPP:
• E
 ngaged with Indigenous Communities to identify
interests, issues and management measures
• Refined fence design requirements and costs
• Identified potential candidate areas for the pilot
• Prepared management plans.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
If adopted and implemented by the Government of
Alberta, a predator exclosure fence will supplement the
surrounding caribou range population.

OUTCOMES
• T
 he design of a near ‘shovel-ready’ project
(including engagement of key interested parties;
fence design and candidate areas; key project
execution guidelines; and cost estimate), should
the Government of Alberta decide to implement
a caribou exclosure fence.
Numerous community consultation sessions were held in relation to the
Caribou Recovery Pilot Project (photo credit: ConocoPhillips Canada)

LEAD COMPANY: CONOCOPHILLIPS CANADA OTHER PARTICIPANTS: DEVON, NEXEN, SUNCOR, ATHABASCA OIL CORPORATION
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THE GERI [GENOMICS ENHANCED RECLAMATION INDEX]
STOCKPILE PROJECT

Understanding Soil Stockpiles to Enhance
Land Reclamation
OVERVIEW
Soils removed by oil sands exploration and development
can be either placed directly back onto an area
to be reclaimed or deposited in stockpiles for
future reclamation.
Preliminary data indicate that soil in stockpiles may see
its natural ecological function deplete over time. The
Genomics Enhanced Reclamation Index [GERI] Stockpile
Project, led by Canadian Natural and with support from
the Canadian Forest Service and the University of Alberta,
seeks to understand the biological activity, nutrient
cycling, viable plant biodiversity and physical properties
of stockpiled soils to determine how best to manage them
in land reclamation activities.
Reclaiming upland forest ecosystems is a focus for
both mining and in situ oil sands operations. In these
systems, both aboveground (i.e., plant and animal) and
belowground (i.e., microbial and plant root) processes
interact to determine the health of the overall ecosystem.
While aboveground factors of healthy forests are well
known, there is a significant knowledge gap in the
belowground factors. Understanding the microbial
processes of a soil stockpile in conjunction with other
datasets gathered in this project will enhance the
industry’s understanding of how soils may change while
they are stockpiled prior to use in reclamation efforts.

THE TECHNOLOGY
Phase One of the two-phase project will characterize the
ecosystem health of the stockpiles against directly placed
operational reclamation areas and undisturbed native
forest sites.

properties. The data will be used to create a biodiversity
intactness index—called GERI—that will attempt to link
belowground and aboveground ecosystem parameters
for a potentially more rapid assessment of
ecosystem health.

OBJECTIVE
The project aims to:
• L
 ink belowground ecosystem parameters to
aboveground ecosystem parameters for a
comprehensive indication of ecosystem health in
reclaimed ecosystems
• D
 evelop the information compiled into a faster
assessment of ecosystem health and improve the
current reclamation trajectory
• D
 etermine if stockpiled soil requires enhancements
in order to contribute to healthy, functioning
ecosystems over time.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
GERI will enhance the industry’s understanding of the
belowground parameters that are indicative of healthy
forest ecosystems, which will support efforts to reclaim
healthy upland forests.

OUTCOMES
• P
 hase Two of the project will investigate approaches
to maximize soil stockpile viability for reclamation.

The data to be collected include plant community
composition, belowground carbon transformation and
stability, microbial functional diversity, and soil physical

LEAD COMPANY: CANADIAN NATURAL OTHER PARTICIPANTS: NATURAL RESOURCE’S CANADA CANADIAN FOREST SERVICE,
UNIVERSITY OF ALBERTA
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Projects started
in 2017
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237 217 77
$

million

Contributed
technologies

Cost of active
projects

Active projects

WATER
Environmental Priority Area
Insights into water management
and conservation:

1
2
3
4
5
6
7
8
9
10
11

Water Technology Development Centre
Regional Groundwater Sustainability
University of Alberta High-Temperature
Membrane Materials for SAGD (Phase 2)
NSERC/COSIA Industrial Research Chair,
Oil Sands Process Water Organics Treatment
Regional Salt Management (Mining)
Demonstration Pit Lakes
Steam Quality Soft Sensor Design and
Implementation
Boiler Blowdown Commercial Demonstration
Target Lipid Model for Acid Extractable Organics
– Phase 2
Flash Steam Generation Field Pilot-Detailed
Engineering Study
Natural and Anthropogenic Inputs to the
Athabasca River
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WATER
OPPORTUNITY AREAS AND GAPS

MINING

CHEMISTRY AND
IMPACTS OF
PROCESS
-AFFECTED WATER

Watershed
Cumulative
Effects

IN SITU

IN SITU

NEW TECHNOLOGY
DEVELOPMENT

Management
Technologies

Improving
Existing
Steam
Generators

Water
Chemistry

Sharing
Operational
Improvements

Pilot
Facilities

Innovation
Infrastructure

Acceptable
Concentrations

SHARING BEST
PRACTICES

WATER

IN SITU

RESIDUALS
MANAGEMENT

COSIA EPA members will strive
to be world leaders in water
management, producing
Canadian energy with no
adverse impact on water.

IN SITU

STEAM
GENERATION

New
Technologies

IN SITU

Standard
Analytical
Methods

Online
Instrumentation
and Analyzers
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IN SITU

PROCESS
ANALYSIS,
INSTRUMENTATION
AND CONTROL

WATER
TREATMENT
PERFORMANCE

Water
Treatment
Fundamentals
Process
Control

New
Technologies

Adaptive
Techniques

Scale-Up

Acceptable
Configurations
MINING

PIT LAKES

Biological and
Water Quality
Factors

MINING

SITE-WIDE
WATER
MANAGEMENT

Improve
Water Use

IN SITU

WATER
RECOVERY
FROM FLUE
GAS

Recovery
Technologies

MINING

IN SITU

WATER
RETURN

REGIONAL WATER
RESOURCE
MANAGEMENT

Sharing Best
Practices

Receiving
Water Criteria

Groundwater
Impacts
Pilot
Releases
Supply and
Disposal

Passive
Treatment
Technologies

Environment
Effects
Monitoring
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WATER EPA: TECHNOLOGY FUNNEL – MINING (DECEMBER 2017)

DISCOVER

DESIGN

Naphthenic Acid (NA) Studies
Photo Catalytic Treatment
Muskeg Dewatering
Wetlands Pilot Prep.

Water Calcium Naphthenate Project

Environmental Effect Monitoring
Prog. Development
Accelerator
Treatment of OSPW through Wetlands
Demonstration Pit Lakes

Biotechnology Opportunities

Biotreatment of Organics
in OSPW via indigenous algae

Target Lipid Model for NAs

NSERC IRC for Tailings
Water Treatment

Organics Treatment of OSPW

Natural and Anthropogenic Inputs
to Athabasca River
Depressurization Water Management
Artificial Streams Pilot Facility
Tech. & Sector Based Effluent
Quality Objectives
OSPW Typology
Selenium Tool Kit
Calcite Tool Kit

Regional Water Mgmt. Initiative
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Regional Water Mgmt. Initiative

DEVELOP

Permanent Aquatic Storage Structure
Surf Water Qual. Frame
Calcite Prog.
Selenium Sequestration

DEPLOY

Constructed Wetland Pilot
for Runoff Treatment

Base Mine Lake
– Adap Mgmt Test

GE Dustreat Trial
Best Practices for Design
and Operations

Tailings Water
Treatment Plant

Mining Best Practices Report
for Alt. Water Sourcing
and Salinity Mgmt.

Devonian Aquifer

Ceramic Membrane De-risking Pilot

Substance Load All.
Open Path - Fourier
Transform Infrared Remote
Sensing VOC & GHG Emissions

Aerial Deposition
High Density Sludge
Treatment of Brines

Mine Basal
Water Disposal

Reg. Salt Mgmt. (Mining)
Oil Sands Process
Water Typology

In situ Pit Lake Treatment
Water Chemistry Model

TIME TO IMPLEMENTATION
Deployed
0-3 Years
4-6 Years
7-10 Years
>10 Years
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WATER EPA: TECHNOLOGY FUNNEL – IN-SITU (DECEMBER 2017)

DISCOVER

DESIGN

Organics JIP Phase 2
Deoiling with membranes

EEM Program

Thermal Plume Migration
Tannin Bolier Feed Water Additive

Water & Energy from
Flue Gas

Ceramic Memb.
De-risking
Lab Scale Once
Through Steam
Generation (OTSG)
Accelerator

Water Conservation Study
GE Research and
Development Program
- Gen3
Blowdown Waste Mgmt.
Strategies
Perforene

High Temperature
Membrane Materials

SAGD Water Sample Bank

Regional Groundwater
Sustainability

Direct Contact Steam Gen

NSERC Water Quality Chair
Regional Water
Mgmt. Initiative
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Regional Water Mgmt. Initiative

Filtering EBD
for Deep Well
Disposal
Water Tech.
Devel. Center

Organics Charact.
& Fouling (SAGD)
Biotechnology Opportunities
in the Oil Sands

Zero Lime
Softening 2

HYSYS
Flowsheet Dev.
GE JIP – GEN 2
V-Sep Process

Boiler Blowdown
Reduc. Tech.

Electrocoagulation

DEVELOP

DEPLOY

Chemical Mobility
Investigation for PadZ8
OTSG Steam Qual.

Produced Water Cooler
Coating

Geochem Aquifer
Studies (LGR)

Best Practices

Hydrocyclone Pilot

Environmental Net Effect
Tool Re-design

Liberation, Fate and
Transport of Naturally-occurring
Arsenic in Groundwater

Steam Quality Soft Sensor
Forced Circ. Steam Gen.
OSLI Thermal
Water Survey

Multi-Phase Flow
Meters
Silica Analytical
Information

Blowdown Boiler

Online Silica Analyzer Pilot

Seed Slurry Evap.
Op. and Improv.

Online TIC Alkalinity
Analyzer
Analytical Methods
Standardization

Rifle Tubes

Graphite Oil Removal.

Compact Flotation
Unit Pilot
HipVap

Reduced Liquid Discharge Pilot

OTSG Test
Loop Design

Dustreat Trials
Solidification of Evap.
Blow Down

Steam Ind Heave on
GW/SW Interaction
TIC TOC Analyzer Pilot

Operator Training

Water Valuation Pilot

TIME TO IMPLEMENTATION
Deployed
0-3 Years
4-6 Years
7-10 Years
>10 Years
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WATER TECHNOLOGY DEVELOPMENT CENTRE

Test Driving New Water Technologies at an Active Oil
Sands Operation
OVERVIEW
About 80 percent of Alberta’s oil sands reserves are
buried so deep beneath the earth’s surface they can
only be recovered through in situ, meaning “in place,”
extraction technology. In situ operations use water to
produce high-temperature steam that is injected into the
reservoir through an injector well to melt the bitumen.
The warm bitumen and the condensed steam flows into
the production well as an emulsion and is brought to
the surface. As the steam cools, it turns back into water,
which is brought to the surface along with the bitumen.
The water is separated from the bitumen and channelled
through complex water treatment facilities to remove
impurities. The treated water can then be recycled and
used to produce steam many times over. In situ operators
are looking for ways to reduce the high cost of water
treatment, improve the reliability of recycling technology
and reduce their water footprint. These shared
explorations prompted companies to collaborate on plans
for a Water Technology Development Centre (WTDC).
The $165-million WTDC will allow operators to test drive
more technologies than each could on their own while
sharing the risks and costs. This collaboration will allow
operators to speed the development and implementation
of new water treatment technologies. It will also shorten
the current eight-year timeframe required to field test
technologies and move them to commercial application,

leading to an accelerated return on investment.
Most importantly, it removes the risk of testing
technologies from a production plant to a dedicated
purpose-built facility.

THE TECHNOLOGY
The $165-million WTDC is scheduled to open in 2019 and
will be attached to Suncor’s Firebag in situ operations,
which uses Steam Assisted Gravity Drainage (SAGD).
Attaching the WTDC to Firebag will allow the facility to
test new technologies on fluids with the same physicalchemical characteristics and elevated temperatures
and pressures that occur at commercial SAGD in situ
operations. This will also simulate the dynamic process
changes that occur at SAGD facilities, allowing for the
accurate evaluation of process-upsets on
new technologies.
Since it is a dedicated test facility, the WTDC overcomes
the many barriers of conducting field tests at commercial
production facilities. Commercial facilities are not
designed to accommodate the testing of water treatment
technologies.

OBJECTIVE
• T
 o develop a world-class water technology
development centre, on a live oil sands facility and
ensure sustainability to in situ operations.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By improving how water is treated in in situ operations,
the WTDC can further reduce the amount of water used,
increase recycling rates and improve overall
energy efficiency.

OUTCOMES
• Accelerated development of water technologies.

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: CANADIAN NATURAL, DEVON, NEXEN, HUSKY
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REGIONAL GROUNDWATER SUSTAINABILITY

Providing Greater Certainty to Groundwater
Resource Management
OVERVIEW
In situ oil sands producers in the Southern Athabasca
Oil Sands (SAOS) region use fresh/non-saline and saline
groundwater from aquifers for makeup water. Operators
must understand the long-term availability of the aquifers,
including what may be required by other operators,
water use rates, production forecasts, and advances in
technologies to reduce water requirements.
In 2013, COSIA’s Regional Groundwater Solutions
(RGS) project began to advance the understanding of
groundwater resource utilization and management. It
used a numerical groundwater flow model to simulate
water distribution and pressure in key aquifers used for oil
sands water withdrawals and disposal in the SAOS.
In 2016, the team updated an existing Alberta
Environment and Parks (Monitoring Branch) SAOS
regional groundwater model to improve its predictive
capabilities and reduce uncertainty. In March 2017, the
improved model was returned to Alberta Environment
and Parks.

THE TECHNOLOGY
Three potential water forecasts were developed and
simulated to explore uncertainty in future growth of in
situ oil sands production in the SAOS region: Status Quo,
Medium Growth and High Growth.
		
Forecasts covered 62 years (from 2013 to 2075). Timing
of peak effects varied, but in general occurred between
2030 and 2040.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
• Improve and reduce groundwater use by industry
• Identify potential problem areas and opportunities for
better groundwater use
• P
 rovide a baseline for evaluation of future
monitoring data.

OUTCOMES
• T
 he SAOS regional groundwater flow model has
been significantly updated through structural
improvements, automated calibration and recent
history matching
• T
 he model update incorporated the best available
science and now provides a leading-edge technical
tool for evaluation of groundwater flow
• T
 he updated model is available for use by COSIA
member companies and Alberta Environment
and Parks
• M
 odel forecasts indicate there are sufficient
groundwater resources to meet the future demands
of in situ oil sands projects (under these scenarios)
while ensuring future sustainability of the aquifers
• P
 redicted areas of pressure reduction beyond the
benchmark were localized, and can be dealt with
at the individual project level and are addressed
through existing regulation.

OBJECTIVE
The objective of the RGS project was to evaluate the
potential range of change in aquifer pressures from
groundwater withdrawals and disposal associated with
future in situ oil sands production in the SAOS region.

LEAD COMPANY: DEVON OTHER PARTICIPANTS: BP, CANADIAN NATURAL, CENOVUS, CONOCOPHILLIPS CANADA, IMPERIAL,
NEXEN, SUNCOR
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UNIVERSITY OF ALBERTA HIGH-TEMPERATURE MEMBRANE MATERIALS
FOR SAGD – PHASE 2

A Potential Game Changer for Oil Sands
Water Treatment
OVERVIEW

THE TECHNOLOGY

Through a Natural Sciences and Engineering Research
Council of Canada (NSERC) Collaborative Research and
Development (CRD) Grant, the University of Alberta is
investigating membranes that can operate at higher
temperatures than current conventional membranes.
When water is heated to generate steam in steamassisted gravity drainage (SAGD) facilities, it then needs
to be cooled again to separate the bitumen and treat
the water for reuse. Membranes play a key component
in water treatment processes, filtering the minerals and
contaminants out of the water that surface during the
heating process and ensuring it can be used again.
Conventional membranes require that the water is cooled
in order to complete the filtration process. The University
of Alberta research project is looking at membranes that
could filter water without requiring the wastewater stream
to be cooled.

The project includes a focus on mixed matrix membranes
by using inorganic nano-materials (i.e., carbon nanotubes
and graphene oxide) in the polymer membrane matrix.
Phases:
• P
 reparing porous membranes by the phase inversion
technique using high-performance polymers
• S
 ynthesizing thin film composite membranes by
interfacial polymerization reaction
• A
 pplying novel non-permeable components to make
thin-film nanocomposite membranes
• C
 hanging membrane surface chemistry and
topography to improve fouling and permeation
properties.

OBJECTIVE
To identify and develop high temperature membranes
suitable for commercial development.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By allowing oil sands process water to be treated without
being cooled first, high-temperature membranes could
reduce greenhouse gas emissions and increase water
recycling rates.

OUTCOMES
• C
 ommercial-scale testing of a membrane that
can filter oil sands produced water at higher
temperatures than current commercial technologies.

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: COSIA WATER ENVIRONMENTAL PRIORITY AREA COMPANIES, NATURAL
SCIENCES AND ENGINEERING RESEARCH COUNCIL OF CANADA, UNIVERSITY OF ALBERTA
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NSERC/COSIA INDUSTRIAL RESEARCH CHAIR, OIL SANDS
PROCESS WATER ORGANICS TREATMENT

Leading Research in the Treatment of Oil Sands
Process Water
OVERVIEW
The Natural Sciences and Engineering Research
Council of Canada (NSERC) Industrial Research Chair
(IRC) Program in Oil Sands Tailings Water Treatment was
established in 2011. Its intent is to contribute broadly to
the fundamental engineering, scientific knowledge and
foundational data that will lead to the safe release of
treated oil sands process water (OSPW) into
the environment.

• T
 esting passive treatment technologies like
constructed wetlands, floating treatment wetlands,
hybrid constructed wetlands, and phytoremediation
• R
 esearch and testing of adaptive management
techniques in support of planned field pilots.

OBJECTIVE
The second term of this IRC Program aims to:

The IRC Chair, the University of Alberta’s Dr. Mohamed
Gamal El-Din, is a recognized leader in the national
and international environmental engineering research
communities, with significant industrially relevant
contributions in the areas of fundamentals and
applications of advanced treatment approaches for water
and wastewater, with a major focus on physical and
chemical treatment processes.

• U
 nderstand the process fundamentals of engineered
passive treatment processes

The program under Dr. El-Din will assess different water
treatment/reclamation strategies, leading to a better
understanding of constraints and opportunities to safely
release treated OSPW into the receiving environment.
The second five-year term for the IRC Chair began
in 2017.

• D
 evelop a toolbox of the best available treatment/
reclamation approaches for water matrices.

THE TECHNOLOGY
 he focus of the research program is to assess and
T
develop passive or semi-passive treatment technologies
to expedite the reclamation of OSPW to support aquatic
and terrestrial reclamation initiatives.
Some of the projects in the program include:
• L
 ong-term (i.e., over three years) column testing of
OSPW either in isolation or as a cap over fluid fine
tailings (FFT), using advanced analytical techniques
to determine the reaction kinetics and fate of organic
compounds under various oxidation conditions,
sunlight and temperature.

• A
 ssess full lifecycle and cost of different treatment/
reclamation approaches
• A
 ssess the performance of selected treatment
processes at the pilot scale
• Assess the performance of four planned field pilots

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Understanding OSPW and related water treatment
strategies will improve water use and land reclamation at
oil sands mining operations.

OUTCOMES
The outcomes from this Chair program will promote
environmental and public health protection regarding the
water quality in northeastern Alberta. The program will
also result in a group of highly qualified personnel with
interdisciplinary expertise, strengthening Alberta’s and
Canada’s capacity in the areas of water management,
treatment and reclamation.

LEAD COMPANY: SYNCRUDE OTHER PARTICIPANTS: COSIA WATER ENVIRONMENTAL PRIORITY AREA COMPANIES, NATURAL
SCIENCES ENGINEERING RESEARCH COUNCIL OF CANADA, UNIVERSITY OF ALBERTA
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REGIONAL SALT MANAGEMENT (MINING)

Understanding Salts in Mine Waters
OVERVIEW

OBJECTIVE

As operators work to increase the proportion of water
that is recycled on site, natural salt concentrations will
increase. This poses new challenges including difficulties
extracting bitumen from the ore, reducing the reliability
and efficiency of process equipment, and increasing
challenges to the reclamation process.

The study aimed to determine the most environmentallyappropriate timing of releasing treated oil sands process
water to the Athabasca River.

The Regional Salt Management Study, led by Teck,
looked at the most environmentally appropriate timing of
returning oil sands process water (OSPW), whether it is
an active release during the mining operation or delayed
return until post-reclamation.

THE TECHNOLOGY
The study looked at salt loading models of oil sands
operations and the Athabasca River and Lake Athabasca.
It evaluated two scenarios: Status Quo (accumulating
salts at operations and releasing them through pit lakes
at the mine’s closure) or Active Release (releasing treated
OSPW to the river during operations).
The conceptual model looked at meteorological variables
and tributary inflows for both Lake Athabasca and the
Athabasca River. The Lake Athabasca model converted
a bathymetric map of the water body to a gridded
2D-model with specific inputs.
Results predicted the chlorine and total dissolved salt
(TDS) levels at mine closure and during operations, as
well as the TDS and ion levels in participating study
member’s operational pit lakes. It also included a
sensitivity analysis, increasing or decreasing the levels
of chlorine and ions in the OSPW as well as increasing
or decreasing the rate of active release by each
participating operator.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Understanding the best timing for OSPW release to the
Athabasca River will support efforts to reduce water use,
increase water recycling, and accelerate land reclamation
by minimizing the amount of salt left in a tailings pond.

OUTCOMES
The study showed:
• T
 he main sources of salt to the mines are connate,
basal and raw water
• T
 he majority of salts remaining at oil sands mines at
closure will be in tailings pore water
• T
 he timing of OSPW release has little effect on the
concentrations of ions and total dissolved solids
(TDS) in the Athabasca River because of the large
dilution capacity of the river
• A
 ctive release of OSPW during operations has the
potential to substantially reduce concentrations of
ions and TDS in oil sands process water and pit lakes
at closure
• T
 here would be no noticeable effects on the salt
concentrations for the Athabasca-Peace delta or
Lake Athabasca.

LEAD COMPANY: TECK OTHER PARTICIPANTS: CANADIAN NATURAL, IMPERIAL, SYNCRUDE, SUNCOR

49 I COSIA

6

DEMONSTRATION PIT LAKES MESOCOSMS

Advancing Understanding for Pit Lake Reclamation
OVERVIEW
Oil Sands reclamation envisions a mix of forests, wetlands
and lakes – features that existed on the landscape prior
to development.
Pit lakes are a planned reclamation feature and, to ensure
they are viable and sustainable, industry is researching
ways to manage water-capped tailings that have been
reclaimed for mine closure. Pit lakes are reclamation
features common to many mine sites around the world.
Pit lakes are critical for the oil sands mining sector. COSIA
members’ long-range and mine closure plans include pit
lakes created during mine life as well as at the end of
mine life. This project focuses on research activities that
manage water-capped tailings reclaimed for mine closure.
The additional research and understanding derived from
this work will help ensure the oil sands pit lakes are viable
features in the closure landscape.

THE TECHNOLOGY
In 2015, the Demonstration Pit Lake Project undertook
a gap assessment for pit lakes in the oil sands. This
assessment identified a variety of gaps that could be
addressed through research at a variety of scales: lab
studies, field-based mesocosms, larger-scale field pilots
and commercial-scale lakes. Industry research on pit
lakes is ongoing and can be seen at commercial scale
with Syncrude’s Base Mine Lake (BML) and at field-scale
pilot size with Suncor’s Demonstration Pit Lake.

Starting in 2017, the Demonstration Pit Lakes Project,
working together with InnoTech Alberta, studied the
effects of pit lake components at the mesocosm-scale
at InnoTech Alberta’s Vegreville site. An objective of
the first year of study was to provide screening-level
information on the effects of oil sands process water
on simplified aquatic ecosystems in the presence of
densified fluid fine tailings.

OBJECTIVE
 he Demonstration Pit Lakes Project aims to close
T
knowledge gaps related to pit lakes in the context of
the oil sands. This is accomplished through targeted
research objectives suited for the various scales of
research opportunity.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By understanding the range of contents, vegetation
treatments and water chemistry, the oil sands
industry provides valuable information to improve our
understanding of pit lake performance now and in
the future.

OUTCOMES
 he outcome of this demonstration pit lake work will
T
provide operators with information that will help with the
design and operating parameters for their intended pit
lakes in the closure landscape.

To complement current industry work, the COSIA
Demonstration Pit Lakes Project focused on addressing
research questions at the mesocosm scale. Mesocosms
are simplified aquatic ecosystems that are easy to
replicate and assess. As research tools, mesocosms
afford more realism than bench-scale experimentation,
while providing more control and replication than largerscale field studies.

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: CANADIAN NATURAL, IMPERIAL, SYNCRUDE, TECK, INNOTECH ALBERTA
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STEAM QUALITY SOFT SENSOR DESIGN AND IMPLEMENTATION

Reducing Water Use and GHG Intensity of
Steam Generation
OVERVIEW
Currently, most Once-Through Steam Generators (OTSG)
operate at about 75 to 80 percent steam quality, meaning
this percentage of the water is converted into steam. The
rest is rejected as “blowdown,” a mixture of water, salt and
other solids. It becomes a challenge to increase steam
quality because the more water that is converted into
steam, the more scaling that builds up in the boiler tubes,
increasing the risk of fouling.
Based on the quality of water being used in the boiler,
manufacturers usually set a maximum steam quality limit
of 80 percent to avoid tube scaling and failure. While
operators would prefer to maintain higher steam quality
to maximize oil production and reduce blowdown, they
are typically forced to keep the steam quality below
the maximum to accommodate for changes caused by
fluctuations in temperature, the rate of water fed into the
boiler, and contaminant levels in the boiler feed water.
The technology called “soft sensors” was developed
for OTSGs by Dr. Biao Huang at the University of Alberta,
in partnership with Suncor. Soft sensors are virtual
sensors that use existing measurements to calculate the
unknown values of a quantity of interest using advanced
algorithms. They are also called inferential, proxy or
surrogate sensors.

THE TECHNOLOGY
Soft sensors are commonly used in industrial applications
where the conditions make hardware sensors unsuitable
or too expensive to implement. For example, they are
used in the refinery industry to minimize hydrogen
sulphide and sulphur dioxide emissions.

They are also capable of auto correction whenever the
actual value is available, allowing for faster adaptation
to prevailing conditions. For example, in the OTSG
application, laboratory steam-quality values from periodic
boiler blowdown samples can be used for soft sensor
auto correction.
The measured steam qualities from soft sensors can then
be used to apply corrective action in OTSG controllers so
that steam quality can be controlled in a tighter range with
reduced variation in the amount of fuel used.

OBJECTIVE
• T
 o improve steam quality and operational efficiency
of OTSG.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Suncor worked with the University of Alberta to develop
and test a steam quality soft sensor for its Firebag in situ
facility. The technology was implemented for several
OTSGs in 2014. The result of this work has significantly
reduced the variability in steam-quality measurements, in
turn enabling the OTSGs to be run closer to their limits,
increasing overall steam quality.

OUTCOMES
The soft sensor concept was used by Canadian Natural to
develop a simple and novel thermodynamic based model
for steam quality prediction. The new model has been
successfully tested and is now implemented for OTSG
control at its Primrose North facility.

Soft sensors use known information from hardware
instruments in other areas of an oil sands operation to
calculate the conditions in areas where instrumentation
isn’t quite so successful—such as an OTSG—in real time.

LEAD COMPANY: SUNCOR OTHER PARTICIPANTS: UNIVERSITY OF ALBERTA
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BOILER BLOWDOWN COMMERCIAL DEMONSTRATION

Reusing Blowdown Water Without Treatment
OVERVIEW

OUTCOMES

Typical steam generators, or boilers, convert about 80
percent of the boiler feed water they receive into steam.
The remaining 20 percent—called blowdown water—
must be treated to be reused or disposed of because
it contains impurities. Cenovus challenged the industry
practice that required the blowdown to be treated before
it could be reused.

Following the successful commercial demonstration
at Foster Creek, Cenovus’ patented blowdown boiler
technology is now part of the company’s template for new
phases and facilities.

In 2011, Cenovus commercialized its blowdown boiler
technology at its Foster Creek operation, reducing
both the cost of and energy consumed by the steam
generation process. It now uses blowdown boilers at this
project as well as at its Christina Lake oil sands project.
In 2016, Cenovus contributed its patented technology for
use by COSIA member companies.

A report of pilot results and recommendations was shared
and a workshop was held with COSIA member companies
as part of the Cenovus technology contribution.
Companies can now make their own plans on how to
adapt blowdown boiler technology to their facilities.

THE TECHNOLOGY
The leftover blowdown from the primary boiler is
re-boiled without treatment and used as the feedwater
for the second boiler in series, which converts the
majority of the wastewater into steam for use in the
in situ oil sands operation.

OBJECTIVE
• T
 o feed blowdown water from the primary OnceThrough Steam Generator (OTSG) to the secondary
OTSG without any water treatment.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Eliminating the need to treat blowdown water before it
is reused reduces an oil sands project’s water intensity,
footprint, and greenhouse gas emissions.

Steam generators at Cenovus’s Foster Creek oil sands project
in northeastern Alberta

LEAD COMPANY: CENOVUS OTHER PARTICIPANTS: CONOCOPHILLIPS CANADA
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AQUATIC TOXICITY OF ACID-EXTRACTABLE ORGANICS – PHASE 2

Understanding the Makeup of Oil Sands
Process Water
OVERVIEW
Acid extractable organics (AEO), or naphthenic acids, are
a principal class of compounds in oil sands process water
(OSPW), which can pose aquatic toxicity concerns. AEOs
represent a complex mixture that varies in composition
in different OSPW, altering toxicity and complicating
the development of water quality criteria. Defensible
numerical criteria for AEOs is lacking, which limits the
ability to consistently evaluate treatment options and
suitability for discharge to the environment. To ensure
long-term, responsible management of OSPWs, the
industry needs to develop water quality criteria for AEOs.
Target Lipid Model for Acid Extractable Organics Phase 1
developed toxicity and passive sampler data on a series
of properties commonly associated with AEOs. In addition
to experimental work, a modelling study was conducted
to evaluate potential applicability of the Target Lipid
Model to AEO compounds. Phase 2 seeks to validate the
method for organics in OSPW.

THE TECHNOLOGY
Phase 1 included a modelling analysis to relate the
chemical composition of AEOs to toxicity, and used
passive sampling as a surrogate measurement of bioavailable AEOs. Phase 2 builds on these results.
The Target Lipid Model showed that toxic AEOs appear
to act as polar organics. Organisms exposed to these
AEOs appeared to have sensitivity comparable to those
exposed to nonpolar organics. The limited available
chronic toxicity data also appeared consistent with the
TLM-derived Environmental Quality Standards (EQS).
The experiments established a proof of concept for the
use of passive samplers as a surrogate measurement
of AEO bio-availability. The passive sampler method is
based on solid phase microextraction (SPME) methods,

where a small amount of polymer-coated SPME fibre is
brought together with a sample of the exposure water;
the SPME fibre is used as a biomimetic extraction (BE)—or
a mimic—of the material that is exposed in the test.
The BE-SPME method provides a surrogate measurement
of the material in the test organism. Evaluation of
the response can provide a critical fibre (C-fibre)
concentration associated with a common effect level.
In this way, a fibre-based species sensitivity distribution
(SSD) was established using available test data. The
resulting SSD for organic acids was comparable to that
derived for SSD for nonpolar organics.

OBJECTIVE
• T
 o develop toxicity and passive sampling data on
extracts and whole process waters
• To extend methods to different species of AEOs
• T
 o collaborate with researchers (from University of
Alberta, University of Saskatchewan and Environment
Canada) to leverage existing data.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
The ability to safely release treated OSPW to the
environment would reduce the operational footprint
associated with large inventories of stored process water,
and facilitate faster reclamation.

OUTCOMES
• V
 alidate the Target Lipid Model and SPME-based
method as surrogate measurement of bio-available
AEO
• Inform the development of SPME-derived EQS
for AEOs.

LEAD COMPANY: IMPERIAL OTHER PARTICIPANTS: CANADIAN NATURAL, TECK, SUNCOR, SYNCRUDE, UNIVERSITY OF
ALBERTA, UNIVERSITY OF SASKATCHEWAN, ENVIRONMENT AND CLIMATE CHANGE CANADA
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FLASH STEAM GENERATION FIELD PILOT-DETAILED ENGINEERING STUDY

A New Approach to Steam Generation
OVERVIEW

OBJECTIVE

Steam assisted gravity drainage (SAGD) operations treat
and heat produced water from the reservoir to create
steam to inject into the well and extract the bitumen. The
process is energy intensive, and the feedwater requires
thorough pre-treatment to ensure sustainable
boiler operation.

The objective is to complete a comprehensive, detailed
engineering study and cost estimate of two size options
for a commercial demonstration pilot of flash steam
generation technology.

Flash steam generation could drastically reduce, if not
eliminate, the need for water treatment at SAGD facilities
by completely changing the way steam is created in a
SAGD operation. Generating steam in a vessel would
eliminate the scale buildup that affects reliability in typical
boiler steam generation and allow the use of lower quality
feedwater throughout the process.

By generating steam without boiling water, the process
could eliminate the need for extensive water treatment,
which in turn could increase water recycling rates and
reduce greenhouse gas emissions and
energy consumption.

The Cenovus-led project follows a 2015/2016 lab scale
test of flash steam generation technology that used
produced water from a Cenovus facility.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS

OUTCOMES
• A
 detailed engineering study and cost estimates of
two size options for a commercial pilot of flash steam
generation technology.

THE TECHNOLOGY
The flash steam generation method, by Quebec-based
FSG Technologies, uses untreated oil sands process
water to generate steam. The water is pumped to a
heater and is heated to just below boiling point at high
pressure. The water is then sent to a large tank with much
lower pressure, where it quickly turns into steam – a
depressurization process called “flashing.” Most of the
impurities associated with steam generation remain in
the water and don’t line the tank walls like they usually
do with the boiler tubes in traditional SAGD steam
generation. The remaining water is mixed with incoming
feedwater and returned to the heater. Overall, above
90 percent of the feedwater is converted to high-quality
steam through this process.

LEAD COMPANY: CENOVUS OTHER PARTICIPANTS: FSG TECHNOLOGIES, NEXEN, BP
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NATURAL AND ANTHROPOGENIC INPUTS TO THE ATHABASCA RIVER

Use of State-of-the-Art Research Facility to Better
Understand the Athabasca River
OVERVIEW
The Natural and Anthropogenic Inputs to the Athabasca
River Project collected and analyzed samples from the
Athabasca River and regional water bodies to assess the
relative contribution of salinity, selected trace elements
and dissolved organics to the river system from both
natural and anthropogenic sources.

THE TECHNOLOGY
Sample analysis for the project was conducted in the
University of Alberta’s SWAMP [Soils, Waters, Air, Manures
and Plants] Laboratory, a state-of-the-art, ultra-clean,
metal-free research facility, capable of measuring
environmental changes more sensitively and accurately
than ever before.
The project included multiple studies, including:
• A
 n assessment of the levels of silver, cadmium, lead,
antimony and thallium (all trace elements that are
toxic to living organisms) upstream and downstream
of oil sands tailings ponds and upgraders
• M
 easurement of dissolved and particulate lead in
snowmelt from peat bogs near open pit mines and
upgraders to determine bioavailability
• Investigation of arsenic speciation upstream
and downstream of oil sands tailings ponds and
upgraders
• C
 omparison of the concentrations of total (unfiltered
water) and particulate (> 0.45 μm) metals along the
study range of the Athabasca River
• C
 haracterization of naphthenic acids and other
bitumen-derived organics in surface water,
groundwater and oil sands process water.

OBJECTIVE
• E
 nhance the physical, chemical and biological
understanding of the lower Athabasca Study

area (i.e., a 125-kilometre stretch of river from Fort
McMurray to downstream of the Firebag River
confluence)
• A
 ssess the relative contribution of salinity, selected
trace elements and dissolved organics to the
Athabasca River system from both natural and
anthropogenic sources
• A
 ssess the relevance of natural and anthropogenic
contributions of constituents to the Athabasca River
system in relation to suspected impacts to water
quality and biological receptors.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By actively advancing knowledge of the aquatic
ecosystem from human development in the last century
compared to natural contributions from at least the
last 10,000 to 15,000 years, the oil sands industry can
understand its impact on the Athabasca River, and work to
reduce its net water use intensity.

OUTCOMES
• T
 he studies found no elevated levels of toxic metals,
particulate lead or arsenic speciation in the study
area of the Athabasca River
• It also showed that snowmelt from the Athabasca
bituminous sands region is an insignificant source
of dissolved lead (Pb) to the river. Despite evidence
of both natural and anthropogenic seepage, no
evidence of any bitumen-derived organics was
detected at any location in the Athabasca River
mainstream surface water
• F
 urther analysis has been proposed on the trace
elements in atmospheric dust to determine if they
are natural or anthropogenic, as well as if they are
bio-available and impact the Athabasca River system
when they settle.

LEAD COMPANY: SYNCRUDE OTHER PARTICIPANTS: CANADIAN NATURAL, IMPERIAL, SUNCOR, TECK, ALBERTA INNOVATES,
UNIVERSITY OF ALBERTA
55 I COSIA

“About 80 percent of Alberta’s
oil sands reserves are buried so
deep beneath the earth’s surface
they can only be recovered
through in situ, meaning “in place,”
extraction technology. In situ
operations use water to produce
high-temperature steam that is
injected into the reservoir through
a horizontal injector to melt
the bitumen.” (55)
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Projects started
in 2017

57 I COSIA

178
Contributed
technologies

280 78

$

million

Cost of active
projects

Active projects

TAILINGS
Environmental Priority Area
Insights into tailings management:

1
2
3
4
5
6
7
8
9

Natural Sciences and Engineering Research
Council of Canada Collaborative Research
Development Grant, Carleton University
Jacking Header
Laminar Testing of Slurries
In-line Flocculation Field Mixing Test Platform
Pilot Scale Test Project of Non-Segregating
Tailings Enhancement
Froth Treatment Working Group
Institute for Oil Sands Innovation
- COSIA Research
NSERC/COSIA Industrial Research Chair
in Oil Sands Geotechnique
GeoCERF FFT Self Consolidation Behaviour
Comparison
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TAILINGS
OPPORTUNITY AREAS AND GAPS

Clay Chemistry
Impact on
Permeability and
Consolidation of
Fines-Dominated
Deposits

Environmental
Performance
Assessment for
Froth Treatment
Tailings Affected
Material

Ex-situ Treatment
of Fluid Tailings
Prior to Placement
in Pit Lakes.

Modelling to
Improve Predictions
of Commercial
Deposit
Consolidation
Impact of Water
Chemistry on
Tailings
Treatment and
Consolidation
TECHNOLOGY
FUNDAMENTALS

Optimize
Flocculant/Coagulant
Suite and Dosage to
Improve De-Watering
and Consolidation
Performance for TT,
FFT and NST/CT
Deposits

TAILINGS IN PIT
LAKES AND SOFT
DEPOSITS

TAILINGS
Impact of
Residual
Bitumen on
Tailings

Tailings
Treatment
Optimization to
Improve/Predict
Fines Capture

Assessment of
Environmental
Net Effects (ENE)
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In Situ Treatment
of Fluid Tailings in
Pit Lakes.

COSIA EPA members will strive
to transform tailings from waste
into a resource that speeds land
and water reclamation.

TECHNOLOGY
OPTIMIZATION
AND
COMMERCIALIZATION

Optimizing Existing
Tailings Treatment
Technologies

Commercially
Ready Online
Instrumentation

Capping of
Tailings
Deposits

Atmospheric
Drying of
Fines-Dominated
Tailings Deposits

Consolidation
Enhancement
and Adaptive
Management

IMPROVING
DEPOSIT
PERFORMANCE

In Situ Amendments
to FFT and Soft
Tailings Deposits to
Create Boreal Forest
Landforms

Freeze-Thaw
Effects on
Consolidation

Co-Deposition
of Tailings
Streams
Harvesting FFT

COLLECTION,
TRANSPORTATION
AND
DEPOSITIONAL
FLOW

Depositional Flow
of Non-Newtonian
Slurries

Applied Rheology
and Effects of
Pipeline Shear

Impacts of Shear
and Chemical
Dosage on
Dewatering and
Segregation
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TAILINGS EPA: TECHNOLOGY FUNNEL (DECEMBER 2017)

DISCOVER

DESIGN

Fluid Tails
Thermal Drying
Suppression of Fines
Resuspension in Aqueous
Deposition Tailings
3m Geocolumns

K40 Evaluation

Fluid Fine Tailings (FFT)
Clay Removal
Measure Methylene
Blue Index In Floc.
Rheology Monitor
Tech Lit Review

Engineered
Tailings
Research

Mature Fine Tailings (MFT)
Floc Evaluation

Tailings Solvent
Recovery Unit

Tailings
Consolidation
Casing

Laminar
Testing of
Slurries

In-situ EK

FFT Treatment
w/ Alum & Iron
based Coagulants
FFT Insitu Dewatering
FFT Insitu
Dewatering

Deep
Deposit
AFD
Impact of
Bitumen on
Consolidation

Induced Freeze/Thaw
Volute Screw Press Test
(Potential Application of
Volute Screw Press)
Magnetic Segregation Indicator
Selection Study
Delta Analogue
Capping of
Soft Tailings
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Mechanical
Dewatering
of MFT

Tailings
Settling

Slurry to Soil

MFT Dynamic
Flocculation

Naphtha Recovery Unit
Froth Treatment Tails
Spiked Non-Segregating Tailings (NST)
Deposition Monitoring
FFT
Comingling
InLine
Dewatering

MFT
Polymer
Injector

Muskeg
Mitigation

Thickened Tailings
Refloc and Mix
Focus Beam Reflectance
Measurement MFT Monitoring
2016 Centrifuged
FFT Sand Capping

Tailings
Surveillance
Technologies
Permanent
Aquatic
Storage
Structure
Seepage
Induced
MFT
Consolidation

DEVELOP

DEPLOY

Tailing Reduction Operations

Floc MFT
Beach Flow

Accelerated Fines Drying
CT Optimization

NST Enhancement
Deep Deposit Filling,
Monitoring, Modelling

Jacking header
FFT – Overburden
Co-mixing

Base Mine Lake
Demonstration
Inline Flocculation
Field Mixing
Chemically Induced
Micro-Agglomeration
MFT Dynamic
Flocculation

Particlear
Consolidation

Thickener
Optimization

PSI 500i Instrument Eval.

NST
Deposition
Monitoring

Tremie Diffuser

CO2 Addition

NST Deployment

Two Phase
Flow Sedimentation

TT Flocculent Screening
Polymer Floc
Tails Sand Cap

MFT Centrifugation
Mature Fine Tailings Drying

LGP Bearing Ditchers
Deep Cohesive
Deposit Modelling

Thickened Tails
Refloc, Transp,
Deposition Test

Vertical
Strip Drain

Thickeners
Application

MFT Dilution

TIME TO IMPLEMENTATION
Deployed
0-3 Years
4-6 Years
7-10 Years
>10 Years
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NATURAL SCIENCES AND ENGINEERING RESEARCH COUNCIL
OF CANADA COLLABORATIVE RESEARCH DEVELOPMENT GRANT,
CARLETON UNIVERSITY

Collaborating with Leading Researchers to
Understand Tailings Dewatering
OVERVIEW

OBJECTIVE

Through the Natural Science and Engineering Research
Council of Canada (NSERC) Collaborative Research
Development (CRD) program, Carleton University’s Dr.
Paul Simms and his graduate students work together with
COSIA member companies to develop new measurement
devices and techniques for evaluating and predicting the
long-term dewatering behaviour of treated oil sands
fine tailings.

Broadly, the research project aims to predict the
depositional flow and consolidation of fine tailings that
have been treated to accelerate reclamation activities.
The work will develop and evaluate models to predict
flow behaviour and improve the understanding of the
physics driving dewatering. Specifically, the objective is
to learn how the physics of thixotropy impacts tailings
strength gain and dewatering. It also aims to apply this
knowledge to improve tailings model prediction as well as
to develop new tools for experimental evaluation of key
performance indicators.

THE TECHNOLOGY
The project is looking at methods to rapidly determine
parameters that govern long-term dewatering of oil
sands tailings, including a mini-consolidometer
and geophysical imaging of laboratory-scale
deposition experiments.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By understanding long-term tailings dewatering,
operators can improve water use and recycling,
and improve overall tailings management plans.
The delivery of a new consolidation tool presents
a step-change in the rate of data acquisition for the
industry, enabling faster improvement and operational
optimization. The introduction of new physics to tailings
models can also improve their accuracy and relevance
for predicting tailings behaviour, leading to more costeffective reclamation.

OUTCOMES
• A
 n investigation of the correlations of simply
measured parameters to consolidation and
thixotropic properties
• A
 new measurement tool to rapidly evaluate longterm dewatering behaviour of oil sands fine tailings
• A
 n experimental study of thixotropy, rheology
and tailings fabric, and the updating of models to
incorporate these learnings
• T
 ools to identify on/off spec tailings during pipe flow
and early deposition.

LEAD COMPANY: IMPERIAL OTHER PARTICIPANTS: COSIA TAILINGS ENVIRONMENTAL PRIORITY AREA COMPANIES, NATURAL
SCIENCES AND ENGINEERING RESEARCH COUNCIL OF CANADA (NSERC), CARLETON UNIVERSITY
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THIN LIFT EVAPORATIVE DRYING – SURFACE AREA UTILIZATION

A New Technology to Manage Mature Fine Tailings
OVERVIEW

OBJECTIVE

Managing mature fine tailings (MFT) is a critical step
in oil sands mine reclamation. In the majority of MFT
management processes chemicals commonly applied
in municipal water treatment facilities are utilized to help
separate water from the fine tailings. The chemicals,
referred to as polymer flocculants, attach themselves
to the clay particles in the MFT causing them to bundle
together and separate from the water.

 he project sought a better understanding of how to
T
design and operate a self-raising header structure,
eliminate re-handling dMFT and reduce footprint
requirements for MFT thin lift evaporative drying strategies.
This included determining the production rates at a given
quality that could be expected for a full scale commercial
deployment of a Jacking Header asset using an optimized
depositional approach.

Applying a thin lift evaporative drying approach to
chemically treated MFT requires deposition in areas
specifically constructed for the technology. The water
released by the chemical treatment is returned to the
tailings storage facilities where it will be reused in the
bitumen extraction process. The resultant dewatered
material is next subjected to evaporative drying and can
be reclaimed in the same location where it was deposited
or transported to another location for final reclamation.
This project involved testing a mechanical Jacking
Header in Suncor’s Tailings Reduction Operations
(TROTM). The goal of the project was to measure the
properties of the dried tailings over time, and determining
potential depositional area optimizations and footprint
reductions with the Jacking Header system compared to
conventional earth berms.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
The project supports TROTM, and equivalent MFT
treatment technologies, in creating trafficable, stackable
deposits, improving reclamation and reducing land use.

OUTCOMES
• Deployment of Jacking Header
• D
 etermination of best practise deposition to
maximize production yield
• Q
 uantification of quality (density/solids content/CWR)
at given yield
• D
 ata collection on Freeze-thaw consolidation
behaviour of deposit performance post deposition.

THE TECHNOLOGY
The Jacking Header is a hydraulically jacked structure
capable of matching the rate of rise of tailings eliminating
the need to raise, and in some cases install, earthen
berms or excavate deposited mature fine tailings (dMFT.)
Its design, with bilateral spigotting capabilities, results in
the use of one pipeline setup for deposition within two
placement areas eliminating the need for intra deposit
placement berms.

LEAD COMPANY: SUNCOR

PROJECT PORTFOLIO 2017 I 64

3

LAMINAR TESTING SLURRIES

Transporting Thickened Tailings
OVERVIEW
The Saskatchewan Research Council is working with
COSIA to investigate the behaviour of thickened tailings
in pipelines. Fine fluid tailings are thickened to remove
water, maximize storage potential and improve deposition
behaviour of tailings deposits, allowing for earlier and
more efficient reclamation of tailings deposits. These
thickened products are dense slurries that are more
difficult to move, but must still be transported in pipelines
from thickening plants to designated disposal areas.
Typically, for effective suspension of settling solids, slurry
pipelines are designed to operate in turbulent flow.
However, with thickened tailings turbulent flow is difficult
in some cases, often costly and not practical to achieve.
This means that the pipeline transport of these slurries
may take place under laminar flow conditions.

THE TECHNOLOGY
The project focuses on an improved understanding of
the pipeline transport of thickened tailings in the laminar

flow regime and the development of a model to aid in
the pipeline design. The research has the potential to
improve pipeline design and operation, making them
more energy efficient, reliable and cost effective.
Without a reliable model to successfully operate large
diameter slurry pipelines in laminar flow, solids may
settle in the pipeline, which can lead to blockages and
operational upsets.
The researchers at SRC’s Pipe Flow Technology CentreTM
(PFTC) are world-leading experts on pipeline slurry
behaviour. The PFTC facility is fully equipped to enable
full-scale physical modelling of the complex pipe flow
behaviour of slurries and crude oil mixtures. The PFTC’s
historical work in collaboration with other experts led to
the development of the SRC Pipe Flow Model, a tool used
for the design of slurry pipelines in the turbulent flow
regime. This model is employed by engineering firms in
the design of new pipeline systems in the oil sands and
is regarded as an industry standard when it comes to
transporting oil sands slurries.

OBJECTIVES
• T
 o produce sufficient analytical data to support
the development of an SRC model to predict the
behaviour of thickened tailings material under
laminar flow regime.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
By improving the flow of slurries, oil sands operators
can improve how they move and treat oil sands tailings,
accelerating land reclamation.

OUTCOMES
• A
 preliminary model to transport slurries in
laminar flow.

LEAD COMPANY: CANADIAN NATURAL OTHER PARTICIPANTS: IMPERIAL, SUNCOR, SYNCRUDE, SASKATCHEWAN RESEARCH
COUNCIL, PATERSON & COOKE
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INSTRUMENTATION AND CONTROL FOR IN-LINE FLOCCULATION
OF FLUID FINE TAILINGS

Instrumentation and Control System for FFT
Flocculation to Improve Tailings Management
OVERVIEW

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS

Fine fluid tailings (FFT) flocculation is a technique that
improves the rapid dewatering and ultimate remediation
of oil sands fine tailings.

As an enabling technology to increase the quality and
consistency of treated tailings, the project has the
potential to improve the performance of the majority of
tailings reduction technologies currently in use, thereby
increasing land reclamation, and reducing water usage.

Typically, FFT is mixed with flocculant in a static mixer,
which does not allow for any modifications to the
treatment process to respond to changes in operating
conditions or feed characteristics. The Instrumentation
and Control for In-line Flocculation of Fluid Fine Tailings
Project is working to develop a controllable in-line
flocculation technology that responds to the properties of
the tailings stream and allows for the measured addition
of a polymer flocculant and variable mixing intensity.

OUTCOMES
• Proven pilot-scale field deployment.

THE TECHNOLOGY
The process includes:
• F
 eed flocculation system - a motorized, impellerbased in-line mixing system with hardware to
introduce the flocculant
• Instrumentation and control system - allows oversight
and manipulation of variables such as mixing
intensity and flocculant dosage
• P
 ipeline - moves the raw tailings to the
deposition area.

OBJECTIVES
To design and fabricate an in-line flocculation mixing
platform with instrumentation and control systems for the
continuous testing of accelerated dewatering techniques.

Workers walk on dewatered tailings (photo credit:
Canadian Natural)

LEAD COMPANY: CANADIAN NATURAL
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PILOT-SCALE TEST PROGRAM OF NON-SEGREGATING
TAILINGS ENHANCEMENT

Increasing Fines Capture
OVERVIEW
Non-segregating tailings (NST) are tailings that have
been significantly treated to form a homogeneous, semicohesive mass when placed in dedicated disposal areas.
In 2015, Canadian Natural began production of nonsegregating tailings (NST) at its Horizon facility. The NST
treatment process includes cyclones, to separate coarse
sand, and thickeners, to capture and remove water from
the fines in the tailings streams. The warm water that is
removed is then reused in the bitumen recovery process.
The coarse sand and thickener underflow are then mixed
and combined with carbon dioxide (CO2) to produce NST.
The NST Enhancement Project evaluated technology
options that would increase the volume of fines captured
in the deposit, as well as that could be deployed in the
event of a malfunction in the conventional NST process.

THE TECHNOLOGY
Canadian Natural led a pilot-scale demonstration test
program at the west side of Horizon’s external tailings
facility. The program involved taking a slipstream of NST

from the main NST line, diluting it to create off-spec NST,
and then injecting (called spiking) polymer to create
enhanced NST prior to deposition.
The test program was conducted in five separate cells.
Thurber Engineering assisted with the data collection and
evaluation of geotechnical and depositional behaviour
of deposited materials with a view to comparing
geotechnical performance of the NST process with
different NST enhancement methods.
Parameters monitored included:
• Segregation and fines capture performance
• Consolidation performance
• Strength over length and depth of deposit
• Visual observation and time-lapse images.

OBJECTIVES
 o test the 2015 lab results from the Enhanced NST
T
Project in the field to determine:
• P
 erformance and reliability of the NST, enhanced
NST, and spiked NST processes
• D
 eposition performance, geotechnical performance
and fines capture.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
The NST treatment process reduces the tailings footprint,
as well as energy and greenhouse gas output.

OUTCOMES
• Process improvements for NST treatment
• Increased volume of fines captured.

Non-segregating tailings enhancement (photo credit:
Canadian Natural)

LEAD COMPANY: CANADIAN NATURAL
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FROTH TREATMENT TAILINGS WORKING GROUP

Assessment of Environmental Performance of
Froth Treatment Tailings
OVERVIEW

OBJECTIVES

In oil sands mining, bitumen is extracted from the ore in
two steps. In the water-based primary extraction phase,
bitumen is separated from the sand to yield a froth
stream, which contains most of the bitumen, water and
fine solids. The next step, called ‘froth treatment’, is a
solvent-based extraction that results in a diluted bitumen
stream, ready for upgrading. The waste stream from the
second extraction step is referred to as froth treatment
tailings (FTT). While this stream is small compared to
the one that results from the first step, trace amounts
of solvent and some specific mineral components may
require additional attention to ensure successful closure
of the mine.

The Froth Treatment Tailings Assessment Working Group
focuses on:

The Froth Treatment Tailings Assessment Working
Group provides a platform to share the current technical
information for the assessment of the medium to longterm environmental performance of deposits containing
FTT. It uses the information shared to identify and close
potential knowledge gaps with respect to
FTT management.

THE TECHNOLOGY
Understanding the long-term environmental performance
of FTT is essential for operators to plan future closure
landscapes successfully. The results shared by the FTT
Assessment Working Group will go toward developing
innovative techniques and technologies to manage FTT.
This initiative started in 2017 with the sharing of industrywide best practices and actual operational performance
information, as well as developing experimental
programs to further characterize the deposits in terms
of water, solids and hydrocarbon chemistry, as well as
microbiology. The information compiled to date will lend
to the probability of successful development/deployment
of future treatment techniques and technologies.

• A
 ssessment of Deposits Containing FTT
Trace solvent in FTT is known to support microbial
activity, but the long incubation and solvent
conversion times make specific lab-scale studies
quite slow. As an alternative to lab studies, the
industry has access to real life materials in historical
and currently utilized deposits containing FTT
• Mitigation Development
Once the biodegradation processes are reviewed in
detail, options will be developed to steer the activity
towards improving the environmental performance of
these deposits.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Better fundamental understanding of long-term
environmental performance of FTT will accelerate closure
activities for this type of tailings deposit. Furthermore,
a complete picture of the biological activity of deposits
containing FTT will open up new avenues to manage
GHG emissions as seen from certain tailings deposits.

OUTCOMES
 pportunities for collaboration on the joint
O
development of specific FTT management technologies
(i.e., in terms of end-of-pipe solutions or deposit
management techniques).

LEAD COMPANY: SUNCOR/IMPERIAL OTHER PARTICIPANTS: COSIA TAILINGS ENVIRONMENTAL PRIORITY AREA COMPANIES
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INSTITUTE OF OIL SANDS INNOVATION (IOSI) - COSIA RESEARCH

Unprecedented National and International
Collaboration in Tailings Reclamation Research
OVERVIEW
One of the priorities of the Institute for Oil Sands
Innovation (IOSI) program is tailings research, so it invites
proposals annually from government, academia and
private companies who are pushing the boundaries in that
space. COSIA’s Tailings Research Working Group helps
assess the proposals and identifies which ones offer the
most promise and should be co-funded by COSIA. Since
2013, COSIA has reviewed close to 250 submissions.
Member companies also collaborate with researchers
and use the laboratory space at IOSI for their own
research endeavours.

THE TECHNOLOGY
Member companies are currently undertaking several
research projects at IOSI, including:
• U
 se of Tubifex to Enhance Densification and Strength
of Oil Sands Tailings
Building on the scientific evidence of the benefits
of using tubifex for oil sands tailings dewatering
and consolidation, the project aims to refine
operational parameters for their use and scale up
to a pilot project
• M
 icrobiological and Vegetation for Tailings
Management
Two native plant species will be examined for
their ability to breakdown residual hydrocarbons
and organic acids, and restore nitrogen levels
to accelerate the transformation of FFT to
reclaimed soil
• In Situ, Real-time Measurements of Solids Content
in Settling Tailings
Researchers are developing a subsurface solids
content analyzer, using a combination of optical and
safe gamma ray methods 			

• D
 evelopment of Rapid Screening Methods of Mature
Fine Tailings
The study examines tailings samples from various
operators to predict the key properties required for
effective tailings management.

OBJECTIVES
• D
 evelop breakthrough research to reduce the use of
water, energy and industrial footprint and yield high
quality products from bitumen
• P
 romote effective means of using Alberta’s science
and engineering resources, and support science
and engineering research laboratories and related
facilities in the province
• P
 romote cooperation in science and engineering to
minimize duplication in, and promote concentration
of, effort in that research in Alberta
• E
 ncourage young Albertans to pursue careers in
research in science and engineering.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFITS
Research is underway at IOSI advances efforts to improve
tailings management, accelerate land reclamation and
reduce greenhouse gas emissions and water use.

OUTCOMES
Results and reports are shared in COSIA’s Tailings
Environmental Priority Area to contribute to knowledge
for complementary efforts underway, decisions on future
studies and Joint Industry Projects.

LEAD COMPANY: IMPERIAL OTHER PARTICIPANTS: COSIA TAILINGS ENVIRONMENTAL PRIORITY AREA COMPANIES
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NSERC/COSIA INDUSTRIAL RESEARCH CHAIR,
OIL SANDS GEOTECHNIQUE

World-class Research on Tailings Challenges
OVERVIEW
Dr. Ward Wilson, Natural Sciences and Engineering
Research Council of Canada (NSERC)/COSIA Industrial
Research Chair (IRC), Oil Sands Tailings Geotechnique,
leads 19 research projects aimed at identifying potential
solutions to challenges presented by tailings. A University
of Alberta engineering professor and renowned expert
in advanced mine waste management, Dr. Wilson was
appointed to the role in 2014. Alberta Innovates is also a
funder and partner in the Chair.

THE TECHNOLOGY
Research focuses on four technology paths:
• M
 easurement of the effectiveness of current tailings
remediation efforts
• N
 ew and innovative processes for reducing the
amount of post-production tailings
• Increased understanding of the long-term
geotechnical behaviour of fluid fine tailings
• T
 ailings simulation models and unsaturated soil
mechanical models to assist with tailings planning
and management.

OBJECTIVES

• T
 ailings simulation modelling and long-term
behaviour of fine tailings.

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFIT
The research will have long-term impact on how tailings
can be managed and technologies to be developed to
help accelerate reclamation.

OUTCOMES
The projects carried out under this research program will
provide Canada’s oil sands industry, its regulators and
consultants with findings in four areas:
• Improved measurement techniques of the
effectiveness of current tailings remediation efforts
• N
 ew and innovative processes for reducing the
amount of post-production tailings
• Increased understanding of the long-term
geotechnical behaviour of treated fluid fine tailings,
especially including surface effects like rewetting and
freeze-thaw
• T
 ailings simulation models and unsaturated soil
mechanical models to assist with tailings planning
and management.

 ollowing consultation with COSIA’s Tailings
F
Environmental Priority Area, the NSERC/COSIA Industrial
Research Chair in Oil Sands Tailings Geotechnique’s
research program is studying:
• U
 nsaturated soil mechanics for oil sands tailings
deposition
• C
 onsolidation processes for mature fine tailings and
treated tailings streams
• Assessing and improving tailings deposition
Robotic system for tailings characterization
(photo credit: Imperial)

LEAD COMPANY: IMPERIAL OTHER PARTICIPANTS: COSIA TAILINGS ENVIRONMENTAL PRIORITY COMPANIES, NATURAL
SCIENCES AND ENGINEERING RESEARCH COUNCIL OF CANADA (NSERC), UNIVERSITY OF ALBERTA
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GEOCERF FFT SELF CONSOLIDATION BEHAVIOUR COMPARISON

Collaborating with Leading Researchers to
Understand Tailings Dewatering
OVERVIEW
During the bitumen extraction process, over 90 percent
of the bitumen in the ore is recovered. However, typically
5-to-10 percent of the bitumen remains present in fluid
fine tailings (FFT) in the tailings pond. Tailings reclamation
specialists continue to try to understand if and how the
presence of bitumen impacts the tailings consolidation
process. Ultimately, consolidated tailings may be used to
transform tailings ponds into reclaimed land surfaces or
end-pit lakes.

The study compared the self-consolidation behaviour of
three FFT samples: one with a high bitumen content, one
with medium bitumen content, and one with low bitumen.
Each was spun to the same prototype time and the
consolidation behaviour was compared.

OBJECTIVE
The testing program set out to compare the selfconsolidation behaviour of different fine flocculated
tailing materials.

THE TECHNOLOGY

POTENTIAL/ACTUAL ENVIRONMENTAL BENEFIT

The only one of its kind in Western Canada, the University
of Alberta’s beam centrifuge uses a 2.2-metre-long steel
arm to physically model the consolidation process as it
would take place in nature, but in a fraction of the time.
The technology models a 55-year prototype timeframe to
two days.

By understanding if and how the presence of leftover
bitumen impacts the tailings consolidation process,
tailings reclamation processes can be improved.

OUTCOMES
• Accelerated FFT self-consolidation
• S
 cientific evidence to support future fine tailings
technology development and business decisions
• Advanced research in tailings consolidation.

Beam centrifuge (photo credit: Syncrude)

LEAD COMPANY: IMPERIAL OTHER PARTICIPANTS: COSIA TAILINGS ENVIRONMENTAL PRIORITY AREA COMPANIES,
UNIVERSITY OF ALBERTA
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ACTIVE PROJECTS 2017-2018

33

IDENTIFY TAILINGS POND AREA FUGITIVE
EMISSIONS REDUCTIONS TECHNOLOGIES

ENVIRONMENTAL INFLUENCES OF SALINITY
RESISTANCE IN FOREST PLANTS

IDENTIFY MINE FACE AREA FUGITIVE EMISSIONS
REDUCTIONS TECHNOLOGIES

ROOT GROWTH UNDER HETEROGENOUS SOIL
CONDITIONS (TEMPOSAL AND SPATIAL SCALES)

AREA FUGITIVES WORKING GROUP

PEATLAND RESTORATION

CONSTRUCTED WETLANDS FOR HYDROCARBON
TREATMENT

CO2 CAPTURE, CONVERSION AND STORAGE
WORKING GROUP

FOREST RECLAMATION

SOIL GAS SAMPLING

REGIONAL INDUSTRY COLLABORATIVE CARIBOU
CONSERVATION - COLD LAKE NORTH

PILOT STUDY TO EVALUATE THE USE OF REED BED
SYSTEMS FOR TREATMENT OF WASTEWATER

BASELINE (CONTROL SITES) WILDLIFE MONITORING
IN DILLON RIVER WILDLAND

WELL PAD RECLAMATION IN PEATLANDS

NRG COSIA CARBON XPRIZE
ADVANCED BURNER TECHNOLOGY
NATURAL GAS DECARBONIZATION GLOBAL TECH
SCAN AND EVALUATION
CO2 GAS HYDRATE STORAGE LONG-TERM STABILITY
IN ATHABASCA REGION
CO2 CAPTURE SORBENT PERFORMANCE
EVALUATION
CARBON INFRASTRUCTURE FOR OIL SANDS
H2 FROM H2S
SMALL MODULAR NUCLEAR REACTOR (PHASE 2):
ALBERTA OIL SANDS INDUSTRY APPLICATIONS
APPLICATION OF TRIDENT AS A STRATEGY
DECISION AND TRACKING SUPPORT TOOL
CO2CEPTS MAINTENANCE
FORESIGHT ARCTIC HOT WATER SPRINT (PHASE 3)
EMERGING AND EXISTING OXYGEN PRODUCTION
TECHNOLOGY SCAN AND EVALUATION
UNMANNED AERIAL VEHICLE-SENSOR TESTING
NATURAL GAS DECARBONIZATION SPRINT (PHASES
1 AND 2)
COST BENEFIT ANALYSIS - TOOL
HYBRID CO2 CAPTURE TOOL
HAUL TRUCK TECHNOLOGY SCAN
UPGRADING TRIDENT TOOL FUNCTIONALITY
(PHASE 2)

120

PRE-FEED OF A PILOT TO TEST POST
COMBUSTION CO2 CAPTURE USING MOLTEN
CARBONATE FUEL CELLS
SATELLITE MONITORING OF AREA FUGITIVE
EMISSIONS

INDUSTRIAL RESEARCH CHAIR IN FOREST LAND
RECLAMATION
OIL SANDS VEGETATION COOPERATIVE
SILVICULTURE TOOLKIT FOR ENHANCING
RECLAMATION SUCCESS
NSERC TERRESTRIAL RESTORATION ECOLOGY
INDUSTRIAL RESEARCH CHAIR
ASSESSING AND MITIGATING WILDFIRE RISK TO
WOODLAND CARIBOU RECOVERY PROJECTS UNDER
CURRENT AND FUTURE CLIMATES
NSERC/COSIA INDUSTRIAL RESEARCH CHAIR, OIL
SANDS WETLAND RECLAMATION
SHARED INDUSTRY PRACTICES FOR WORKING IN
AND AROUND WETLANDS
BIOENGINEERING AND STANDARD EROSION AND
SEDIMENT CONTROL
IN SITU LAND FOOTPRINT INTENSITY REDUCTION
BEST PRACTICES
RECLAMATION MATERIAL STOCKPILING
OPPORTUNITY AND GAP ASSESSMENT
PAD RECLAMATION ALTERNATIVES
FORWARD III

IMPROVING ESTABLISHMENT SUCCESS AND
EARLY GROWTH OF TREMBLING ASPEN ON IN
SITU RECLAMATION SITES IN THE ATHABASCA
OIL SANDS

ASSESSING THE PRODUCTIVE CAPACITY OF
COMPENSATION LAKES

HIGH TEMPERATURE MEMBRANES FOR STEAM /
CO2 SEPARATION

LIDEA II

JACK PINE ESTABLISHMENT

MOUNDING 2.0

SURFACE SOIL STOCKPILING RESEARCH

CESAR SAGD COGENERATION STUDY

WILDWATCH WORKER AWARENESS PROGRAM

BISON RESEARCH, MITIGATION AND MONITORING

INVENTYS 1000 TPD VELOXOTHERMTM CO2
CAPTURE PLANT DBM AND FEED STUDY FOR
DEVON JACKFISH

WILDLIFE MONITORING - HORIZON

A MULTIPLE-LINES-OF-EVIDENCE APPROACH
FOR THE ECOLOGICAL RISK ASSESSMENT OF AN
ACCIDENTAL BITUMEN RELEASE FROM A SAGD
WELL IN THE ATHABASCA OIL SANDS REGION

CO2 CAPTURE FROM HYDROGEN PLANTS
- ASSESSMENT OF ORBITAL ATK CAPTURE
TECHNOLOGY

SURFACE SOIL AND SUBSOIL MODELLING (SALVAGE
AND STOCKPILE VOLUMES) AND RECLAIMED LAND
DATABASE
CREATING AND COMMERCIALIZING A PREDICTIVE
ECOSITE CLASSIFICATION PLATFORM FOR ALBERTA

ALBERTA CARBON CONVERSION TECHNOLOGY
CENTRE

USE OF ACOUSTIC RECORDING UNITS FOR RARE
SPECIES MONITORING

CANMETENERGY REDUCING GHG EMISSIONS IN
OIL SANDS IN SITU FACILITIES USING PLANT-WIDE
HEAT RECOVERY AND OPTIMALLY INTEGRATED
CO2 CAPTURE

SUCCESSIONAL RECOVERY

SEASONAL AREA FUGITIVE EMISSION
MEASUREMENTS OF METHANE AND CO2
OTSG FLUE GAS HEAT RECOVERY - FEED STUDY
CSS VACUUM INSULATED TUBING (VIT) PILOT

J10 RECLAMATION TRIAL
USING UNMANNED AERIAL VEHICLES AND REMOTE
SENSING TECHNIQUES TO MEASURE RECLAMATION
SUCCESS
IMPROVING SEED LONGEVITY
AURORA CAPPING STUDY (MULTIPLE PROJECTS)
NATIVE BALSAM POPLAR CLONES FOR USE IN
RECLAMATION OF SALT-IMPACTED SITES

MONITORING AND ASSESSMENT OF MUSKEG LAKE
ASPEN PLANTING DENSITY

USING LIDAR, COLOUR INFRARED IMAGERY
AND GROUND TRUTH DATA FOR MAPPING AND
CHARACTERIZING VEGETATION SUCCESSION
ON DISTURBANCE TYPES: IMPLICATIONS FOR
WOODLAND CARIBOU HABITAT MANAGEMENT
VEGETATION RECOVERY ON LOW IMPACT SEISMIC
LINES IN ALBERTA’S OIL SANDS AND VISUAL
OBSTRUCTION OF WOLVES AND WOODLAND
CARIBOU
WORKSHOP: CONSERVATION BREEDING AND
TRANSLOCATION TO INCREASE WILD CARIBOU
POPULATIONS IN WESTERN CANADA
HUMAN AND WILDLIFE RISK ASSESSMENT OF OIL
SANDS RECLAMATION AND CLOSURE LANDSCAPE
SCENARIOS

FASTER FORESTS

SELECTED WILLOW CLONES FOR USE IN RECLAIMED
ECOSYSTEMS IMPACTED BY ELEVATED SALT
LEVELS

COLD LAKE H38 WETLAND TRIAL

SANDHILL FEN (MULTIPLE PROJECTS)

SEED DELIVERY SYSTEMS RESEARCH

LONG-TERM SOIL DEVELOPMENT (MULTIPLE
PROJECTS)

ECOHYDROGEOLOGIC INVESTIGATION OF
OPPORTUNISTIC AND CONSTRUCTED WETLANDS
ON SYNCRUDE’S MILDRED LAKE LEASE

IMPACT OF TAILINGS SEEPAGE WATER ON SOIL
QUALITY AND VEGETATION

MIGRATORY CONNECTIVITY PROJECT

SPECIES OF CONCERN/ALGAR MONITORING
EXPANDED ON-LEASE EMCLA/ABMI WILDLIFE
MONITORING

EVALUATING THE SUCCESS OF FEN CREATION
AURORA CAPPING STUDY: EVALUATION AND
MODELLING OF SOIL WATER DYNAMICS TO
DETERMINE LAND CAPABILITY OF COARSE
TEXTURED, HYDROCARBON AFFECTED,
RECLAMATION SOILS
AURORA CAPPING STUDY: ROOTS OF SUCCESSION:
RELATIONS AMONG PLANTS, SOILS AND
MYCORRHIZAL FUNGI IN A RECLAIMED SITE
WAPISIW WETLAND EARLY ECOLOGICAL
SUCCESSION MONITORING
NUTRIENT BIOCHEMISTRY 2: TRACKING NUTRIENT
FLUXES THROUGH RECONSTRUCTED SOILS
FEN WETLANDS RECONSTRUCTION
AURORA NORTH LEAN OIL SAND WATERSHED
HYDROLOGY/HYDROGEOLOGY RESEARCH
PROGRAM
DEVELOPING A FUNCTIONAL APPROACH TO
ASSESSMENT OF EQUIVALENT CAPABILITY:
UTILIZING ECOSYSTEM WATER, CARBON AND
NUTRIENT FLUXES AS INTEGRATED MEASURES OF
RECLAMATION PERFORMANCE
ESTABLISHMENT OF ERICOID MYCORRHIZAL
ASSOCIATED SHRUB SPECIES IN OIL SANDS
RECLAMATION SOILS

HORIZON LAKE FISHERIES MONITORING

PLANT COMMUNITY SUCCESSION OF OIL SANDS
RECLAMATION

EARLY SUCCESSIONAL WILDLIFE MONITORING
STUDY

SALT MIGRATION AND EXPOSURE TO PLANTS IN
RECLAMATION
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ASSESSING THE ROLE OF HABITAT IN DETERMINING
AGE AND GROWTH RELATIONSHIPS OF FISH

CONSTRUCTED WETLANDS FOR PRODUCED WATER
TREATMENT

EVALUATION OF INTEGRATING A MOLTEN
CARBONATE FUEL CELL (MCFC) WITH A SAGD
FACILITY

WILDLIFE AUTONOMOUS RECORDING UNIT
TECHNOLOGIES
BIODIVERSITY CONSERVATION CHAIRS AT THE
UNIVERSITY OF ALBERTA (DRS. BOUTIN AND
NIELSEN)

COAL WATERSHED RESEARCH PROGRAM

MOOSE CONNECTIVITY AND HABITAT USE STUDY

PEATLAND RECLAMATION MARKERS OF SUCCESS
TEST OF CHEMICAL DETERRENT FOR RAVEN
NESTING IN OIL SANDS FACILITIES

COLD LAKE TOPSOIL DEPTH EXPERIMENT

FIREBAG PAD 106 ROAD WETLAND RECLAMATION
TRIAL

FOREST FERTILIZER TRAIL IN A MILDRED LAKE
JACK PINE STAND

H38 WETLAND CARBON FLUX RESEARCH PROJECT

NSERC/SYNCRUDE INDUSTRIAL RESEARCH CHAIR
IN HYDROGEOLOGICAL CHARACTERIZATION OF OIL
SANDS MINE CLOSURE LANDFORMS
COKE WETLAND RESEARCH
MONITORING OF AVIAN PRODUCTIVITY AND
SURVIVORSHIP IN THE OIL SANDS REGION (BOREAL
MAPS)
APPLYING NATURAL ANALOGUES TO
CONSTRUCTING AND ASSESSING LONG-TERM
HYDROLOGIC RESPONSE OF OIL SANDS RECLAIMED
LANDSCAPES
REMOVING THE WELL FOOTPRINT (IFROG)
AURORA CAPPING STUDY: HYDROCARBON
DEGRADATION AND MOBILITY
BOREAL ECOLOGY RECOVERY AND ASSESSMENT
FISHERIES SUSTAINABLE HABITAT COMMITTEE:
REFINEMENT OF FISH HABITAT PRE-DISTURBANCE
MODELS
INTERIM RECLAMATION
CRITERIA TO ASSESS THE ECOLOGICAL FUNCTION
OF THE STP WETLANDS COMPLEX AND DIVERSION
CHANNEL
LEAP II
VALIDATION OF WILDLIFE EIA
ACOUSTIC WILDLIFE DATA RESEARCH AND
DEVELOPMENT
INNOVATIVE APPROACHES TO WATER WITHDRAWAL
FOR OIL SANDS EXPLORATION ACTIVITIES

GRASSY SITE RESTORATION PROJECT AT COLD
LAKE OPERATIONS
NSERC/SYNCRUDE INDUSTRIAL RESEARCH CHAIR
IN MINE CLOSURE GEOCHEMISTRY
DNA-BASED TECHNOLOGIES TO EVALUATE
SUCCESSFUL RECLAMATION
LONG-TERM PLOT NETWORK - 2016 SAMPLING
RECLAMATION SOILS INDEX OF BIOLOGICAL
INTEGRITY
RECLAMATION WETLANDS INDEX OF BIOTIC
INTEGRITY
THE GERI [GENOMICS ENHANCED RECLAMATION
INDEX] STOCKPILE PROJECT
POTENTIAL LIMITATIONS OF STOCKPILED SOILS
- A CASE STUDY
EFFECTS OF NON-SEGREGATING TAILINGS ON
GROWTH OF RECLAMATION PLANTS
WETLAND INVENTORY OF PERMANENTLY
RECLAIMED SITES AT SUNCOR OIL SANDS BASE
PLANT
LEAN OIL SANDS SOIL CAPPING SYNTHESIS AND
RISK ASSESSMENT
HABITAT EQUIVALENCY ANALYSIS UNDERSTANDING CHANGE IN CLOSURE ECOSYSTEM
SERVICE PLANS RELATIVE TO PRE-DISTURBANCE
SOUTH LIDEA RESTORATION AREA PROJECT
EVALUATION OF AMPHIBIOUS RESTORATION
EQUIPMENT ON MUSKEG SITES

PLASMA TECHNOLOGY TO REDUCE INDUSTRIAL
OIL SANDS WASTE IN LANDFILLS
BIODIVERSITY MANAGEMENT PLANNING TOOL
IMPLEMENTATION AND STANDARDIZATION OF
ENVIRONMENTAL DATA MANAGEMENT TOOLS
COMPARISON OF OVERSTORY RESPONSE AND
ROOT DYNAMICS OF RECLAIMED SOUTH BISON
HILL (CLEARWATER OVERBURDEN) AND
REFERENCE SITES
CLUSTER PLANTING
LEAN OIL SANDS – REVIEW OF GRAVIMETRICALLY
HEAVY HYDROCARBONS IN CLOSURE LANDFORMS
MINE SITE RECLAMATION
IN SITU FOOTPRINT OPTIMIZATION AND
RESTORATION
RECLAMATION SOIL STOCKPILES

EXPERIMENTAL QUANTIFICATION AND NUMERICAL
MODELING OF CREEP EFFECTS IN OIL SANDS
TAILINGS

IN-LINE DEWATERING

ENHANCED FINES BEACH CAPTURE

IN-LINE FLOCCULATION FIELD MIXING TEST
PLATFORM

SUPPRESSION OF FINES RE-SUSPENSION IN
AQUEOUS DEPOSITION OF TAILINGS

LABORATORY INVESTIGATION OF TRANSPORT,
SEGREGATION AND DEPOSITION OF TAILINGS
SOLVENT RECOVERY UNIT TAILINGS IN SUBAERIAL
BEACH ENVIRONMENTS

MATURE FINE TAILINGS DEWATERING
DEPLOYMENT - KEY DOCUMENTS

2016 CENTRIFUGED FLUID FINE TAILINGS SAND
CAPPING PROJECT

NON-SEGREGATING TAILINGS DEPLOYMENT

MUSKEG MITIGATION

CARLETON UNIVERSITY NSERC COLLABORATIVE
RESEARCH DEVELOPMENT GRANT WITH PAUL
SIMMS

NON-SEGREGATING TAILINGS DEPOSITION
MONITORING

ON-LINE/AT-LINE RHEOLOGY MONITOR
TECHNOLOGY LITERATURE REVIEW

SEEPAGE-INDUCED CONSOLIDATION TESTING OF
FLOCCULATED MATURE FINE TAILINGS

PSI 500I INSTRUMENT EVALUATION

SLURRY TO SOIL RESEARCH

PILOT SCALE TEST PROGRAM OF NONSEGREGATING TAILINGS ENHANCEMENT

OPTIMIZING THE USAGE OF TUBIFEX

FRONTIER TAILING SETTLING PROJECT (PHASE 1)

RHEOLOGY MODIFIER

IN SITU REAL TIME MEASUREMENT OF SOLIDS
CONTENT

THICKENER OPERATION OPTIMIZATION

SPIKED NST DEPOSITION MONITORING

DEEP DEPOSIT FILLING, MONITORING AND
MODELLING

FORCED CONVECTION AND GEOTHERMAL HEAT FOR
ENHANCED EVAPORATION OF TAILINGS

TAILINGS SURVEILLANCE TECHNOLOGIES

FROTH TREATMENT TAILINGS REMEDIATION
OPTIONS

MICROBIOLOGICAL AND VEGETATION FOR TAILINGS
MANAGEMENT

STRUCTURE AND SURFACE CHEMISTRY OF
POLYMER -TREATED MATURE FINE TAILINGS
DEVELOPMENT OF RAPID SCREENING METHOD FOR
MATURE FINE TAILINGS
POTENTIAL APPLICATION OF VOLUTE SCREW PRESS

78
NSERC/COSIA UNIVERSITY OF ALBERTA
INDUSTRIAL RESEARCH CHAIR, OIL SAND TAILINGS
GEOTECHNIQUE
INSTITUTE FOR OIL SANDS INNOVATION
RESEARCH WORKING GROUP RFP
POLYMER TESTING
DEVELOPMENT OF STANDARDIZED METHOD FOR
FINES MEASUREMENT

PLANNING AND DESIGN OF DEEP COHESIVE
TAILINGS DEPOSIT REPORT
ENHANCING PREDICTION OF DEPOSITIONAL FLOW
AND SEGREGATION OF NON-NEWTONIAN SLURRIED
TAILINGS (PHASES 2 AND 3)
FINES MANAGEMENT STUDY (NORWEST VIRTUAL
MINE FULL LIFECYCLE COSTS)

CONNECTING MICROSTRUCTURE AND RHEOLOGY
FOR ENHANCED OIL SANDS TAILINGS RECLAMATION

EVAPORATOR WASTE MANAGEMENT

ONLINE TIC ALKALINITY ANALYZER

ENGINEERED TAILINGS RESEARCH

ARTIFICIAL INTELLIGENCE-DRIVEN MULTI-MODAL
SPECTROSCOPY FOR PROCESS CONTROL (PHASE 1)

PASS DEMONSTRATION LAKE

SOUTHERN ATHABASCA OIL SANDS REGIONAL
GEOCHEMICAL ISOTOPE STUDY
UNIVERSITY OF ALBERTA HIGH TEMPERATURE
MEMBRANE MATERIALS FOR SAGD (PHASE 2)
ACCELERATOR PROGRAM

CLAY REMOVAL FROM FLUID FINE TAILINGS

FLUID FINE TAILINGS IN SITU DEWATERING

LAMINAR TESTING OF SLURRIES
FBRM MONITORING OF MATURE FINE TAILINGS
FLOCCULATION
ALTERNATIVE POLYMERS FOR MATURE FINE
TAILINGS DRYING
DEEP DEPOSIT MODELLING AFD TEST CELLS
TAILINGS CONSOLIDATION CASING
EXPERIMENTAL PROJECT PILOT

REVIEW OF EMERGING DESALINIZATION
TECHNOLOGIES
SUPPORT STUDIES (E.G. BIOACCUMULATION) FOR
OIL SANDS PROCESS WATER RETURN

UNDERSTANDING SAGD PROCESS WATER ORGANIC
CHEMISTRY
MUSKEG AND OVERBURDEN DEWATERING
EFFECTIVENESS STUDIES

DEVELOPMENT OF WATER MODULES

ARSENIC MOBILITY INVESTIGATION FOR PAD Z8

METALS VS MINERALS

TARGET LIPID MODEL FOR ACID EXTRACTABLE
ORGANICS (PHASE 2)

OLI MODEL FOR LIME SOFTENING OPERATION

3M GEOCOLUMNS

CERAMIC MEMBRANE DE-RISKING PILOT

ENVIRONMENTAL EFFECTS MONITORING PROGRAM
DEVELOPMENT
HIGH TEMPERATURE PRODUCED WATER TESTING
FACILITY

WATER AND ENERGY RECOVERY FROM FLUE GAS
(PHASE 2)
LITERATURE REVIEW AND EVALUATION OF
CHLORIDE WATER GUIDELINES FOR WATER RETURN
ARTIFICIAL INTELLIGENCE EXECUTIVE BRIEFING
ARM MODEL COMPARISON (TO EFDC)
CULTIVATING THE UNCULTIVATE-ABLES
- DESIGN STAGE
IMPLEMENTATION AND STANDARDIZATION OF
ENVIRONMENTAL DATA MANAGEMENT TOOLS

LAB-SCALE ONCE THROUGH STEAM GENERATOR

NSERC COLLABORATIVE RESEARCH DEVELOPMENT
GRANT, IN SITU STEAM GENERATION TECHNICAL
OPERATING ENVELOPE

TREATMENT WETLAND FIELD PILOT PRE-WORK
PROCESS ANALYSIS AND AUTOMATION

FUNDAMENTALS OF SAGD CHEMICALS

EVALUATION OF PASSIVE SOLAR PHOTOCATALYTIC
TREATMENT OF OIL SANDS PROCESS WATER

CULTIVATING THE UNCULTIVATE-ABLES (PHASE
2) – DOWNSCALING

WATER TECHNOLOGY DEVELOPMENT CENTRE

ADDITIONAL NAPHTHENIC ACID STUDIES BIOACCUMULATION AND PERSISTENCE

ONCE THROUGH STEAM GENERATOR STEAM
QUALITY MEASUREMENT AND CONTROL

ARTIFICIAL INTELLIGENCE SCOPING (PHASE 2)

K40 EVALUATION FOR INSTRUMENTATION
& CONTROL

COSIA/NSERC INDUSTRIAL RESEARCH CHAIR, OIL
SANDS PROCESS WATER ORGANICS TREATMENT
BEST PRACTICES - MINING

FTT SAMPLING AND ANALYSIS

MFTD RESEARCH

THERMAL PHYSICAL PROCESSES ASSOCIATED
WITH THERMALLY-MOBILIZED CONSTITUENTS

HYSYS OLI FLOWSHEET DEVELOPMENT

ACCELERATED DEWATERING AND DEPOSIT
MONITORING

CO-MIXING OF FFT AND OVERBURDEN

MATURE FINE TAILINGS FLOCCULANT EVALUATION

DEMONSTRATION PIT LAKES

NATURAL AND ANTHROPOGENIC INPUTS TO THE
ATHABASCA RIVER

IN SITU WATER BEST PRACTICES

FFT INLINE FLOCCULATION AND CO-DEPOSITION

NSERC/COSIA UNIVERSITY OF ALBERTA
INDUSTRIAL RESEARCH CHAIR, OIL SAND TAILINGS
GEOTECHNIQUE

DEVONIAN AQUIFER

77

TAILINGS TECHNOLOGY IMPLEMENTATION (TTI)

MATURE FINE TAILINGS POLYMER INJECTOR
RE-DESIGN

DEEP COHESIVE DEPOSIT MODELING

METHYLENE BLUE INDEX - CLAYS IN OIL SANDS

MEASURING METHYLENE BLUE INDEX OF
FLOCCULATED MATERIAL

IN LINE FLOCCULATION/INSTRUMENTATION
CONTROL SUPPORT WORK AND FIELD PILOTS

THICKENED TAILINGS, RE-FLOCCULATION,
TRANSPORTATION AND DEPOSITION TESTING

A RESEARCH TRAJECTORY TOWARDS IMPROVING
FINES CAPTURE PREDICTION: VERIFICATION,
APPLICATION AND IMPROVEMENT OF DELFT3DSLURRY

TAILINGS CONSOLIDATION METHODS

TAILINGS SOLVENT RECOVERY UNIT TAILINGS:
CHARACTERIZATION, CONTRIBUTION TO MATURE
FINE TAILINGS, BEACH CAPTURE AND DEPOSITION

MEASURING CO2 AT INLET TO ETF

FLOCCULANT SCREENING FOR THICKENED TAILINGS

SITE THICKENER/DEPOSITION PILOT

LIMITATIONS TO THE GEOTECHNICAL PROPERTIES
OF POLYMER-AMENDED MATURE FINE TAILINGS

ENHANCED BEACH FINES CAPTURE

CO-DEPOSITION

PERMANENT AQUATIC STORAGE STRUCTURE FOR
MATURE FINE TAILINGS

IMPACT OF BITUMEN ON TAILINGS CONSOLIDATION

DEVELOP A RESTRICTED FLOW CONSOLIDATION
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