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INTRODUCTION
This report summarizes progress for projects related to improving the use and management of water by the in situ
Group of Canada’s Oil Sands Innovation Alliance (COSIA) Water Environmental Priority Area (EPA). Projects included
cover the period from 2012 to 2019.
Please contact the Industry Champion identified for each research project if any additional information is needed.
The COSIA Water EPA In Situ Group participants during the period of this report were: BP Canada Energy Group ULC,
Canadian Natural Resources Limited, Cenovus Energy Inc., ConocoPhillips Canada Resources Corp., Imperial Oil
Resources Limited, Nexen Energy ULC, Statoil Canada Ltd., Suncor Energy Inc.
In 2017 Canadian Natural Resources Limited purchased the Shell Canada oil sands assets and in 2019, purchased
Devon Canada. All COSIA Water EPA projects previously led by Shell Canada and Devon Canada were transferred to
Canadian Natural Resources Limited.
Permission for non-commercial use, publication or presentation of excerpts or figures is granted, provided
appropriate attribution (as above) is cited. Commercial reproduction, in whole or in part, is not permitted.
The use of these materials by the end user is done without any affiliation with or endorsement by any COSIA
member. Reliance upon the end user’s use of these materials is at the sole risk of the end user.
This report is funded by:
•
•
•
•
•
•
•
•

Canadian Natural Resources Limited
Cenovus Energy Inc.
ConocoPhillips Canada Resources Corp.
Husky Oil Operations Limited
Imperial Oil Resources Limited
Suncor Energy Inc.
Syncrude Canada Ltd.
Teck Resources Limited

June 2020
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BEST PRACTICES
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Best Practices
COSIA Project Number: WE0002
Research Provider: None
Industry Champion: ConocoPhillips Canada Resources Corp.
Industry Collaborators: BP Canada Energy Group ULC, Canadian Natural Resources Limited, Cenovus Energy Inc.,
Imperial Oil Resources Limited, Nexen Energy ULC, Suncor Energy Inc.
Status: Ongoing

PROJECT SUMMARY
Implementing new water technology or initiatives can be challenging for individual in situ oil sands operators, both
economically and operationally. The In Situ Water Best Practices Working Group brings companies together to share
best practices and adopt and improve technologies that further operational and environmental performance
advancements.
The In Situ Water Best Practices Working Group’s” goal is to increase the pace of implementing best practices
concerning the water-related environmental performance of in situ operations. By sharing knowledge and data
openly, participating companies can assess issues and opportunities associated with existing operations along with
new technologies or initiatives, and even reduce costs.
Each year, the group identifies common problems faced by the in situ operations of member companies. The
companies then work together to assess these issues and find solutions by sharing data and information on how
each company manages these issues at their facility/facilities and offering support to each other on how to address
these concerns.
By working together, participating member companies have been able to leverage operational experience across
the industry to troubleshoot issues immediately, increase steam generation performance, and create more reliable
water plant operations.

PROGRESS AND ACHIEVEMENTS
Through the Best Practices work at COSIA over the past seven years, over 200 employees from the member
companies have been provided with a forum to network and discuss sector-specific areas of concern to improve
operations. The Best Practices group has evolved into several working groups where subject matter experts from all
the member companies can collaborate to resolve issues. The current Working Groups include Asset Integrity,
Turnaround, Inlet Separation and Deoiling, Water Treatment, Steam Generation, Waste Management, Process
Controls, and Process Monitoring.
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LESSONS LEARNED
Open collaboration allowed, participating members of the In Situ Water Best Practices Working Group can identify
solutions to environmental challenges more quickly and apply operational and/or technology improvements at
existing facilities.
Examples of company initiatives that were shared within the Best Practices Working Group and improved
environmental performance include:
•

increased steam quality to deliver more steam while decreasing greenhouse gas intensity;

•

improved evaporator cleaning to increasing heat-transfer efficiency for reduced energy use;

•

improved slop oil treatment to minimize the amount of waste trucked off-site; and

•

operational lessons learned as related to brackish water treatment for improved performance.

PRESENTATIONS AND PUBLICATIONS
No public presentations or publications.

RESEARCH TEAM AND COLLABORATORS
The research was conducted by internal COSIA members only and no external research bodies were enlisted.
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PROCESS CHEMISTRY AND SIMULATION
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Organics Characterization and Fouling
COSIA Project Number: WJ0011, WJ0098
Research Provider: University of Calgary, Aphorist
Industry Champion: ConocoPhillips Canada Resources Corp.
Industry Collaborators: ConocoPhillips Canada Resources Corp, Husky Energy Inc., Statoil Canada, Suncor Energy
Inc.
Status: Year 7 of 7

PROJECT SUMMARY
Produced water from steam-assisted gravity drainage (SAGD) operations is a highly complex mixture of Inorganic
and organic chemicals present in both the dissolved and separate (suspended) phases. Some organic chemicals in
the produced water are problematic for the industry as they tend to precipitate and foul produced water coolers
and once-through steam generators (OTSG). However, identification of the chemicals causing issues has been
challenging to date as no single analytical technique can provide quantitative information on every chemical
compound present in a sample. If the problematic organic compounds could be identified, a targeted treatment
program could be put in place to reduce or eliminate equipment fouling.
Two phases of work were undertaken to identify the organic compounds present in SAGD water with a focus on
OTSG tube fouling. Phase 1 of the project used several different analytical techniques to quantify the composition
of the dissolved organics within the produced water from several areas within SAGD facilities to identify compounds
of concern through a screening process. Phase 2 of the project focused on specific experiments targeted to identify
“bad actor” dissolved organics. The Phase 2 experiments were chosen based on the findings from the first phase to
understand the effects on the organic compounds under different experimental conditions. These experiments
included data collection on the type and concentration of dissolved organic material at elevated temperatures,
addition of magnesium, comparison with California Produced Water, comparison of “low fouling” to “high fouling”
boiler feedwater, and the effects of upstream oil/water separation chemistry on the dissolved organic compounds
in the produced water.

PROGRESS AND ACHIEVEMENTS
The primary results from each phase of work are described below.
Phase 1: screening process
• SAGD produced water contains over 100 different classes of dissolved organic material, representing
thousands of individual compounds.
• Geography and geology have a significant effect on the amount and type of dissolved organics present in
the Produced Water.
• The organic profile of OTSG boiler blowdown water is different than that of produced water and boiler
feedwater suggesting that the organic compounds in the boiler feedwater transform at elevated
temperatures.
COSIA WATER EPA –2019 IN SITU WATER RESEARCH REPORT
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•
•
•
•
•

The most abundant compound classes for all water samples were Ox classes (x=1 to 9). The NOx (x=1-8) and
SOx class (x=1-7) were also significant.
Potentially OxS, and OxS2 compounds are the most prone to precipitating out of solution to cause equipment
fouling.
Relatively large organic acids (60-500 Da) make up 20-25% of the dissolved organic carbon content. These
acids included naphthenic acids as well as larger humic-like acids.
Phenol and alkylated phenolic derivatives were present as a major component in all samples. Other major
fractions include aliphatic hydrocarbons, aromatics, and other O-containing heteroatom species.
Organosulfur compounds (primarily thiophenes) are present, but they do not make up a large portion of
the organic content fingerprint.

Phase 2: targeted experiments
• Comparisons of produced water from Alberta with produced waters from California showed:
o An absence of BOx, OxS2, and NOxS in California produced water.
o California samples had lower double bond equivalent (DBE) and lower carbon number compared
to Alberta samples (i.e. California compounds were simpler)
o Comparisons of boiler feedwater samples with and without impacts to boilers suggest that possible
compound classes affecting performance of boilers are OxS and C17H26Ox
• The upstream emulsion breaker and reverse emulsion breaker (EB/REB) oil isolation treatments had
negligible effect on the organic compounds in the produced water.
• The organic compound chemical profile changes when the produced water is exposed to high
temperatures.

LESSONS LEARNED
The first phase of work improved our understanding of the dissolved organic compounds present in produced SAGD
water and boiler feed water, how these compounds change through the Swater treatment plant, and how the
compounds differ from site to site. Overall, the organic profile proved to be much more complex than initially
anticipated and underscored the opportunity for a targeted organics treatment program, potentially for OxS, and
OxS2 compounds.
The second phase of work improved our understanding of produced water from Alberta Oil Sands relative to
produced waters from California, the impacts of upstream chemistry (EB/REB), and chemical changes that occur in
produced water at high temperatures. This understanding has the potential to mitigate fouling to lower downtime
and chemical usage.
Future work would use analytical techniques like electrospray ionisation mass spectrometry (ESI-p) to identify the
polymers present in the California and Alberta produced water samples, this could provide further insight into the
performance difference observed between the samples.

PRESENTATIONS AND PUBLICATIONS
Publications
Chen, W., Westerhoff, P., Leenheer, J.A., and Booksh, K. (2003). Fluorescence Excitation-Emmission Matrix Regional
Integration to Quantify Spectra for Dissolved Organic Matter. Environ. Sci. Technol. 37: 5701-5710.
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Desch, P.B. (2010). Characterization of Deposition and Metallurgical Degradation in OTSG Overheating Failures.
International Water Conference IWC-10-51.
Dahm, K.G., Van Straaten, C.M., Munakata-Marr, J., and Drewes, J.E. (2012). Identifying Well Contamination through
the use of 3-D Fluorescence Spectroscopy to Classify Coalbed Methane Produced Water. Environ. Sci. Technol. 47:
649-656.
Edzwald, J.K. and Tobiason, J.E. (2011). Chapter 3: Chemical Principles, Source Water Composition and Watershed
Protection, in Water Quality and Treatment 6th edition. American Waterworks Association, Denver CO. pp 3.59.
Heaton, P., Lynn Lord, H., Hay, J. (2014). Thermal Water Chemical Analysis. Presented at the 2014 World Heavy Oil
Congress, New Orleans, LA. WHOC14-152.
Jennings, D.W.; Shaikh, A. (2007) Heat-Exchanger Deposition in an Inverted Steam-Assisted Gravity Drainage
Operation. Part 1. Inorganic and Organic Analyses of Deposit Samples. Energy & Fuels, 21, 176–184.
Kawaguchi, H., Zhengguo, L., Masuda, Y., Sato, K., and Nakagawa, H. (2012). Dissolved organic compounds in reused
process water for steam-assisted gravity drainage oil sands extraction. Water Research, 46: 5566-5574.
Ku, A.Y., Henderson, C. S., Petersen, M.A., Pernitsky, D.J., and Sun, A.Q. (2012). “Aging of Water From Steam-Assisted
Gravity Drainage (SAGD) Operations Due to Air Exposure and Effects on Ceramic Membrane Filtration”. Industrial
and Engineering Chemical Research, 2012, 51 (21), pp 7170-7176.
Lewis, A.T., Tekavec, T. N. Jarvis, J. M., Juyal, P., McKenna, A.M., Yen, A.T., Rodgers, R.P. (2013). Evaluation of the
Extraction Method and Characterization of Water-Soluble Organics from Produced Water by Fourier Transform Ion
Cyclotron Resonance Mass Spectroscopy. Energy and Fuels 27: 1846-1855,
Lingbo, L., Song, Y., Congbi, H., Guangbo, S. (2005). Comprehensive characterization of oil refinery effluent-derived
humic substances using various spectroscopic approaches. Chemosphere 60: 467-476.
Maiti, A., Sadrezadeh, M., Thakurta, S.G., Pernitsky, D.J., and Bhattacharjee, S. (2012). Characterization of Boiler
Blowdown Water from Steam-Assisted Gravity Drainage and Silica−Organic Coprecipitation during Acidification and
Ultrafiltration. Energy Fuels 26: 5604-5612.
Majid, A. and Ripmeester, J. A. (1990). Isolation and characterization of humic acids from Alberta oil sands and
related materials. Fuel 69:1527-1536.
Masliyah, J.H., Czarnecki, J., and Xu, Z. (2011). “Handbook on Theory and Practice of Bitumen Recovery from
Athabasca Oilsands, volume 1: Theoretical Basis”. Kingsley Knowledge Publishing.
Oldenburg, T.B.P., Brown, M., Bennett, B., and Larter, S.R.. (2014). The impact of thermal maturity level on the
composition of crude oils, assessed using ultra-high resolution mass spectrometry. Organic Geochemistry 75:151168.
Ou, H., Wei, C., Mo, C., Wu, H., Ren, Y., Feng, C. (2014). Novel insights into anoxic/aerobic1/aerobic2 biological
fluidized-bed system for coke wastewater treatment by fluorescence excitation-emmision matrix spectra coupled
with parallel factor analysis. Chemosphere 113: 158-164.
Pereira, A.S., Bhattacharjee, S., Martin, J.W. (2013) Characterization of Oil Sands Process-Affected Waters by Liquid
Chromatography Orbitrap Mass Spectrometry. Environmental Science and Technology 47:5504-5513.
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Petersen, M.A., Henderson, C.S., Ku, A.Y., Sun, A.Q., Pernitsky, D.J. (2015). “Oil Sands SAGD Process Water Sample
Aging during Long-Term Storage”. Energy and Fuels.29(3): 2034-2041.
Petersen, M. A. and Grade, H. (2011). Analysis of Steam Assisted Gravity Drainage Produced Water Using TwoDimensional Gas Chromatography with Time-of-Flight Mass Spectrometry. Industrial & Engineering Chemistry
Research, 50, 12217–12224.
Schaub, T. M.; Jennings, D. W.; Kim, S.; Rodgers, R. P.; Marshall, A. G. (2007). Heat-Exchanger Deposits in an Inverted
Steam-Assisted Gravity Drainage Operation. Part 2. Organic Acid Analysis by Electrospray Ionization Fourier
Transform Ion Cyclotron Resonance Mass Spectrometry. Energy & Fuels, 21, 185–194.
Smith, D.F., Schaub, T.M., Kim, S., Rodgers, R.P., Rahimi, P., Teclemariam, A., and Marshall, A.G. (2008).
Characterization of Acidic Species in Athabasca Bitumen and Bitumen Heavy Vacuum Gas Oil by Negative-Ion ESI FTICR MS with and without Acid-Ion Exchange Resin Prefractionation. Energy & Fuels 22:2372-2378.
Stanford, L.A., Kim, S., Klein, G.C., Smith, D.F., Rodgers, R.P., Marshall, A.G. (2007). Identification of Water-Soluble
Heavy Crude Oil Organic-Acids, Bases, and Neutrals by Electrospray Ionization and Field Desorption Ionization
Fourier Transform Ion Cyclotron Resonance Mass Spectroscopy. Environmental Science and Technology 41:8:26962702.
Thakurta, S.G., Maiti, A., Pernitsky, D.J., and Bhattacharjee, S. (2013). Dissolved Organic Matter in Steam Assisted
Gravity Drainage Boiler Blow-Down Water. Energy Fuels 27(7): 3883-3890.
Wu, J., Xie, C., Cao, Z., Sun, Y., Xiang, X., and Dai, C. (2012). Fluorescence fingerprint properties of refinery
wastewater. Guang Pu Xue Yu Guang Pu Fen Xi/Spectroscopy and Spectral Analysis, v 32, n 2, p 415-419
Xu, R., Ou, H., Yu, X., He, R., Lin, C., and Wei, C. (2015). Spectroscopic characterization of dissolved organic matter in
coking wastewater during bio-treatment: full-scale plant study. Water Science and Technology 72.8: 1411-1420.

RESEARCH TEAM AND COLLABORATORS
Institution(s): University of Calgary, Aphorist, General Electric Global Research Centre, University of Alberta,
University of Arizona, Florida State University
Principal Investigator(s):

Name

Institution or Company

Degree
or Job Title

Dr. Shane Snyder

University of Arizona

Professor

Dr. Lewis

Florida State University

Professor

Dr. Thomas Oldenburg

Aphorist/University of
Calgary

Professor

Matt Petersen

General Electric Global
Research Center

Engineer

Dr. Pereira

University of Alberta

Professor
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InsituSIM – Water Module Development
COSIA Project Number: WE0056
Research Provider: Process Ecology
Industry Champion: COSIA
Industry Collaborators: Canadian Natural Resources Limited, Imperial Oil Resources Limited, Syncrude Canada Ltd.,
Teck Resources Limited, Total E&P Canada Inc., BP Canada Energy Group ULC, ConocoPhillips Canada Resources
Corp., Nexen Energy ULC, Statoil Canada, Suncor Energy
Status: Completed

PROJECT SUMMARY
Central processing facilities (CPFs) at in situ operations gather bitumen from wellheads and remove water, and sand.
CPFs are sophisticated facilities and include a host of equipment such as steam generators and water treatment
technologies that must work as an integrated unit. The addition of new technologies is often desirable but may have
complex effects on long-term operating costs, greenhouse gas emissions, and other factors.
InsituSIM was developed by Process Ecology for Canada’s Oil Sands Innovation Alliance (COSIA) as a web-based
software tool that can be used by technology innovators to simulate SAGD central processing facilities. It allows the
user to add technologies to the facility and change operating conditions to explore and compare alternative facility
configurations (i.e., with and without technologies and operating conditions). The InsituSIM reports on Greenhouse
Gas (GHG) emissions reductions, water use efficiency (including considerations under the Alberta Energy Regulator
Directive 081: Water Disposal Limits and Reporting Requirements for Thermal In Situ Oil Sands Schemes) and
economic impacts of alternative water treatment technologies. The software tool has an intuitive graphical user
interface and, with its simple reports, can be used to quickly evaluate several facility configurations in place of
expensive and time-consuming modelling exercises.

PROGRESS AND ACHIEVEMENTS
This project was completed in 2015. The software can be accessed at www.InSituSIM.com.
Examples of software features include:
•
•
•
•

Water treatment technologies (Lime Softening, Evaporator, Membrane, Disposal Water Treatment, and Ion
Exchange blocks)
Risk-based analysis via Monte Carlo simulation
Key Performance Indicator (KPI) Manager
Improved models for boilers and heat recovery steam generators
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LESSONS LEARNED
A simple, easy to use tool delivered via a web platform, In Situ SIM has enabled technology innovators without deep
knowledge of oil sands in situ production facilities to understand these operations and propose solutions. The tool
also allows more experienced oil sands innovators to quickly evaluate proposed solutions, which would otherwise
require more expensive and time-consuming modelling exercises.

PRESENTATIONS AND PUBLICATIONS
No public presentations or publications.

RESEARCH TEAM AND COLLABORATORS
Institution(s): Process Ecology Inc.
Principal Investigator(s): Dr. Alberto Alva

Name

Institution or Company

Alberto Alva

Process Ecology Inc.

Ahad Sarraf

Process Ecology Inc.
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Degree
Start Date
(Students Only)

Expected Degree
Completion Date
or Year Completed
(Students Only)

Principal
Lead Process
Engineer and
Software Developer
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PROCESS MONITORING
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Oil-in-Water (OIW) Analysis Method Development
COSIA Project Number: WE0019
Research Provider: Maxxam Analytics
Industry Champion: ConocoPhillips Canada Corp.
Industry Collaborators: Suncor Energy Inc.
Status: Completed

PROJECT SUMMARY
The premise of in situ oil sands operations is to inject steam downhole to heat bitumen to allow it to flow to surface.
The oil/water emulsion that flows to the surface is treated to separate the oil from water. The water is then treated
to remove trace oil and other contaminants to be reused and converted to steam to be injected downhole again.
Throughout the water treatment process, trace amounts of oil must be detected in order to ensure that high
amounts of oil do not foul water treatment equipment and steam generators, which could lead to equipment
outages and lower equipment efficiency.
While there are a wide range of methods and technologies that exist for measurement of oil in water, comparison
among methods is challenging because existing analytical techniques can provide vastly different results. The
intention of this project was to design an analytical method for measurement of OIW that could be applied industry
wide, along with the ability to compare information across the oil sands producers. The following approach was
followed in the development of standard methods for each analyte of interest:
1. Consultation with in situ producers to: identify the objectives of the test measurement; critically review
existing methods; and draft recommended protocols and circulate for stakeholder input.
2.

Develop a method that would ensure accuracy, cost-effectiveness, field approach and would utilize
preferred instrumentation.

3.

Validation to test methods to ensure validity and robustness of the data.

4.

Inter-laboratory studies to develop a broad understanding of the method and the method uncertainties.
This method would ultimately be tested in multiple labs, including producer field labs, commercial labs, and
regulators labs.

5.

Document recommended standard method to ensure method is broadly accessible and transparent.

PROGRESS AND ACHIEVEMENTS
A method was developed at Maxxam laboratories (who was recently acquired by Bureau Veritas) which uses Fouriertransform infrared spectroscopy detection to test for both free/ emulsified and dissolved oil. While the method has
not undergone testing yet, there may be advantages over existing methods, including:
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•

Differentiation of “free/ emulsified oil” from “dissolved oil” to help operators draw links between
equipment fouling and free/ emulsified and dissolved oil separately, and

•

More accurate measurement of the amount of oil in water.

LESSONS LEARNED
This work led to the development of a new method for OIW analysis. Validation of the method may take place
through testing at the Water Technology Development Centre in the future.

PRESENTATIONS AND PUBLICATIONS
Lord, H. 2016. Method Development to Optimize TPH/O&G Analysis by FTIR for Bitumen in Water. Presented at
Canada’s Oil Sands Innovation Alliance Innovation Summit, Calgary, AB, Canada.

RESEARCH TEAM AND COLLABORATORS
Institution: Maxxam Analytics

Name

Heather Lord

Institution or Company

Maxxam Analytics
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Degree
Start Date
(Students Only)

Expected Degree
Completion Date
or Year Completed
(Students Only)

Manager,
Environmental
Research and
Development
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Online Silica Analyzer Pilot
COSIA Project Number: WJ0071
Research Provider: None
Industry Champion: ConocoPhillips Canada Resources Corp.
Industry Collaborators: None
Status: Completed

PROJECT SUMMARY
Silica is a component of natural water supplies. Silica is typically 100-350 ppm in the produced water and is prone to
forming precipitates when this water is concentrated in boilers which in turn can lead to the formation of deposits
that are difficult and expensive to remove from boiler tubes. As a result, water treatment in the steam-assisted
gravity drainage (SAGD) industry focuses on reducing silica content in water before entering a boiler.
The most effective method of maintaining low silica concentrations in produced water is through external treatment.
A typical water treatment lineup includes a Warm Lime Softener (WLS), filters, and ion exchange. The silica is
precipitated in the Warm Lime Softener (WLS), and to control silica removal, samples are taken and analyzed in the
lab at least four times per day. To improve control of the WLS and relieve the lab workload, an online silica analyzer
was piloted.

PROGRESS AND ACHIEVEMENTS
Three different analyzer technologies led to the selection of the Applikon model ADI 2020. This unit was installed for
a 6-month trial in 2013 at Surmont 1 (ConocoPhillips Canada Resources Corp).
The unit was able to measure and report the silica concentration in the WLS in real-time (6-8 hours ahead of manual
grab samples), allowing operations to take corrective steps to maintain boiler feed water quality. The concentration
of silica as measured by the analyzer showed high correlation with both internal lab and external inductively coupled
plasma (ICP) data for the duration of the trial (Figure 1).
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Figure 1: Silica analyzer measurements (ppm) relative to lab silica measurements on grab samples.

LESSONS LEARNED
The results demonstrate that online silica analyzers with 30-minute auto-samplers are a feasible technology to
employ in SAGD water service. However, the technology is currently cost prohibitive to implement as the online
analyzer requires de-ionized water to be supplied to the unit.

PRESENTATIONS AND PUBLICATIONS
No public presentations or publications.

RESEARCH TEAM AND COLLABORATORS
This research was conducted by ConocoPhillips Canada only and no external research bodies were enlisted.
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Online Total Inorganic Carbon (TIC) Analyzer Trial
COSIA Project Number: WJ0089
Research Provider: None
Industry Champion: Imperial Oil Resources Limited
Industry Collaborators: None
Status: Completed

PROJECT SUMMARY
Hot Lime Softeners (HLS) are used in thermal in situ oil sands water treatment to remove hardness (calcium and
magnesium), oxygen, silica and alkalinity in water through the addition of lime (calcium hydroxide), caustic,
magnesium oxide (MgOx) and soda ash. This process helps prevent corrosion and the formation of scale in once
through steam generators (OTSG), which can prolong service life and reduce maintenance duration and frequency.
Determining the optimum dose of chemicals for the HLS requires knowledge of pH, alkalinity, hardness and silica
levels. Online measurement of pH and alkalinity can help optimize lime, caustic and soda ash dosages since HLS
effluent water hardness can be estimated if pH and alkalinity are known. While pH can be measured remotely and
in real-time (online) for in situ oil sands water treatment systems, measurement of alkalinity requires manual grab
sampling and analysis using laboratory instruments. The primary objective of this project was to identify an online
alkalinity analyzer to improve Hot Lime Softener Effluent (HLE) water quality control as well as optimize HLS chemical
usage.

PROGRESS AND ACHIEVEMENTS
The online alkalinity analyzer was commissioned in late 2016. Online analyzer data were compared with samples
taken and measured by laboratory instruments. The first month of online analyzer data correlated well with
laboratory instruments, but after one month of service, alkalinity values were 30% lower than laboratory
instruments. It was later identified that an improper chemical reagent was supplied and used in the measurement
process, which could account for the discrepancy.
After 4 months of service, the instrument failed due to automatic range selection sample valve issues. Several
corrective actions were taken to resolve instrument failure, after which a 6-month maintenance interval was
introduced. Regular maintenance prevented instrument failure for the remainder of the trial. The instrument is
operating successfully for more than 2 years.
Final stages of tests showed that the instrument’s data correlated well with laboratory instrument measurements
based on samples collected at various locations.

LESSONS LEARNED
This study led to the identification of an instrument capable of providing real time data to help operators measure
and control HLE alkalinity and, as a result, maintain favourable operating conditions.
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Key learnings from the analyzer trial include the following:
•

•
•

Maintenance of the online TIC alkalinity analyzer should be scheduled every 6 months to ensure its
continued operation. Continual engagement with the manufacturer may help reduce maintenance
turnaround time.
The online TIC alkalinity analyzer measurements are consistent with laboratory analyzer results.
The online TIC alkalinity analyzer data can be used to determine the chemical dosages required to maintain
favourable operational conditions.

PRESENTATIONS AND PUBLICATIONS
Kabir, M.F., Laforce, M., Rhyason, D., Bekele, A. 2018, Online HACH Biotechtor analyzer trial performance for Total
Inorganic Carbon (TIC) alkalinity measurement to optimize hot lime softening, presented at Canada’s Oil Sands
Innovation Alliance (COSIA) Innovation Summit, June 7-8, Calgary, AB, Canada.

RESEARCH TEAM AND COLLABORATORS
This work was completed by Imperial Oil Resources Limited and no external research bodies were enlisted.
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Online Oil-in-Water (OIW) Analyzer Trial
COSIA Project Number: WJ0138
Research Provider: None
Industry Champion: Imperial Oil Resources Limited
Industry Collaborators: None
Status: Completed

PROJECT SUMMARY
As steam is used to produce oil in Cyclic steam stimulation (CSS) and Steam Assisted Gravity Drainage (SAGD) process,
water and oil mixture is produced from the reservoirs. In the surface facilities, oil is separated from produced water
using treaters/Knock-out drums and the separated produced water containing residual oil is recycled by water
treatment processes. The oil-water mixture must be treated (de-oiled) prior to entry into hot lime softeners and
other water treatment equipment as the oil can cause filter media and resin fouling as well as sending residual oil
into steam generators leading to expensive maintenance and repairs.
Online OIW analyzers are used to provide real-time monitoring of oil in water without the need to sample water
manually. Despite the success of OIW analyzers in conventional oil production facilities, the application of OIW
analyzers for in situ operations has not been fully investigated.
This study trialed an OIW analyzer to evaluate the effectiveness of monitoring OIW in the Induced Gas Floatation
(IGF) outlet at one of Imperial’s Cold Lake Operations plants. The Canty OIW analyzer was selected for testing based
on previous surveys of analyzers conducted by COSIA and is commonly used in conventional oil production facilities.

PROGRESS AND ACHIEVEMENTS
The Canty OIW analyzer was installed in a portable skid. A portion of the IGF outlet stream was pumped through the
skid via the OIW analyzer. The Canty OIW analyzer uses a high intensity light source and a microscopic camera to
assess the oil in water content. The camera uses a glass window to capture images of fluid flowing through the
analyzer. Image processing software is then used to estimate oil droplet concentrations based on captured images
by the camera.
Tests were conducted over three days and the analyzer data were compared to data measured by laboratory
equipment. The main observations were as follows:
• A film of bitumen formed on the analyzer window very quickly (Figure 1). Light intensity and threshold
adjustments were necessary every 30 min to compensate dark images that could no longer be quantified
by the analyzer software.
• Manually cleaning the cell with Toluene was required after 12 to 18 hours of operation. Soaking and flushing
the cell with Toluene or Cisol (solvent) were ineffective cleaning agents.
• Analyzer measurements closely matched laboratory results when the analyzer window was clean.
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Figure 1 Clean window (left) and fouled window (right) after 18 h of operation

LESSONS LEARNED
The Canty technology is not a good candidate for online OIW monitoring for the IGF outlet at Cold Lake Operations.
Self-cleaning monitoring devices would be required to measure OIW as bitumen quickly fouls the equipment, which
prohibits analyzer operation (Figure 1). Any device without self-cleaning would have similar limitations. An
ultraviolet fluorescence technology with an ultrasonic self -cleaning device has been identified for future testing.

PRESENTATIONS AND PUBLICATIONS
No public presentations or publications.

RESEARCH TEAM AND COLLABORATORS
This work was completed by Imperial Oil Resources Limited and no external research bodies were enlisted.
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REGIONAL WATER PROJECTS
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Regional Groundwater Solutions Groundwater Modelling Study
COSIA Project Number: WE0007
Research Provider: None
Industry Champion: Canadian Natural Resources Limited
Industry Collaborators: Matrix Solutions Inc. and Advisian WorleyParsons Group
Status: Completed

PROJECT SUMMARY
In 2013, Canada’s Oil Sands Innovation Alliance (COSIA) initiated the Regional Groundwater Solutions (RGS) project.
The project focussed on evaluating the effects of aquifer pressure changes resulting from groundwater withdrawals
and disposal associated with existing and future in situ bitumen production within the Southern Athabasca Oil Sands
(SAOS) region. The evaluation was regional in scope and addressed potential cumulative effects related to oil sands
development. The RGS project involved the generation of a regional-scale numerical groundwater flow model, which
incorporated SAOS area hydrostratigraphy and hydraulic properties. The study utilized historical operator water use
and disposal data and future water use projections to evaluate potential effects from a range of development
scenarios. The objectives of the RGS project were to:
• establish a baseline groundwater resource availability;
•

evaluate realistic water source and disposal forecasts for future oil sands development within the SAOS;
and

•

provide COSIA members with a regional groundwater risk assessment and management tool.

PROGRESS AND ACHIEVEMENTS
A groundwater flow model of the SAOS area that was originally developed for the Government of Alberta (GoA) by
WorleyParsons Canada Services Ltd. (2010; currently Advisian WorleyParsons Group) was selected as a starting point
for the study. COSIA obtained permission from the GoA to use and update the SAOS model in 2013, with the intent
of returning the updated model to the GoA so that a common platform could be shared between both groups.
In 2013, the RGS project group commissioned WorleyParsons to update the SAOS model using a recent
comprehensive data set provided by industry participants. The finite element model covers the SAOS region, an area
of 35,275 km2. The mesh was discretized using 64,701 nodes per slice and a node spacing that varied from 10 to
1,500 m. The model hydrostratigraphic units were discretized into 26 layers, which resulted in a model with a total
of 1,746,927 nodes. In 2015, Dr. Carl Mendoza and Dr. Jon Paul Jones were commissioned to undertake an
independent review of the updated model. In 2016, following a request from COSIA, Matrix Solutions Inc. completed
the study employing automated coupled steady-state and transient calibration and cloud computing while
addressing several of the key recommendations from the independent review.
A comprehensive industry data set, including 933 steady-state calibration target locations with up to 13 years of
transient water level data resulting in 21,782 hydraulic head calibration targets, was considered during the
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calibration process. The model’s ability to reproduce historical water levels was evaluated using quantitative and
qualitative performance measures. The calibrated model was thought to accurately reflect the regional distribution
of measured steady-state water levels and regional trends in the transient calibration data set, and the water budget
was consistent with the conceptual hydrogeological model of the region. The final model was considered to be a
robust tool for the assessment of future effects of groundwater source and disposal in the region.
The model was then used to run three water forecast scenarios developed by the RGS group reflecting future in situ
oil sands production growth uncertainty (Status Quo, Medium Growth, and High Growth) within the Empress
Channel, Lower Grand Rapids, Clearwater A, Clearwater B, and Basal McMurray Sand aquifers over a 62-year
simulation period. The quantification of the uncertainty of the predictive simulations used the Null Space Monte
Carlo (NSMC) methodology to assess the effects of the model’s calibrated parameters on the Medium Growth
scenario. Three hundred realizations with independent parameter sets were used in this effort, so that the
distribution of outcomes informed the variability in the predicted results.
In 2017, the updated model was returned to the GoA. From 2017 to 2019, project results were communicated at
various conferences in North America.

LESSONS LEARNED
Results from all three predictive scenarios showed that available head decreases were not significant, with
drawdown of more than 50% occurring in less than one percent of the study area and in close vicinity to specific
source wells. Operational compliance with existing regulations in Alberta will preclude reductions in available head
greater than 50% for non-saline aquifers. Study results indicate groundwater source and disposal are sustainable
even under the High Growth scenario, which was forecasted to be three times greater than non-saline water use
recorded for the region in 2018.
The quantification of uncertainty on the model hydrogeologic parameters was performed using the NSMC
methodology to evaluate the 95% confidence interval in predicted changes in water levels from the Medium Growth
scenario. Results from this assessment suggested that the uncertainty in water use forecasts for the SAOS region
provided greater uncertainty in the prediction of potential future cumulative effects than the uncertainty related to
model hydrogeological parameters.

PRESENTATIONS AND PUBLICATIONS
Conference Presentations
Boutin L.C., Godwaldt C. Long Term Water Management in Alberta’s Southern Athabasca Oil Sands Region – Using
Modelling Tools to Evaluate Sustainability. Abstract and presentation. GAC-MAC-IAH Congress. Calgary, Alberta, Canada.
December 2019.
Boutin L.C., Brewster M. Long Term Water Management in Alberta’s Southern Athabasca Oil Sands Region – Using
Modelling Tools to Evaluate Sustainability. Abstract and presentation. GAC-MAC-IAH Congress. Quebec City, Quebec,
Canada. May 2019.
Boutin L.C., Brewster M. Long Term Water Management in Alberta’s Southern Athabasca Oil Sands Region – Using
Modelling Tools to Evaluate Sustainability. Abstract and presentation. International Congress on Environmental
Modelling and Software Society. Fort Collins, Colorado, United States. May 2018.
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Boutin L.C., Brewster M. COSIA Regional Groundwater Solutions Project for the Southern Athabasca Oil Sands –
Predictive Simulations on Long Term Usability of Major Aquifers. Abstract and presentation. CSPG geoconvention
Congress. Calgary, Alberta, Canada. May 2018.
Simms R., Brewster M. COSIA Regional Groundwater Solutions Project for the Southern Athabasca Oil Sands –
Predictive Simulations on Long Term Usability of Major Aquifers. Abstract and presentation. Geoscience Research
Exchange – University of Calgary. Calgary, Alberta, Canada. April 2018.
Boutin L.C., Claprood M., MacMillan G., Brewster M., Walter A. Canada’s Oil Sands Innovation Alliance Regional
Groundwater Solutions Project for the Southern Athabasca Oil Sands – Spatial Visualization of a Global Transient Misfit
Quality. Abstract and presentation. MODFLOW and More Congress. Golden, Colorado, United States. May 2017
Boutin L.C., Brewster M. COSIA Regional Groundwater Solutions Project for the Southern Athabasca Oil Sands – Evolution
of A Numerical Model. Abstract and presentation. IAH - Characterizing Regional Groundwater Flow Systems Symposium.
Calgary, Alberta, Canada. May 2017.
Boutin L.C. COSIA Regional Groundwater Solutions Project for the Southern Athabasca Oil Sands – Evolution of A
Numerical Model. Abstract and presentation. CSPG geoconvention Congress. Calgary, Alberta, Canada. May 2017.

Reports and Other Publications
Matrix Solutions Inc. 2017. Predictive Simulations Using the 3D Southern Athabasca Oil Sands Groundwater Flow Model
Regional Groundwater Solutions Project. Report prepared for Canada’s Oil Sands Innovation Alliance. Calgary, Alberta.
July 2017
Matrix Solutions Inc. 2016. Update Construction and Calibration of the 3D Regional Groundwater Sustainability
Groundwater Flow Model Southern Athabasca Oil Sands. Report prepared for Canada’s Oil Sands Innovation Alliance.
Calgary, Alberta. December 2016.
WorleyParsons Resources & Energy. 2010. Groundwater Flow Model for the Athabasca Oil Sands (In situ) Area South of
Fort McMurray Phase 2. Report prepared for Alberta Environment. December 17, 2010.

RESEARCH TEAM AND COLLABORATORS
Name
Louis-Charles Boutin
Jos Beckers

Institution or Company
Matrix Solutions Inc.
Advisian WorleyParsons Group

Maxime Claprood, Gordon
MacMillan, Paul Martin, Richard Matrix Solutions Inc.
Simms
Matt Webb
Advisian WorleyParsons Group
Alberta Innovates and the
Jon Paul Jones
University of Waterloo
Carl Mendoza
University of Alberta
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Hydrogeologist and Principal Investigator
Hydrogeologist and Principal investigator
Hydrogeologists
Hydrogeologist
PhD
PhD
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Southern Athabasca Oil Sands Regional Geochemical Isotope
Study
COSIA Project Number: WE0022
Research Provider: InnoTech Alberta, Integrated Sustainability Consultants Ltd.
Industry Champion: Canadian Natural Resources Limited.
Industry Collaborators: Cenovus, Conoco Philips Canada, Nexen, Statoil
Status: Completed

PROJECT SUMMARY
This project was initiated by the Hydrogeology Working Group of Canada’s Oil Sands Innovation Alliance (COSIA).
The purpose was to develop a unified database of existing geochemical and isotope data and to facilitate an
enhanced understanding of the regional groundwater circulation patterns, recharge rates, and potential connectivity
between key aquifers and existing/proposed disposal zones in the Southern Athabasca Oil Sands (SAOS) region.
InnoTech Alberta (InnoTech) and Integrated Sustainability Consultants Ltd. used data available in the public domain,
combined with data provided by SAOS operators (Canadian Natural, Cenovus, Conoco Philips Canada, Nexen, Statoil)
to develop this unified database, and provide preliminary interpretation of types of connectivity between key source
and disposal aquifers in the region. The project has led to an improved regional understanding of groundwater
resources within the SAOS area.
The data provided by COSIA member companies included a comprehensive suite of geochemical and isotopic tracers
that was used to identify sources (δ18O, δ2H) and ages of water (3H) and associated solutes (14C-DIC, 36Cl), as well as
the sources of salinity and diagenetic processes (δ13C-DIC, δ34S- SO4, 87Sr/86Sr, δ11B , δ137Cl, δ81Br ), and dissolved
organics (δ13C-DOC). The data included 293 groundwater samples from the main water source and disposal
hydrostratigraphic units. The data were compiled, evaluated for a series of QA/QC criteria, and are now available in
a unified geospatial dataset. The data were interpreted with the objectives of:
•

characterizing the geochemical composition of each of the hydrostratigraphic units;

•

applying consistent age correction models across the region so that age distributions can be compared with
the current understanding of groundwater flow and recharge; and

•

using geochemical and isotopic indicators of meteoric and glaciogenic water to identify connectivity within
key Cretaceous aquifers.

PROGRESS AND ACHIEVEMENTS
This project included compilation of groundwater geochemistry and isotope data provided by COSIA participants as
well as publicly available data for various source waters, which were both captured in the unified database. Some
sources included data for surface water and/or groundwater wells, and others included groundwater springs or
groundwater discharge areas sampled via piezometers. These data were assessed for quality and were used to
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compile piper plots and constituent cross-plots, and to develop figures to characterize ranges of geochemical and
isotopic compositions in the main hydrostratigraphic units in the Athabasca Region.
Interpretation of the new unified database of geochemistry and isotope data for the SAOS areas has helped
substantiate existing knowledge of the region’s groundwater flow systems and served to enhance the understanding
of hydrogeologic conditions in the SAOS.
The Total Dissolved Solids (TDS) and stable isotope composition (δ18O and δ2H) of Cretaceous formation
groundwaters were used to identify three main mixing patterns that may have occurred over the geological history
of each formation:
• Mixing of local groundwater with glaciogenic water: Areas with connectivity to deep, high TDS glaciogenic
formation waters yielded more negative δ18O and δ2H values, high TDS, and δ34S -SO4, 87Sr/86Sr, and δ37Cl
values consistent with dissolution of evaporites. These areas were found where vertical pathways (e.g.,
dissolution scarps, buried channels and river valleys) are present.
•

Mixing of local groundwater with saline formation water: Stagnant groundwater zones with limited lateral
and vertical connectivity were identified by high TDS and evaporatively enriched δ18O and δ2H values. These
areas were found in isolated pockets in the southern portion of the SAOS area. A combination of adjacent
upland areas and buried channels may have created flow conditions that isolate these portions of the
aquifer from the regional system.

•

Mixing of local groundwater with shallow aquifers: Areas with potential connectivity to shallow aquifers
yielded lower TDS values, modern meteoric δ18O and δ2H values, HCO3 type waters, and δ34S -SO4, 87Sr/86Sr
signatures consistent with weathering of shallow aquifer material. Areas with geochemical and isotopic
indicators suggesting greater connectivity to shallow formations were found where the Colorado Group
aquitard is thin or absent.

The thickness of the Colorado Group cover and occurrence of salt dissolution, leading to collapse features, has
already been identified in the conceptual models for the region. The identification of stagnation zones is a newer
finding, and one with implications for potential waste disposal beyond the existing McMurray Formation and lessused Devonian formations.

LESSONS LEARNED
The interpreted results have helped substantiate existing knowledge of the region’s groundwater flow systems,
including the following points:
• The existence of stagnation zones in Cretaceous formations has implications for identifying potential
disposal zones.
•

Areas of vertical connectivity should be considered in water management plans since these might be areas
where activities at depth may have greater potential to eventually affect shallower aquifers.

•

This study demonstrated the high level of applied research being conducted by industry towards addressing
potential environmental concerns. The data assembled by the COSIA members included a very
comprehensive set of environmental tracers that surpassed most of the published regional groundwater
studies led by academia or government. The use of these tracers and the interpretation that was developed
from this work was published in the Journal of Applied Geochemistry.
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PRESENTATIONS AND PUBLICATIONS
Journal Publications
Birks, S.J., Fennell, J.W., Gibson, J.J., Yi, Y., Moncur, M.C., Brewster, M., 2019. Using regional datasets of groundwater
isotope geochemistry to evaluate conceptual models of groundwater flow in the Athabasca Region. Applied
Geochemistry 101, 140-159. https://doi.org/10.1016/j.apgeochem.2018.12.013.

Conference Presentations/Posters
Fennell, Jon; Birks, Jean; Brewster, Mike. 2017. Improving our Understanding of Groundwater Resources through
Canada’s Oil Sands Innovation Alliance (COSIA), WaterTech, April 3-5, 2017.
Fennell, Jon; Birks, Jean; Brewster, Mike. 2017. Improving our Understanding of Groundwater Resources through
Canada’s Oil Sands Innovation Alliance (COSIA), Canadian Society of Petroleum Geologists Geoconvention, Calgary,
May 15-17, 2017.
Birks, Jean; Fennell, Jon; Brewster, Mike. 2018. Improving our Understanding of Groundwater Resources through
Canada’s Oil Sands Innovation Alliance (COSIA), International Hydrogeology Forum, Bogota, Colombia, March 7-9,
2018.

Reports and Other Publications
Birks, Jean; Fennell, Jon; Yi Yi; Gibson, John; and Moncur, Michael. 2017. Regional Geochemistry Study for the
Southern Athabasca Oil Sands (SAOS) Area. Technical Report prepared for Hydrogeology Working Group, COSIA,
January 2017, 69pp. + Appendices.
Birks, Jean; Fennell, Jon; Yi Yi; Gibson, John; and Moncur, Michael. 2017. Regional Geochemistry Study for the
Southern Athabasca Oil Sands (SAOS) Area, submitted to Alberta Environment and Parks, 69 pp.

RESEARCH TEAM AND COLLABORATORS
Name
Jean Birks
Jon Fennell
Michael Moncur
John Gibson
Yi Yi

Institution or Company
InnoTech Alberta
Integrated Sustainability
Consultants Ltd.
InnoTech Alberta
InnoTech Alberta
InnoTech Alberta
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Principal Investigator
Principal Investigator
Researcher
Team Lead
Researcher
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STEAM GENERATION
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90% Steam Quality Using Rifled Tubes
COSIA Project Number: WJ0036, WJ0075
Research Provider: None
Industry Champion: Canadian Natural Resources Limited
Industry Collaborators: Innovative Steam Technologies
Status: Completed

PROJECT SUMMARY
This project was a commercial-scale evaluation of rifle tube technology to achieve higher steam quality (SQ) in a
once-through steam generator (OTSG). The potential benefits of higher SQ are reduced steam generator blowdown,
reduced make-up water demand, reduced greenhouse gas (GHG) emission intensity, and lower costs. The Jackfish 2
facility was selected for the pilot as the facility was not fully ramped up and there was a spare steam generator
available – OTSG-F. The last 10 of 25 tube lengths and bends in each of the four passes of the radiant section of
OTSG-F were retrofitted. In total, 40 radiant tubes and bends were cut and removed and replaced with 40 rifled
tubes and new smooth (non-rifled) bends.
The objectives of the project were to:
• achieve up to 90% SQ at the current burner firing rate, as baselined;
•

ensure integrity of steam generator piping is not compromised;

•

achieve successful pigging throughout the length of the pipe and the bends without degrading the internal
surface of the pipe;

•

have no increase in scaling or fouling (accumulation or deposition), operating at 90% SQ, over pre-existing
conditions of operating at 78% SQ;

•

have no negative impact on operations; and

•

collect sufficient data to decide on commercialization of the technology.

During the pilot, every effort was made to keep OTSG-F running continuously and producing the full steam
throughput at the optimum SQ, except during water plant excursions or upsets. No changes to the boiler feed water
(BFW) Critical Operating Directive specifications were made; i.e., the BFW was not treated differently for this pilot.
The key performance indicators for this project included tube temperatures, SQ, BFW quality, blowdown quality, SQ
transport results, BFW flow, steam flow, blowdown flow, and burner firing rate (fuel flow).

COSIA WATER EPA –2019 IN SITU WATER RESEARCH REPORT

28

PROGRESS AND ACHIEVEMENTS
After approximately one month of operation at 78-80% SQ to establish baseline conditions, the pilot began in
January 2014. OTSG-F was operated up to 90% SQ for approximately 10 months. The pilot was completed in October
2014 when OTSG-F was shut down for pigging. The OTSG had been pigged in advance of the pilot as well. The pilot
achieved most of the objectives but was unsuccessful with respect to the objective of no increase in scaling or fouling
and the objective of collecting enough data for a commercialization decision.
The pilot was considered a success as the primary objective of operating up to 90% SQ was achieved with no negative
impact on operations. Although 90% was the target SQ, due to water quality excursions the average SQ was 86%. It
was reduced from 90% when the BFW didn’t meet the steam generator specification, which is standard practice for
steam generator operation at Jackfish. Nonetheless, the higher SQ operation during the pilot led to reductions in
blowdown, BFW, and GHG emission intensity as expected. Relative to the baseline period before the pilot, the highpressure blowdown flow rate was reduced by 44%, the BFW flow rate was reduced by 9%, and GHG emission
intensity was reduced by 3.5%.
OTSG-F was successfully pigged at the end of the 10-month pilot and the scale was collected, weighed, and analyzed.
The scale from OTSG-F was approximately 60% organics and 40% inorganics, which is typical of the scale composition
at Jackfish 2 and the other Jackfish facilities. However, the amount of scale was significantly higher for OTSG-F than
for other steam generators that were operated at a lower SQ during a similar time period. Although operation at
90% SQ may have caused the increased scale formation, other operational factors were suspected of contributing,
specifically the lack of thermal cycling on OTSG-F. Thermal cycling is an operational practice at Jackfish that is used
to “knock-off” scale, and that procedure is triggered when high temperatures on the tubes in the steam generator
are observed.
Thermal cycling did not occur, in part because the intent of the pilot was to keep the steam generator running as
consistently as possible, but also because the installed thermocouples provided inaccurate readings of tube
temperature in the steam generator. Some of the thermocouple installations were incorrect and that led to false
low readings. Tube temperature monitoring via thermocouples is the primary method at Jackfish of assessing scale
formation. Thermocouples are used to detect hot spots which are the leading indication of scale formation.
Various tests were undertaken at the end of the pilot to assess whether the integrity of the piping was compromised.
“Smart pigging” technology did detect apparent wall thinning, but subsequent non-destructive and destructive
testing found negligible mechanical damage as a result of operation at 90% SQ. Non-destructive testing, which
included ultrasonic and radiographic testing, found negligible wall loss and acceptable weld profiles. Destructive
testing consisted of tests on four sections of rifled tubes that were cut out of OTSG-F. Visual examination of the
sections found no evidence of corrosion, cracking, excessive scale, or damage, and dimensions were within
tolerance. Metallurgical analysis of the sections found the material was to specification and there was no evidence
of overheating.
The objective of collecting enough data to support a commercialization decision was not met. As mentioned, a
proper tube temperature data set wasn’t collected due to the improperly installed thermocouples. Further piloting
is required at 90% SQ to collect that data. A future pilot is also needed to collect better data related to scale
formation. Utilizing thermal cycling during that pilot, enabled by accurate thermocouple readings, will allow an
“apples to apples” comparison of the scale data from lower SQ operation.
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LESSONS LEARNED
This pilot was a significant step in de-risking rifled tube technology for the in situ oil sands industry. Engineering
studies performed in the industry have determined that operation at 90% SQ will lead to reduced GHG emission
intensity, reduced blowdown, reduced make-up water demand, and reduced costs. Rifled tube technology is one of
the technologies that could potentially be utilized for 90% SQ operation. This pilot successfully demonstrated the
rifled tube technology and some of the expected benefits of operation at 90% SQ.
The expected GHG emission intensity reduction and blowdown reduction at 90% SQ were demonstrated. The
benefits related to make-up water demand and costs were not directly quantified, but the findings from the pilot
can be extrapolated to assess those savings. For example, the decrease in BFW flow rate can be used to calculate
the expected reduction in make-up water demand and cost savings. Costs savings can be realized from reducing the
size of the water treatment plant in an in situ oil sands central processing facility. It should be noted though that the
economics of rifled tube technology will be more attractive in a greenfield application than in a retrofit of an existing
facility.

PRESENTATIONS AND PUBLICATIONS
Conference Presentations/Posters
Fanai, C. 2015. Rifle Tube Boiler Pilot. Presented at Canada’s Oil Sands Innovation Alliance (COSIA) Innovation
Summit, March 31 – April 2, Calgary, AB, Canada.

Reports and Other Publications
Sponsor Generated Content. 2019. Devon Canada Looks to Find the Right Formula for Increased Steam Quality.
Published online by JWN, 11 December 2014.
Coglon, D. 2016. COSIA at the Crossroads: Driving environmental innovation. Published in the Canadian Association
of Petroleum Producers (CAPP) Context: Energy Examined magazine, 01 December 2016.

RESEARCH TEAM AND COLLABORATORS
The research was conducted by COSIA members only and no external research bodies were enlisted.
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Steam Generation – Once through Steam Generator Research
COSIA Project Number: WE0026, WE0043
Research Provider: Southern Alberta Institute of Technology (SAIT), Applied Research and Innovation Services,
Centre for Energy Research in Clean Unconventional Technology Solutions (CERCUTS)
Industry Champion: ConocoPhillips Canada Resources Corp.
Industry Collaborators: Canadian Natural Resources Limited, Cenovus Energy Inc., Imperial Oil Resources Limited,
Suncor Energy Inc.
Status: Year 3 of 5

PROJECT SUMMARY
The most common recovery process employed for producing oil from deep oil sands reservoirs (geological
formations), is known as Steam Assisted Gravity Drainage (SAGD). In this process, steam is generated at a Central
Processing Facility (CPF), transported to well pads, and injected into a horizontal well bore within the formation. The
heat supplied by the steam warms the heavy oil in the reservoir, allowing it to flow via gravity into a second well
bore that captures the oil water mixture and moves it to the surface with the hydrocarbon at temperatures of over
180°C. The oil and water mixture contain high levels of impurities; including salts, metals, silica and organic
compounds. Typical steam requirements in these processes range from 2 to 3 barrels of water per barrel of oil
produced. Because of the large water requirements, recycling and reuse of the water used in the steam production
is mandatory to protect the environment, meet stringent regulations and minimize costs. Current recycling rates are
90% or more, and the remaining 10% is typically sourced from brackish water formations to further minimize
environmental impacts. The produced oil / water mix is separated, and the remaining water, which still has high
levels of impurities, is then treated to be pure enough to be fed to the boilers for steam generation. Current
treatment steps still leave boilers vulnerable to fouling and scaling; which leads to loss of efficiency, tube failures
and downtime for cleaning. Technology testing on lab scale once through steam generators (LS-OTSGs) can reduce
fouling or scaling and has the potential to reduce both planned and unplanned outages, improve operating
efficiency, and reduce water usage, blowdown and GHG emissions.
The objectives of this work are to:
• investigate the causes of organic and inorganic fouling under controlled laboratory conditions using two
novel LS-OTSGs and
•

evaluate practicable solutions that could be deployed at oil sands facilities to reduce fouling, water usage
and GHG emissions.

PROGRESS AND ACHIEVEMENTS
This work builds on intellectual property and designs of 1/1000th scale LS-OTSGs previously completed by
ConocoPhillips and transferred to SAIT. While progress on the project is ongoing, the first set of experiments began
in 2019 using clean water spiked with various inorganic (hardness, silica) constituents in similar concentrations to
those observed in practice. This synthetic boiler feedwater (BFW) was used to commission the system to ensure
reproducible results. Following commissioning, various chemical additives were tested on the synthetic BFW to
gauge their effectiveness in preventing inorganic fouling. In Q4 2019, oil sands water from several operators was
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sent to the program to test the additives on “real” water. Test results are expected to be published in 2020 and
2021. This work has demonstrated how various concentrations of inorganic chemistries in boiler feed water can
affect process conditions that lead to fouling and how some treatments can prevent fouling.

LESSONS LEARNED
The project’s main learnings to date are:
• In one week, the LS-OTSGs are able to replicate tube fouling that takes a year in a full-scale commercial
OTSG and thus offer insight on processes and treatments for fouling prevention.
•

Setting up off-site test equipment is challenging from a design and logistics perspective in a commercial
OTSG. The steam tubes that make up the two LS-OTSGs can be rebuilt quickly for reproducibility of
operational efficiency.

•

The lessons learned from this project continue to contribute to solutions for reducing fouling and enhancing
water recycling for OTSG operations.

PRESENTATIONS AND PUBLICATIONS
ARIS-CERCUTS researchers, Enhanced environmental performance in oil sands in situ water treatment and steam
generation, presented at New Technology for in situ Oil Sands facilities Conference, 2017, Calgary, AB
ARIS-CERCUTS researchers, in situ oil sands steam generation program, presented at Canada’s Oil Sands
Innovation Alliance (COSIA) Innovation Summit, 2018 Calgary, AB
ARIS-CERCUTS researchers, An Alternative to increasing Water Recycling Rates in the Oil Sands; Reverse
Osmosis – In Situ-SIM Simulation, presented at the Energy Dragon- Student Presentations, 2018, Calgary, AB
ARIS-CERCUTS researchers, Reducing environmental impacts of heavy oil production using IOT, presented at IOT in
Oil and Gas in Canada conference, 2018, Calgary, AB
ARIS-CERCUTS researchers Applied Research and Innovation for Canadian Oil Sands and Clean Energy Solutions,
presented at Oil Sands Conference and Trade Show, 2019, Fort McMurray, AB
ARIS-CERCUTS researchers Steam boiler feed and blowdown water treatment and recycle, presented at CICAN
Conference-Student Poster and Presentation, 2020, Ottawa, ON
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RESEARCH TEAM AND COLLABORATORS
Institution: SAIT
Name

Institution or
Company

Degree
or Job Title

Rick Tofani

SAIT

Director, ARIS

Dr. Vita Martez
Joseph Apawan
Marlon Norona
Charlie Atkins
Arnel Angeles
Nelia Julca
Sarah Tripp

SAIT
SAIT
SAIT
SAIT
SAIT
SAIT
SAIT

NSERC Industrial Research Chair for Colleges
Lab Supervisor, Instrumentation Engineering
Research Technologist, Chemical Technology
Research Technologist, Chemical Technology
Research Technologist, Chemical Technology
Chemist
Chemist

Degree
Start Date
(Students Only)

Expected Degree
Completion Date
or Year
Completed
(Students Only)

Research Collaborators: This project received government grants from the Natural Sciences and Engineering
Research Council of Canada (NSERC) and Alberta Innovates (AI) and RCP, Canada Foundation for Innovation (CFI).
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Tannin Boiler Feedwater Additive
COSIA Project Number: WJ0090
Research Provider: TGWT Clean Technologies Inc.
Industry Champion: ConocoPhillips Canada Resources Corp.
Industry Collaborators: None
Status: Complete

PROJECT SUMMARY
Boilers are used to generate steam for bitumen recovery in Steam Assisted Gravity Drainage Operations (SAGD). To
ensure efficient equipment operation and the production of high-quality steam, the water entering a boiler is often
treated to prevent boiler failure as a result of fouling, corrosion, or scaling. Boiler failure can lead to expensive
maintenance fees and costly plant downtime.
This study trialed a technology submitted by TGWT Clean Technologies Inc. (TWGT) which was successful in
traditional boiler applications to reduce fouling. The concept was to add tannins to the water to provide a protective
film on the boiler tubes to prevent solids precipitating from liquids from sticking to the tube walls. The purpose of
this project was to perform laboratory tests of the tannin additive to determine its ability to reduce OTSG fouling
using boiler feedwater (BFW) samples from ConocoPhillips Surmont operations.

PROGRESS AND ACHIEVEMENTS
The testing proved unsuccessful, as fouling was exacerbated with the addition of tannins to the boiler feedwater
from Surmont. It is worth noting that learnings from other industries rarely apply to the reliable operation of OTSGs
in SAGD service due to the unique nature of the composition of the boiler feedwater.

LESSONS LEARNED
While tannin additions were not found to be suitable for BFW from Surmont, some operators have observed a
benefit to retaining tannins in BFW to limit OTSG fouling, likely due to differences in the composition of dissolved
organic compounds among BFW from different operations.

PRESENTATIONS AND PUBLICATIONS
No public presentations or publications.

RESEARCH TEAM AND COLLABORATORS
Institution: TWGT Clean Technologies Inc., McGill University
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Name

Institution or Company

Dr. Roger Gaudreault

TWGT Clean Technologies
Inc.

Dr. Theo G.M. van de Ven

McGill University

Dr. Salman Safari

TWGT Clean Technologies
Inc.
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OTSG Steam Quality Measurement and Control
COSIA Project Number: WJ0093
Research Provider: Canadian Natural Resources Limited
Industry Champion: Canadian Natural Resources Limited
Industry Collaborators: None
Status: Completed

PROJECT SUMMARY
At most in situ oil sands operations, bitumen is extracted by injecting steam into the reservoir. Typically, the steam
is produced using boilers called once-through steam generators (OTSG). Currently, most OTSGs operate at about 7580% steam quality, meaning this percentage of the water is converted into steam. The rest is “blowdown,” a mixture
of water, salts, and organic compounds. Higher steam quality has several benefits including reducing the blowdown,
decreasing the GHG intensity, reducing the boiler feed water flow and/or increasing the steam production from
existing boilers.
Real time and accurate measurement of steam quality is critical for efficient control and operation of OTSGs.
Although a method is available for online steam quality measurement using steam pressure drop, some operators
are experiencing significant errors and reliability issues associated with the pressure drop measurements with this
methodology. Moreover, this method also requires frequent calibrations, which may be associated with scaling and
erosion of the instruments and invalidity of the correlations for a wide range of operating conditions.
With the adoption of accurate steam quality measurement, the steam quality can be controlled in a tighter range
and close to the OTSG maximum limit providing an increase in steam quality of 1-3% or more, depending on the
facility. This means that the process fluctuations (fuel gas, air, boiler feed water flows) are also minimized. This would
ensure steady operation of OTSGs with increased thermal efficiency. With increased steam quality, more heat will
go to steam vapor content and less heat will go to liquid content, resulting in more useful energy for oil production.
This thermal efficiency improvement would reduce the greenhouse gas (GHG) emission intensities. Also, with steady
operation the scaling and fouling tendencies in the OTSGs would be reduced. Reduced cleaning and pigging of OTSGs
means increased uptime (additional cash flow), reduced exposure of operators and service crews to hazards, and
reduced waste water.

PROGRESS AND ACHIEVEMENTS
Canadian Natural has developed a mathematical model that predicts the steam quality from an OTSG using only the
discharge steam pressure and temperature measurements. This was made possible by simulating the characteristics
of the vaporization process specific to the saline boiler feed water in the Primrose and Wolf Lake (PAW) operations.
The steam quality model equation and model prediction for the OTSG are provided below. The plot shows that the
model prediction (red line) % steam quality values match very well with the periodic conductivity based laboratory
steam quality values (blue line).
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Where
SQ = OTSG discharge steam quality (as fraction)
T = OTSG discharge steam temperature (°C)
SQMAX = Maximum steam quality (= 0.95)
TBP = 4.6 P+272.37 (Bubble point temperature in °C; Discharge steam pressure P in MPag)
TMAX = 5.0 P+276.17 (Maximum temperature in °C at 95% SQ; Discharge steam pressure P in MPag)
K = Calibration factor to account for non-equilibrium, flow dynamics, salinity, organics content etc.
(Typical range: 0.4 – 0.6)

The predictive model was used to aid the OTSG trim control resulting in more stable operation. Additional algorithms
were developed to improve the model robustness and accuracy, and to recalibrate for changing OTSG performance
over time. The model was successfully implemented and tested for eight steam generators at Primrose North plant
and seven steam generators at Primrose East plant, with the new steam quality control producing about 1-2%
additional steam. As a result, plans are in place to implement this model for steam quality control of an additional
sixteen steam generators and one heat recovery steam generator at PAW.

LESSONS LEARNED
The novel steam quality control algorithm helps to improve OTSG steam quality and reduce GHG intensity. For a
typical SAGD facility, a steam quality improvement of 2% would result in an 8% decrease in boiler blowdown and up
to a 1% reduction in GHG intensity. This algorithm doesn’t cost much to implement except the time to re-program
the control system with new mathematical equations. Features such as automatic bias correction (self learning or
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machine learning) and automatic recalibration would make the algorithm more accurate and robust, and more
operator friendly for use.
As a subset of this project, Canadian Natural is also investigating the long-term trend of control parameters to help
predict OTSG tube fouling and scaling. The objective is to decrease downtime and cost by optimizing the OTSG tube
mechanical cleaning schedule.

PRESENTATIONS AND PUBLICATIONS
Conference Presentations/Posters
Peramanu, S. 2016. A novel electrolyte based model for OTSG steam quality prediction. Canada’s Oil Sands Innovation
Alliance (COSIA) Water Conference, March 22-23, 2016, Calgary, AB, Canada
Peramanu, S. 2018. Implementing Thermodynamic Steam Quality Model for OTSG Control. Canada’s Oil Sands
Innovation Alliance (COSIA) Innovation Summit, June 7-8, Calgary, AB, Canada

Reports and Other Publications
COSIA 2016, Soft-sensors, COSIA Newsletter Issue 6, Feb 2016. http://www.cosia.ca/initiatives/water/waterprojects/soft-sensors

RESEARCH TEAM AND COLLABORATORS
Institution: Canadian Natural Resources Limited
Principal Investigator: Subodh Peramanu, P.Eng., PhD, Process & Technology Specialist, Canadian Natural Resources
Limited
Research Collaborators: None
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Flash Steam Generation – Steam Generation Without Water
Treatment
COSIA Project Number: WJ0110, WJ0111
Research Provider: FSG Technologies Inc.
Industry Champion: Cenovus Energy Inc.
Industry Collaborators: BP Canada Energy Group ULC, Nexen Energy ULC
Status: Completed

PROJECT SUMMARY
Steam Assisted Gravity Drainage (SAGD) operations treat and heat produced water to create steam to inject into
wells and extract bitumen. This process is energy-intensive, and the feedwater requires thorough pre-treatment for
use in boilers. Flash Steam Generation (FSG) is an alternative steam generation method for in situ SAGD oil recovery
that could dramatically reduce, or potentially eliminate, the need for water treatment at SAGD facilities by changing
the way steam is generated, reducing emissions and water treatment costs.
The flash steam generation method, developed by Quebec-based FSG Technologies, uses untreated oil sands process
water to generate steam. The water is pumped to a heater and heated at high pressure to just below boiling point.
The water is then sent to a large tank with much lower pressure, where it becomes steam – a depressurization
process called “flashing.” Most of the impurities associated with steam generation remain in the water instead of
lining the tank walls as typically occurs with the boiler tubes in traditional steam generation. The remaining water is
mixed with incoming feedwater and returned to the heater. Over 90 per cent of the feedwater is converted to highquality steam through this process.
Two studies were undertaken to assess the FSG technology for steam generation. A laboratory pilot study was set
up at a fraction of the size of the projected industrial units to confirm that the FSG system could be scaled up to
more extensive operations. The purpose of the second study was to estimate the cost of building a field pilot to
prove the technology’s commercial viability.

PROGRESS AND ACHIEVEMENTS
An FSG laboratory system was developed at roughly 1/1000th the size of the projected industrial units. This system
relied on piston pumps, electrical heating, and small pipe diameters.
The FSG system was able to produce steam from 50 to 100 bars, but also to deliver several long runs, ranging from
75 to 100 hours of continuous operation. In all but one case, the runs were eventually ended because of pump
performance degradation.
Fouling was found in the system, mostly silicate, and was due primarily to localized boiling in the heat exchanger
pipes. Boiling in the heat exchanger pipes was caused in part by the specific mounting arrangement of the lab system.
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Boiling may also have been caused by process conditions, as SiO2 concentrations were held close to or above the
silica saturation point. Future work may be undertaken to examine the potential for operation at higher pH levels to
reduce silicate fouling.
Based on the success of the laboratory pilot, an engineering study was conducted to estimate the cost of setting up
an FSG system at one of Cenovus’ facilities.

LESSONS LEARNED
The operation of the laboratory pilot led to an improved understanding of process water behaviour under the testing
conditions. Further, a set of operating and control principles were developed for the FSG, which are available to
other COSIA members.
By generating steam without boiling water the process could eliminate the need for extensive water treatment,
which could, in turn, increase water recycling rates and reduce greenhouse gas emissions and energy consumption.

PRESENTATIONS AND PUBLICATIONS
Conference Presentations/ Posters
Sun, S. 2017. Water treatment fundamentals and technologies being trialed. Presented at Canada’s Oil Sands
Innovation Alliance (COSIA) Associated Members meeting, October 2017, Calgary, AB, Canada.
Sun, S. 2018. June 2018 COSIA Innovation summit. Future water treatment and steam generation technologies.
Presented at COSIA Innovation Summit, June 2018, Calgary, AB, Canada.

RESEARCH TEAM AND COLLABORATORS
Institution: FSG Technologies Inc.
Principal Investigator: Marc Gouyon-Rety

Name
Marc Gouyon-Rety

Institution or Company
FSG Technologies Inc.

COSIA WATER EPA –2019 IN SITU WATER RESEARCH REPORT

Degree
or Job Title

Degree
Start Date
(Students Only)

Expected Degree
Completion Date
or Year Completed
(Students Only)

General Manager
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WASTE MANAGEMENT
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Boiler Blowdown Reduction Technology
COSIA Project Number: WJ0015
Research Provider: JACOBS Consultancy
Industry Champion: Imperial Oil Resources Limited
Industry Collaborators: BP Canada Energy Group ULC, Canadian Natural Resources Limited, ConocoPhillips Canada
Resources Corp., Nexen Energy ULC, Statoil Canada, Suncor Energy Inc.
Status: Completed

PROJECT SUMMARY
The purpose of this study was to determine the environmental and financial impacts associated with various boiler
blowdown reduction options for thermal in situ facilities. The assessment of new and commercially available
technologies to reduce water disposal was driven, in part from limitations the Alberta Energy Regulator (AER) placed
on oil sands producers through Directive 081: Water Disposal Limits and Reporting Requirements for Thermal In Situ
Oil Sands Schemes (Directive 081).
Directive 081 limits disposal volumes for operators to encourage recycling of produced water and limit the amount
of water used to compensate for water loss (i.e., make-up water), especially fresh water. There was concern among
operators that they may have trouble meeting the Directive’s disposal limits while keeping levels of total dissolved
solids below the technical specifications of boilers.
The objective of the study was to determine the option(s) that can meet the Directive 081 disposal limits while
minimizing any detrimental impacts on other environmental metrics (e.g., greenhouse gas intensity), operating
costs, capital costs, and maintenance costs. Six options for reducing blowdown were assessed and compared to a
warm-lime softener (WLS) / once-through steam generator (OTSG) base case.

PROGRESS AND ACHIEVEMENTS
This study was completed July 2014 and assessed the options using a process flowsheet. The following flowsheet
configurations were examined:
•

Base Case – Warm Lime Softening and OTSG (77% steam quality)

•

Blowdown (BD) Treatment
o

BD Flashing

o

BD Evaporator

o

BD Evaporator + Reduced Liquid Discharge (RLD) using a Crystallizer + Flash cooler

o

BD Evaporator + Zero Liquid Discharge (ZLD) using a Crystallizer + Dryer
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•

High Quality Steam (90% steam quality)
o

Rifle Tubes

o

Boilers-in-series (BIS) (a.k.a. Blowdown Boiler)

In order to complete the simulations, several assumptions had to be made; several key assumptions are listed below:
• Bitumen capacity 33,000 bpd
•

Production using mechanical lift

•

Steam to Oil Ratio = 3; Gas to Oil Ratio = 5.6

•

Reservoir pressure of 2,200 kPa

•

Water losses to reservoir 10%

•

Base OTSG steam quality 77%

•

Disposal water to wells and solids/slurry to truck-out

•

OTSG Feed Specs: TDS = 8,000 mg/L; Silica = 50 mg/L; Hardness =1 mg/L; TOC =600 mg/L

The study conclusions are summarized below:
•

All options reduce the make-up water and disposal.

•

All four blowdown treatment options increase GHG emissions and increase capital and operating costs
relative to the Base Case.

•

RLD and ZLD options are capital intensive but are likely unavoidable for large plants in the absence of access
to disposal wells.

•

Performance of Rifle Tubes and Boilers-In-Series (BIS) is nearly the same. Both Rifle Tubes and BIS show
significant energy savings with less heat lost to blowdown.

•

Rifle Tubes and BIS are the only blowdown reduction technologies that reduce disposal, reduce GHG
emissions, and reduce capital and operating costs relative to the Base Case.

•

It is better from an emission and cost standpoint to make high quality steam rather than treat the
blowdown.

LESSONS LEARNED
The analysis suggested that the boilers-in-series and rifle tube boilers options merit additional development. While
the study was focused on new designs and capital cost reductions compared to the base case, both technologies
lend themselves to revitalization situations and could be the least expensive option for those facilities that are unable
to meet Directive 081. The only major risk identified for implementation is the reliability of the boilers; both options
may lead to increased boiler fouling.

PRESENTATIONS AND PUBLICATIONS
Imperial Oil Resources Limited. 2015. Boiler Blowdown Reduction Technologies. Presented at Canada’s Oil Sands
Innovation Alliance (COSIA) Innovation Summit. Banff, Alberta, April 1, 2015.
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RESEARCH TEAM AND COLLABORATORS
Institution(s): JACOBS Consultancy
Principal Investigator(s):

Name

Rich Hill

Institution or Company

Jacobs Consultancy
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Blowdown Handling Working Group
COSIA Project Number: WJ0065
Research Provider: None
Industry Champion: Imperial Oil Resources Limited
Industry Collaborators: ConocoPhillips Canada Resources Corp., Imperial Oil Resources Limited, Suncor Energy Inc.
Status: Completed

PROJECT SUMMARY
Steam generator liquid blowdown water is often recycled in the Central Processing Facility (CPF) of a Steam Assisted
Gravity Drainage (SAGD) recovery operation to reduce the amount of new make-up water required. However, the
recycling of blowdown water can lead to scaling and corrosion in steam generator tubes as a result of increased
concentration of scaling components which stay dissolved in the steam liquid fraction. It is unclear which
components and parameters present in steam generator liquid blowdown streams lead to operational issues. If the
factors that lead to steam generator performance issues could be identified, more blowdown water could be
recycled, which could decrease make-up water use and lower water treatment costs.
The Blowdown Handling Working Group was formed within the Canadian Oil Sands Innovation Alliance (COSIA) to
evaluate the design and operation of steam generator blowdown handling systems, and thereby ascertain which
factors lead to operational issues, thus increasing environmental performance by optimizing the recycle of liquid
blowdown. This Working Group entailed contribution and analysis of operating and design data (stream chemistries,
steam generator scaling frequency, recycle rate, etc.) as well as discussion on operational experience and learnings.
The Working Group's objective was to review the information provided and determine which factors limit the ability
to recycle blowdown water and share these learnings within COSIA to drive better environmental performance.

PROGRESS AND ACHIEVEMENTS
Several potential factors which may contribute to steam generator performance issues were identified, including:
•

Fundamental operating and design differences between operating facilities
o

•

Chemical injection programs
o

•

Hot Lime Softeners typically operate at a higher temperature than Warm Lime Softeners resulting
in faster reactions and settling of particulates, which can lead to lower total suspended solids in
the effluent to downstream equipment.

Chemical injection (i.e., chemical type, dosage rates) programs may lead to steam generator
performance issues. For example, the use of coagulant aid (organic compound) can lead to organic
fouling in steam generators.

Recycling of higher concentrations of scaling constituents which remain in the liquid blowdown stream
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o

•

Blowdown pH
o

•

The recycling of scaling constituents (i.e., silica, calcium, and magnesium) may lead to scaling in
steam generators. However, it is not possible to differentiate the effect of scaling constituents
from other process variables as these variables cannot be isolated in the process.

Produced Water Evaporator pilot testing suggests that a pH ≥ 12.5 could result in conditions that
cause scale.

Constituent and parameter relationships
o

The interaction of various constituents within the blowdown stream may result in the formation
of species which may contribute to scaling, such as sodium-to-silica and sodium-to-total organic
carbon (TOC).

LESSONS LEARNED
This study was based on an analysis of a single fluid sample from each facility, which only represents a snapshot of
operating conditions. Continuous monitoring of the parameters leading to steam generator performance issues
would be required to validate the relationships found in this study and determine which operating states may lead
to operational issues. Monitoring programs could be used to determine if there is a correlation between the
following parameters and steam generator performance (i.e., scaling) resulting from steam generator blowdown
recycle:
• coagulant aid carryover into the boiler feedwater system and the impact of chelant injection on hardness
control and steam generator tube loss;
•

steam generator blowdown pH, specifically, the relationship between pH ≥ 12.5 and steam generator
performance; and

•

steam generator blowdown TOC, silica and sodium concentration.

PRESENTATIONS AND PUBLICATIONS
Conference Presentations/Posters
Parsons, J. 2014. Blowdown Handling Working Group Findings. Presented at Canada’s Oil Sands Innovation Alliance
(COSIA) Water EPA Fall Forum, December 19, Calgary, AB, Canada.

Reports & Other Publications
Imperial Oil Resources Limited. 2016. Blowdown Handling Working Group Final Report. Submitted to COSIA, 20 April
2016, 96 pp.

RESEARCH TEAM AND COLLABORATORS
The Blowdown Handling Working Group consisted of COSIA members only and has not enlisted external research
bodies.
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An Innovative Solution to Steam Assisted Gravity Drainage
(SAGD) Blowdown Water – Blowdown Boiler Technology
COSIA Project Number: WJ0079, WJ0080
Research Provider: None
Industry Champion: Cenovus Energy Inc.
Industry Collaborators: None
Status: Completed

PROJECT SUMMARY
Boilers produce the steam necessary to recover bitumen located in underground reservoirs. The steam is injected
into the ground and returns to the surface as an oil/water mixture. Water is separated from the oil/water mixture
and the water reused to generate steam. Although the water is treated prior to steam generation, it still contains
impurities picked up from the underground reservoir. These impurities can result in scaling of boiler tube surfaces
which can lead to mechanical failure and limit the amount of steam that can be generated. Impurities in the water
are concentrated during steam generation creating a waste stream called “blowdown water”. Blowdown water is
traditionally either re-treated or disposed of at appropriate facilities.
Instead of re-treating or disposing of the blowdown water, two separate studies were conducted to test whether
the blowdown water could be reused in a steam generator without treatment. This method could reduce the volume
of blowdown water requiring treatment and disposal, resulting in significant cost savings and would also reduce the
amount of makeup (new) water required. In the first study, a small boiler was fed untreated water over 90 days.
Following the success of the first study, the second study ran the same tests using a larger commercialized boiler.

PROGRESS AND ACHIEVEMENTS
The first study set up a “pilot boiler” which received blowdown water from an initial boiler in series to generate
steam. All monitoring parameters of the pilot boiler during the test were normal, and the pilot boiler generated
steam as the boiler manufacturer specified. The pilot boiler was shut down and examined thoroughly after 3 months
of operation. The boiler was in good condition with minor corrosion and pitting, which may have been present before
the test, given that the boiler was reused for this study. A second 3-month trial resumed after the inspection and
showed similar results.
Based on the success of the pilot boiler, a commercial boiler was developed to verify the test results at a larger scale.
Over the testing period, a total throughput of 236,223 m3 of blowdown was used to generate steam, confirming that
a commercial boiler can be operated safely as a blowdown boiler. Operation using a blend of blowdown and boiler
feedwater was also explored and proved to be feasible as long as the boiler is proactively maintained.
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LESSONS LEARNED
This study found that the addition of a blowdown boiler as a second steam generator could recycle above 90% of
produced water. As a greater percentage of water was recycled by feeding the water to a second boiler, the demand
for makeup water was reduced by over 50 per cent. Since this study, the technology has been successfully
commercialized at Cenovus’ Foster Creek and Christina Lake oil sands projects.
Material selection for the boilers and pumps should be carefully considered in full-scale commercial design and
operation due to the poorer quality of the water being introduced to the system. The boilers may also require more
frequent maintenance due to poorer water quality; appropriate maintenance intervals will be explored further in
commercial operation.

PRESENTATIONS AND PUBLICATIONS
Presentations
Sun, S., Wasylyk, M. 2011. An Innovative Solution to SAGD Blowdown Water - Blowdown Boiler Technology.
Presented at International Water Conference, November 13-17, Orlando, FL, USA.

Journal Publications
Sun, S., Wasylyk, M. 2011. An Innovative Solution to SAGD Blowdown Water - Blowdown Boiler Technology. 2011
Pure Water.

RESEARCH TEAM AND COLLABORATORS
The research was conducted by Cenovus and no external research bodies were enlisted.
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WATER TREATMENT
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Water Technology Development Center
COSIA Project Number: WJ0001
Research Provider: None
Industry Champion: Suncor Energy Inc.
Industry Collaborators: Canadian Natural Resources Limited, CNOOC Petroleum North America ULC, Husky Oil
Operations Limited
Status: Year 1 of 5

PROJECT SUMMARY
The Water Technology Development Centre (WTDC, or the Centre) is a $140 million live-fluid test facility constructed
at Suncor Energy Inc.’s (Suncor) Firebag Steam Assisted Gravity Drainage (SAGD) oil sands facility (Figure 2). The
WTDC’s main objective is to accelerate the safe development of water technologies that reduce environmental
impact, reduce capital and operating costs, and increase facility reliability, which will improve the sustainability
performance of thermal in situ oil sands operations, so that they can be competitive in a low oil price and low
Greenhouse Gas (GHG) intensity environment. Piloted technologies may include but are not limited to: emulsion
separation, oil removal, water treatment, steam generation, water waste management, produced water cooler,
chemical optimization, instrument and analyzer, and advanced process control. The WTDC is specifically designed to
meet the substantial industry challenges to develop technologies past the lab or bench scale and into the field or
near-commercial piloting scale. The WTDC provides a location to test water technologies with live fluids drawn
directly from an operating plant (i.e., Firebag) at a pilot-scale to establish commercial viability. Construction is now
complete, and the Centre will run for a minimum of five years with an option for additional testing.
Husky Oil Operations Limited, Canadian Natural Resources Limited, and CNOOC Petroleum North America ULC are
participants at the WTDC, with Suncor as the Centre’s owner and operator.
The WTDC will test pilots within five test plan years. Year 1 Test Plan pilots include:
•
Emulsion Breaking Chemistry Optimization,
•
Warm Lime Softening (WLS) Pilot,
•
Online Instrumentation (i.e., oil-in-water, level interface, steam quality),
•
Oil Removal Filter (ORF) and After Filter (AF) Optimization,
•
Once through steam generator (OTSG) Steam Quality Optimization,
•
OTSG Blowdown Treatment,
•
High Pressure (HP) Steam Separator Optimization, and
•
Produced Water Cooler (PWC) Optimization.
The Year 1 Test Plan objectives are to:
• Reduce chemical costs (both emulsion water treatment chemicals) through the (i) Emulsion Breaking
Chemistry Optimization and (ii) Warm Lime Softening (WLS) Pilots;
• Obtain real-time data from online instrumentation to enable proactive process control, facilitate
optimization, and enable advanced process control, machine learning, artificial intelligence, and digitally
disruptive technologies through the (iii) Online Instrumentation Pilots (i.e., oil-in-water, level interface,
steam quality);
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•
•
•
•
•

Achieve consistent high-quality BFW through the (iv) PW Filtration Optimization Pilot (i.e., Oil Removal
Filters and After Filters), (vi) OTSG Blowdown Treatment with Membrane Technology Pilot, and (ii) WLS
Pilot;
Maximize steam quality through the (v) OTSG Steam Quality Optimization Pilot;
Reduce PWC cleaning frequency through the (vii) PWC Optimization Pilot;
Minimize OTSG blowdown carry-over through the (viii) HP Steam Separator Optimization Pilot; and
Increase reliability through many of the pilots listed above.

Figure 2 Left:3-D model shot of WTDC looking from the NW (~75 m by 75 m). Right: photograph of the WTDC taken at Suncor’s
Firebag SAGD Facility from the NW in March 2019.

PROGRESS AND ACHIEVEMENTS
The primary achievement to date has been the collaborative effort among the WTDC participants to sanction and
construct the $140 million facility, which is one of the largest technology projects in the history of the oil sands
industry. This facility will move the burden and risk of testing new technologies away from an operating plant to a
specially designed facility, significantly reducing piloting costs for operators and vendors. In turn, this will enable the
more rapid development of new technologies to reduce water, land, waste, and GHG impacts and increase the
industry’s international competitiveness. The risks and costs associated with piloting will be shared among
operators, allowing each to test more technologies than they could on their own. Although costs are shared, the
benefits will be additive, meaning the environmental and economic benefits of applying technologies across the
industry (e.g., via COSIA) will be significant.
With the facility’s construction complete, technology piloting is now underway. To date, the WTDC’s operations
team has successfully overcome typical commissioning and start-up challenges, and the WTDC’s first pilot, Emulsion
Breaking Chemical Optimization, is performing well. Additional pilots will be brought online soon, as established by
the WTDC’s Year 1 Test Plan. Already, the WTDC has developed a Year 2 Test Plan, and work is underway on
engineering, procurement, and construction of these new pilots. As piloting and engineering continue over the
course of the WTDC’s initial five-year test period, the WTDC will be well-positioned to test a wide range of
incremental and breakthrough technologies.

LESSONS LEARNED
The project is in its early stages. The facility’s construction has recently been completed and technology piloting is
underway.
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The WTDC has learned numerous valuable lessons during planning and construction of the Year 1 Test Plan pilots.
These learnings are summarised briefly below:
• Simultaneously managing the development, administration, review, and selection of bid packages and
proposals for all pilots is unrealistic. Vendors, EPC contractors, and the WTDC member companies were
challenged by resource constraints while attempting to progress all pilots at once.
o An optimal number of pilots for which to issue bid packages at once is three. This balances cost
efficiency and manageability.
• To optimize the pilot, start up process, start dates for most pilots should be staggered. Operators were
forced to overcome several challenges when starting up the WTDC’s first pilot. Although these challenges
were manageable and reasonable, it may be difficult to handle similar challenges from several pilots
simultaneously.
• Close collaboration between partners is critical. The development of technology projects benefited from
having technology champions from within the WTDC member companies closely engaging with the EPC
contractor and vendors.
• Contract negotiations, detailed engineering, and Hazard and Operability Studies (HAZOPs) may take longer
than anticipated. All relevant parties should be engaged in the process early and often.
• Effective document control policies are required to properly catalogue, store, update, and share documents
with involved parties (e.g., for modelling, construction, design, etc.).
• Face-to-face or phone meetings can be an effective way for stakeholders and technical teams to provide
(and receive) input on pilot designs and to engage vendors. Communicating via email alone can lead to
challenges related to timing, interpretation, and consistency.
o Phone calls should also be used during construction to address information requests.
• It can take time and careful communication to bring new vendors up to speed on the standards and
approach of the industry (e.g. regulatory and safety requirements, symbology, documentation, etc.). These
concepts should be stressed with vendors at the early stages of communication and pilot design.

PRESENTATIONS AND PUBLICATIONS
As the WTDC pilot tests 25–40 pilots, it is estimated that ~20–80 patents, 10–20 prototypes, and ~10–50 best
practice, standard laboratory procedure, and technical operating envelope (TOE) recommendations may be
developed. Already three prototypes are in development (i.e., WLS pilot, filtration pilots, membrane pilot), standard
laboratory methods are being compared and optimized (e.g., bitumen in water analysis), and TOE specifications are
being refined (e.g., 90% steam quality). The learnings from WTDC piloting will be shared with COSIA via equitable
contributions of final reports.

Conference Presentations/Posters
Myszczyszyn, M. and Sobey, B. 2018. COSIA Water Technology Development Centre, WTDC – A Live Fluids Test Center
to Solve Current Produced Water Technology Challenges in the areas of Water Deoiling, Softening, Filtration, Steam
Generation, and Heat Integration. Presentation given at Canada’s Oil Sands Innovation Alliance (COSIA) Innovation
Summit, June 7-8, Calgary, AB, Canada
Sobey, B., Perdicakis, B., and Bernar, R. 2018. Canadian Thermal Oil Industry Water Technology Development Center
– Purpose, Design and Vision. Paper and presentation submitted to the International Water Conference, November
4-8, Scottsdale, AZ, USA
Perdicakis, B. 2019. The Water Technology Development Centre (WTDC) – Year 1 Test Plan. Presented at Alberta
Innovates’ Water Innovation Program Forum. Edmonton, AB, Canada
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Squires, M. 2019. The Water Technology Development Centre (WTDC) Overview. Presented at the Canadian Heavy
Oil Association (CHOA) Fall Conference, November 6-7, 2019. Calgary, AB, Canada

Reports & Other Publications
Ashcroft, K. 2018. Innovation Profile: Basil Perdicakis and the Water Development Centre. Published in the Canadian
Association of Petroleum Producers (CAPP) Context: Energy Examined magazine. Calgary, AB, Canada
JWN staff. 2019. Meet the 2019 Daily Oil Bulletin Energy Excellence Award champions. Published online by JWN May
3, 2019. Calgary, AB, Canada
Perdicakis, B. 2018. Full Project Proposal (FPP) Form: Clean Technology Facilities Support Program. Funding
application submitted to Alberta Innovates (on behalf of the WTDC), November 15, 2018. Edmonton, AB, Canada
Perdicakis, B. 2018. Full Project Proposal (FPP) Form (Technology Development). Funding application submitted to
Alberta Innovates’ Clean Energy Division (on behalf of the WTDC), November 2018. Calgary, AB, Canada
Perdicakis, B., McGregor, M., Gerbino, AJ., and Petersen, M. 2019. High Temperature Reverse Osmosis Membrane
SAGD Process Design Assessment. Published at the 2019 International Water Conference (Paper # IWC 19-61).
Orlando, Florida, United States of America

RESEARCH TEAM AND COLLABORATORS
Work in preparation for and during all testing years at the WTDC will be highly collaborative, engaging technology
providers and chemical suppliers, as well as organizations such as COSIA, the Universities of Calgary (U of C) and
Alberta (U of A), Innotech, and the Southern and Northern Alberta Institutes of Technology (SAIT and NAIT). For
example, as part of the Year 1 Test Plan, the WTDC is directly interfacing with ~18 technology and chemical suppliers
and ~8 engineering firms. It is expected that several hundred technical personnel from operators, engineering
companies, technology suppliers, and academic institutions will gain direct relevant industry experience from
collaborating on the WTDC.
In addition, COSIA is in the process of sponsoring a program at the U of C focused on evaporator waste management
and programs at the U of A focused on chemical optimization, with goals to pilot test developed technologies at the
WTDC. Suncor is also a lead COSIA company in establishing an “OTSG Centre of Excellence” that will create benchscale testing facilities at the U of C and pilot-scale testing facilities at SAIT to support pilot testing on the WTDC OTSG.
U of A is also involved in this project, providing expertise on erosion-corrosion phenomena. Ecodyne, InnoTech,
Jacobs, Exergy Solutions, and U of A are actively engaged in the design of a one-of-a-kind WLS test Pilot that builds
on best practices global chemical suppliers have established for thickening operations.
The water treated in Alberta’s oil sands industry is some of the most challenging in the world. Investing in research
and development in this sector should create a knowledge base on water treatment and steam generation within
Alberta that can be translated to other industries, both in Canada and globally. For example, one of the closest
parallels to the silicate scales that foul in situ oil sands steam generators is from the geothermal industry. Essentially,
if Albertans can further expand their skill sets on treating highly challenging oil sands waters and reliably generating
steam, the opportunity exists to transfer and export those skills to other industries across the globe, especially as
water and energy constraints become more severe as both the global population and energy demand continue to
grow.
The WTDC has received letters of support from the following organizations: COSIA, U of A, U of C, NAIT, SAIT,
InnoTech Alberta, HOCS Projects Inc., TIW Western Inc., and Exergy.

COSIA WATER EPA –2019 IN SITU WATER RESEARCH REPORT

53

Review of Emerging Desalination Technologies in
Steam Assisted Gravity Drainage (SAGD) Applications
COSIA Project Number: WE0048
Research Provider: None
Industry Champion: Cenovus Energy Inc.
Industry Collaborators: Canadian Natural Resources Limited, ConocoPhillips Canada Resources Corp., Imperial Oil
Resources Limited, Suncor Energy Inc.
Status: Completed

PROJECT SUMMARY
In SAGD operations, Once Through Steam Generators (OTSGs) are used to generate steam to be injected into a
reservoir for bitumen recovery. The water entering the OTSG must be treated to specific standards to ensure proper
operation. The steam generation process concentrates the impurities and some of the highly impure blowdown
water created by steam generation must be disposed of. A small amount of water from underground sources is
introduced into the system to make up the water lost through wastewater disposal. Effective management of the
water in the SAGD process can reduce treatment costs, energy requirements for water treatment, and the volume
of wastewater generated.
Desalination is one type of water treatment methodology frequently used to produce high-quality feedwater for
steam generation in other industries. Several types of desalination technologies exist, and a suitable desalination
technology for the treatment of a specific water source depends on many factors, including source water quality,
desired water quality post-treatment, and type and cost of energy source available. For the oil sands in situ sector,
the challenges with the use of many desalination technologies used in other industries include the free and dissolved
organics in the produced water, the relatively high dissolved silica and the need to operate at 85 C or higher.
The purpose of this study was to review an array of desalination technologies, existing as well as those under
development, to determine their applicability for use in preparing water for steam generators for the SAGD process,
using four different water sources that vary significantly in quality. Specifically, the focus was to identify desalination
technologies that would produce OTSG feedwater with less energy than currently used technologies while
maintaining or improving water recovery and reducing operating and capital costs. Pre-treatment requirements for
each desalination technology were also identified.

PROGRESS AND ACHIEVEMENTS
A total of 53 desalination technologies and 16 associated pre-treatment technologies were identified. Each
technology was examined in turn for its suitability for treating each type of water for entry into an OTSG based on
pre-defined water treatment goals. The water sources included two groundwater sources, OTSG blowdown, and
produced water. These water sources differ significantly in quality, temperature upon entry into the water treatment
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process, and other factors. In particular, the produced water and blowdown water are both high-temperature and
contain high concentrations of dissolved organics, which poses significant challenges for water treatment
technologies.

LESSONS LEARNED
The assessment concluded:
• there are several technologies which could be of interest for the groundwater sources;
•

all the identified membrane technologies probably require pre-treatment for organics and oil and gas; and

•

there are no current membrane technologies that can remove hardness and silica and tolerate oil and gas
at 90°C.

PRESENTATIONS AND PUBLICATIONS
No public presentations or publications.

RESEARCH TEAM AND COLLABORATORS
The research was conducted by internal COSIA members only and no external research bodies were enlisted.
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OLI Model for Lime Softener Operation
COSIA Project Number: WE0058, WE0020
Research Provider: OLI Systems Inc.
Industry Champion: Canadian Natural Resources Limited
Industry Collaborators: Suncor Energy, Imperial Oil
Status: Completed

PROJECT SUMMARY
Simulating lime softener operation is very challenging with the current OLI electrolyte simulation software since lime
softener reaction thermodynamics and MgO-Si surface complexation kinetics are not well understood. Also, the lime
softener simulation model needs an empirical component to account for the effect of contaminants including oil and
grease, organics, and any polymers that are added to improve the phase separation. In this project, a thermodynamic
and kinetic-based model was developed that included precipitation kinetics and surface complexation of lime
softening. The model parameters were refined based on lime softener operation data. This model would be very
useful for understanding the influence of various process parameters on lime softener performance and for
optimizing the process conditions and chemical addition to improve the operation.
With a successful lime softener model, the following benefits can be achieved:
• increased throughputs through lime softener, thus more recycled water means reduced waste water;
•

reduced chemical consumption, thus reducing cost and indirect greenhouse gas (GHG) emissions; and

•

reduced lime softener operation upsets, which increases efficiency and reduces waste water.

PROGRESS AND ACHIEVEMENTS
The study focus was to develop a better understanding of hardness and silica precipitation kinetics (solubility
principle), develop a hypothesis for MgO-SiO2 surface complexation reactions, and model these reactions for lime
softener operation. This would enable both thermodynamic and kinetic parameters to be established for the
simulation of the lime softener reactions and help to tune the model parameters based on the lime softener
operation data. The software OLI Flowsheet Electrolyte Simulation Program (OLI Flowsheet ESP) with the updated
database for lime softener reaction kinetic and surface complexation was used to simulate the lime softener
operation.
The project objectives were to:
• develop a lime softening private database (part of this work was completed under WE0020-Water
Treatment and OTSG Scaling Fundamentals);
•

develop a kinetic framework for slaking and silica removal;

•

tune the kinetics model; and

•

simulate individual plant lime softener operation.
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LESSONS LEARNED
Extensive data from Canadian Natural’s warm lime softener operation was used for the OLI modelling. Outcomes of
the study are listed below:
•

Modelling calcium hardness removal is more straightforward than modelling magnesium and silica removal.

•

Magnesium removal becomes a bit complex since MgOx is added to remove silica in the process.

•

Unlike calcium and magnesium hardness, silica removal does not follow precipitation kinetics. Instead, use
of the surface complexation mechanism is recommended.

•

MgO-SiO2 adsorption and precipitation steps include silica ionization, surface arrangement, surface
ionization, and surface complexation.

•

Dissolved calcium content prediction in the clarifier overflow matched within 15-20% with the actual
dissolved calcium values.

•

Dissolved silica content prediction in the clarifier overflow matched within 25-30% with the actual dissolved
silica values.

•

Dissolved magnesium values were significantly under-predicted (-80%) using the model. Higher prediction
errors associated with magnesium may be due to discrepancies in the model pH and actual pH values as
well as very low magnesium concentration levels.

More investigation is required to better match the model with actual values. This may include improving the data
quality from plant operation as well as modifying the modelling approach. Key considerations include:
•

Improve the current periodic slurry concentration measurement using the density-concentration profile.
The data used in the current model are based on the solid settling adjusted with chemical inventory, which
is a very unreliable method.

•

Establishing an online real-time lime and MgOx slurry injection measurement. Online nuclear densitometer
may provide accurate and real time data.

•

Conduct x-ray diffraction and x-ray energy dispersive spectroscopy to analyze the compounds in the sludge.
This will provide a better input for modelling.

•

Include boron in the model to match with alkalinity, which may also improve pH prediction.

•

Re-evaluate theoretical database, and/or combination of theoretical and empirical databases for silica
removal.

•

Retune the model to match with the lime softener operating data (i.e., better match pH, alkalinity, Ca, Mg
and silica).

PRESENTATIONS AND PUBLICATIONS
Conference Presentations/Posters
Peramanu, S. 2019. OLI Warm Lime Softening – Lime and MgOx Silicate Reactions Modelling, International
Association for the Properties of Water and Steam (IAPWS) Symposium Sep 29 – Oct 4, Banff, AB, Canada.
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Peramanu S, and Gerbino A.J., OLI Warm Lime Softening Simulation, OLI Systems Inc website posting Feb. 2020,
https://www.olisystems.com/warm-lime-softening

RESEARCH TEAM AND COLLABORATORS
Institution(s): OLI Systems Inc., Canadian Natural Resources Limited., Suncor Energy, Imperial Oil, CNOOC
International
Principal Investigator: A.J. Gerbino, PhD, VP Client Success, OLI Systems Inc.
Research Collaborators:

Name

Institution or Company

Peiming Wang
Andre Anderko

OLI Systems Inc.
OLI Systems Inc.

Pat McKenzie

OLI Systems Inc.

Subodh Peramanu
Basil Perdikakis
Mohammad F. Kabir
Elise Arseneau

Degree
or Job Title
Senior Scientist
Chief Technology Officer

VP Global Sales
Project Lead, Process and Technology
Canadian Natural Resources Limited
Specialist, P.Eng., PhD
Suncor Energy
Technology Advisor, P.Eng., PhD
Imperial Oil
Water Treatment SME, P.Eng., PhD
CNOOC International
Process Engineer, P.Eng.
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Seeded Slurry Evaporator Improvements
COSIA Project Number: WJ0059
Research Provider: Canadian Natural Resources Limited
Industry Champion: Canadian Natural Resources Limited
Industry Collaborators: Veolia
Status: Completed

PROJECT SUMMARY
Canadian Natural is the first COSIA member company to deploy and successfully operate seeded slurry evaporator
technology for SAGD water treatment. The technology was implemented at Kirby South SAGD facility, which has
operated since 2013. Sharing operating knowledge and details of equipment modifications with other COSIA
operators will enable these learnings to be applied in the early design stages to reduce the environmental footprint
and will help operators make better decisions regarding their water treatment technology selection.
Although traditional lime softeners make up 70-80% of the water treatment capacity for oil sands, there is increasing
interest in evaporators due to their ease of operation and higher produced water recycle rates. Evaporators also
enable the use of cost effective and high efficiency drum boilers because the boiler feed water quality from the
evaporator operation is significantly better than that offered by lime softener technology. Lime softening technology
also requires more chemicals, including lime, MgOx, and sometimes soda ash to precipitate hardness and silica. It
also requires flocculant and coagulant chemicals to help separate and settle the solids. Evaporators are easier to
control than warm lime softeners since the chemical dosage requirement is lower and any variation in the chemical
dosage is felt very quickly because of much lower residence time. Evaporators typically use mechanical vapour
recompression, which uses electrically driven compressors to drive the evaporation process and thus evaporators
tend to consume more electricity than lime softeners.
The Kirby South SAGD facility uses three seeded slurry evaporators to treat the produced water and produces 19,200
m3/day of distillate. The distillate feeds five forced circulation steam generators that are of drum boiler design with
a circulation pump. A second identical set of three evaporators has been in operation since mid-2019 at Kirby North
SAGD facility. Kirby South was the first commercial scale implementation of seeded slurry evaporator technology for
a full-scale SAGD plant. Considerable knowledge was gained on operating performance issues and constraints, which
enabled optimization of the operating conditions, chemical dosages, and equipment modification leading to
performance improvement. This project intended to capture the experience, learnings, and various modifications
and improvements made during the first few years of operation and share this information with COSIA members.
The seeded slurry evaporator technology is new to the industry and offers potential benefits of increased tolerance
to oil spikes and reduced fouling and scaling compared to high pH evaporators. Seeded slurry evaporators require
MgOx for scale control of hardness and silica. Anti-scale or dispersant is used for the pre-heater and anti-foam is
used to control the tendency to foam due to organics in the produced water. Although feed water upsets are felt
quickly in the evaporators due to lower residence time, with good operator response these upsets can be handled
with very little to no fouling of evaporators. Seeded slurry evaporators are better at handling oil upsets as the “seed”
acts to absorb oil and organics. However, if the oil content gets too high, foaming can result. Rates need to be
reduced until the foaming subsides, to prevent carrying the foam into the vapour washer. Seeded slurry evaporators
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are more tolerant to hardness in the feed, typically from make-up water sources, as the seed provides a surface for
precipitating hardness. To prevent pre-heater fouling due to hardness excursions the anti-scale dosage needs to be
increased.
Accumulation of solids on the brine distributor in the exchanger and mist eliminators in the vapour washer do
decrease throughput capacity and periodic outages are required. Solids that accumulate on the brine distributor as
well as any light scale on the tubes are removed during these outages through mechanical hydrocleaning. Removal
and replacement of chevrons and demisters is also done at that time. No chemical cleaning is used. The turnaround
typically takes ten days per evaporator. Time between outages has increased over the life of the plant with run times
up to 24 months depending on the throughput and feed water quality.
In addition, the blowdown from a seeded slurry evaporator does not require a chemical-type disposal water
treatment prior to disposal of the brine as the silica is already precipitated as MgO-SiO2 complex in the evaporator
operation. The only requirement is mechanical separation (through filtration or other) of the solids from the brine
prior to disposal.

PROGRESS AND ACHIEVEMENTS
The key modifications and upgrades identified by this project include:
• deaerator and feed header bypass installation to allow online cleaning of the deaerator and main feed
header, and evaporator feed header modifications to allow for easier clean-out;
•

new deaerator eductor installation on the manway for feed recycle and MgO injection for better mixing
and reduced plugging;

•

upsizing the vapour washer purge line during evaporator upsets to remove liquids being carried into the
vapour washer sump, and flow meter and control valve added for easy operation;

•

improvements in cleaning during turnaround; e.g., mechanically cleaning any solids accumulation with
hydraulic hose, and changing out the chevron vane packing and demister packing as opposed to cleaning in
place;

•

changing cavern injection pump style to downhole pump to reduce frequent replacement; and

•

installing vapour washer baffles to reduce solids build-up on the chevron vane packs.

LESSONS LEARNED
The information gathered and shared as part of this project helps the industry to:
• decide if this technology is suitable for the particular asset based on the regulations on water recycle and
disposal, make-up water and disposal zone availability, and electric power infrastructure;
•

understand and compare the environmental footprint of this technology with other technologies; and

•

implement the modifications in the early stage of the design to reduce the environmental footprint during
the operation.
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The project also showed that this technology combined with the modifications and improvements was easy to run;
suitable for addressing oil upsets (although prolonged oil upsets can lead to foaming which may require rate cuts);
and suitable for addressing hardness upsets (although pre-heater scaling issues need to be dealt with during the
upsets). Chemical cleaning is generally not required for seeded slurry evaporator and the treated water is of a higher
quality that can be used with drum boilers.

PRESENTATIONS AND PUBLICATIONS
No public presentations or publications.

RESEARCH TEAM AND COLLABORATORS
Institutions: Canadian Natural Resources Limited, Veolia
Principal Investigator: Nick Zukiwski, P.Eng., Facility Engineer, Canadian Natural Resources Limited
Research Collaborators:
Name

Mark Nicholson
Steve Michaluk

Institution or Company

Veolia
Veolia
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Business Development Manager
Sr. Sales Manager
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De-Oiling of Produced Water with Membranes
COSIA Project Number: WJ0097
Research Provider: Imperial Oil Resources Limited
Industry Champion: Imperial Oil Resources Limited
Industry Collaborators: None
Status: Completed

PROJECT SUMMARY
Prior to entry into a steam generator at a cyclic steam stimulation (CSS) or a steam assisted gravity drainage (SAGD)
facility, produced water must go through a de-oiling process to remove suspended oil. De-oiling is commonly
accomplished via gravity separation using a skim tank followed by induced gas floatation (IGF), induced static
floatation (ISF) or oil recovery filters (ORF). IGF or ISF separates oil from water by injecting small gas bubbles to
attract the hydrophobic oil and lift it to the water surface where the oil can be skimmed off. The recovered wet oil
from IGF or ISF is sent to a free-water knockout (FWKO) inlet stream to further recover water while the de-oiled
produced water is treated to be used for steam generation.
In an effort to adopt advanced technology for water treatment, Imperial previously conducted laboratory-based
research and pilot studies in 1988-1989 and tested the potential use of ceramic and polymeric membranes for deoiling of produced water. The objective of the study was to investigate and develop crossflow filtration processes
employing membranes which could be used for filtering out suspended oil at Imperial’s Cold Lake Operations. The
crossflow filtration system was selected because it functions continuously and does not require off-line cleaning as
does a throughflow system. Laboratory studies using ceramic and polymeric membranes were first completed and
then followed by a pilot test of ceramic membrane for six months. The ceramic membrane was tested at higher
temperature (90⁰C).
The ceramic membrane used in the lab experiments was made of alumina and had a membrane surface area of
0.0165 m2. Feed conditions employed were 1.6–8.2 m/s linear flow velocity, 5-60 psi pressure, and 20-70⁰C
temperature. For pilot testing, a total membrane surface area of 0.42 m2 was used, with the process flows essentially
identical to that of the lab experiments. Similar process flows were used for testing the polymeric membrane and
the ceramic membrane. The ceramic membrane pilot unit was tested with raw produced water emulsions at 90⁰C
ahead of a skim tank at one of the plants at Cold Lake Operations. For the lab experiments using polymeric
membranes, a “round cell” unit was constructed to screen a variety of polymeric membrane samples for applicability
in de-oiling produced water from a conventional oil field at temperature below 60⁰C. For the pilot tests, target flux
rates for viable economics were: 40 m3/m2/d at 690 KPa and 140°C and 20 m3/m2/d at 690 KPa and 90°C.
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PROGRESS AND ACHIEVEMENTS
Acceptable oil removal was achieved with both polymeric and ceramic membranes. It was demonstrated that a
process with membranes could consistently de-oil produced waters containing up to 5% conventional crude or oil
sands bitumen, yielding a product with less than 10 ppm oil in water.
A feature of both polymeric and ceramic membranes was that the flux (that is, the throughput of purified water
through the membrane) was adversely affected by silica and polar hydrocarbon components in the feed such that
flux declined rapidly over a short period of time. This decline has been shown to be due to a sequence of fouling
mechanisms, and some progress was made in overcoming this phenomenon by operating under carefully controlled
conditions of pressure and flow with specific cleaning procedures. Further research is necessary to overcome the
flux decline due to fouling contamination of the membrane surface in both polymeric and ceramic membranes.

LESSONS LEARNED
•
•

•
•

Flux declined in a similar manner in both laboratory and pilot studies.
Membrane fouling with oil and silica was the main cause of flux decline. The decline could be managed by
cleaning the membrane or changing operational conditions:
o Fouling severity was reduced when operating at constant flux mode versus constant feed pressure
mode.
o Steam backwash cleaning removed fouling effectively, but care must be taken to avoid membrane
disintegration.
Micro-organism growth was an issue during pilot operation – biocide injection was necessary.
Further development and operational optimization of membrane technology was required to make it
economically viable for application in oil sands in situ de-oiling process.

PRESENTATIONS AND PUBLICATIONS
No public presentations or publications.

RESEARCH TEAM AND COLLABORATORS
The research was conducted by Imperial Oil Resources Limited and no external research bodies were enlisted.
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Horizontal Evaporator Mini-Pilot
COSIA Project Number: WJ0108
Research Provider: IDE Technologies, InnoTech Alberta (formerly Alberta Innovates Technology Futures)
Industry Champion: Canadian Natural Resources Limited
Industry Collaborators: None
Status: Completed

PROJECT SUMMARY
This project was a small-scale off-site evaluation of a horizontal falling film evaporator manufactured by IDE
Technologies. This evaporator design offers the promise of potential energy savings, lower installed costs, and
improved maintainability compared to the evaporator designs that are operating in the in situ oil sands industry
today. The pilot was hosted at the Alberta Innovates Technology Futures (now InnoTech Alberta) facility in
Edmonton, AB. The pilot unit, provided by IDE, was sized to produce 0.75 tonnes/day of distillate. Once Through
Steam Generator (OTSG) blowdown water from the Jackfish 1 SAGD facility (previously operated by Devon Canada
and now operated by Canadian Natural) was used as feed for the evaporator.
The objectives of the project were to:
• show proof of concept of IDE’s horizontal falling film evaporator;
•

demonstrate a reliable continuous operation;

•

establish optimum system design, recovery rate and operating conditions;

•

set the chemical dosing regime; and

•

optimize scaling, fouling mitigation, and cleaning methods and technologies.

A 30-day test run was planned where the operation of the pilot unit would be maintained at a target pH and
temperature. A heat transfer coefficient of 70% or greater at the end of that 30-day run was identified as a key
measure of success. That was deemed to be the key criterion for determining reliable continuous operation.
The data collection program for the pilot included:
• chemical analysis of feed, distillate and evaporator blowdown;
•

solids analysis of evaporator blowdown;

•

data collected from online instrumentation and control system; and

•

process inspection via observation windows.
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PROGRESS AND ACHIEVEMENTS
Although the first attempt failed, ultimately a successful 30-day run was achieved. An equipment failure during the
first run led to a drop in pH that coincided with a drop in heat transfer coefficient. It was suspected that the drop in
pH lead to a silica scaling event which then affected the heat transfer coefficient. The tube bundle was cleaned and
reassembled in the unit and the test run restarted.
The second test run succeeded and a 30-day run was successful with the heat transfer coefficient above 70% after
30 days. Temperature of the feed during the run was 15⁰C, the pH was maintained between 11.5 and 12.0, and the
recovery was 80%. It should be noted that in existing commercial evaporator operations in the industry a 10% drop
in heat transfer coefficient over a period of 30 days is more typical, however a 30% drop for the pilot unit was
deemed acceptable as a measure of success for the pilot. The average distillate quality is shown in the table below.
Specific distillate targets were not set.
Average Distillate Quality
Parameter
Total Suspended Solids (TSS)
Total Organic Carbon (TOC)
Silica (as SiO2)
Calcium
Magnesium
Alkalinity
Total Dissolved Solids (TDS)

Value
< 0.1 ppm
10 – 20 ppm
0.5 – 0.6 ppm
0.04 ppm
< 0.01 ppm
3.0 – 6.0 ppm
5 – 10 ppm

The chemical dosing regime is key to operation of an evaporator in this application. Establishing the chemical dosing
regime in this pilot was essential to achieving reliable continuous operation, but it was an objective on its own. The
dosing range of the different chemicals used during the successful 30-day run is shown in the table below.
Chemical Dosing
Chemical
NaOH 97%
Oil and grease dispersant
Chelating agent (EDTA based)
Anti-foam
Antiscalant

Dosing Range (ppm)
700 – 800 ppm
100 – 110 ppm
155 ppm
40 – 50 ppm
10 – 17 ppm

Functionality
pH elevation (keep silica soluble)
Fouling prevention
Keep calcium soluble
Prevent foaming
Prevent hardness scaling

Given how the first run ended, silica scale was expected to be a significant component of the scaling, and the cleaning
method was selected to target that type of scale. The cleaning steps included an ultrasonic cleaning bath, application
of a solvent/surfactant-based degreaser, application of acid-based cleaners, and the use of a pressurized water
spray. The design of this evaporator for both the pilot and commercial scale allows the removal of the tube bundle
for cleaning. In addition to the visual confirmation, the cleaning was deemed successful based on the heat transfer
coefficient when the bundle was returned to service. The heat transfer coefficient was within 1.5% of the heat
transfer coefficient at the beginning of the first run.
The tube bundle was cleaned after the second 30-day run as well. The scaling of the tubes was visually different from
the first run. The tubes were black and organic fouling was expected to be a significant component of the scaling.
The cleaning method employed included a water bath, the same solvent/surfactant-based degreaser, potassium
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hydroxide, and a pressurized water spray. The water and chemicals were all heated to approach 70⁰C. The tube
bundle wasn’t returned to service so the use of heat transfer coefficient to measure success was not an option.
However, visually, the cleaning method employed appeared successful.

LESSONS LEARNED
The pilot was a successful proof of concept for IDE’s horizontal falling film evaporator. The pilot met the criterion
that was identified for reliable continuous operation and, at the same time, established suitable system design and
operating parameters, chemical dosing, and cleaning methods. However, design and operating parameters, chemical
dosing, and cleaning methods would not be considered optimized. Optimization would come only with longer
operating periods and larger-scale equipment.
The information that this pilot could not provide, given the limitations of the pilot equipment, was the energy
efficiency of the design. This horizontal falling film evaporator design offers the potential for reduced energy
consumption compared with the vertical falling film evaporators that are used in the industry today. However, the
energy consumption of the pilot does not reflect what could be expected for energy consumption in a commercialscale application due to differences in design and operation. The differences noted between the pilot unit and a
commercial-scale evaporator include:
• the surface area to volume was higher for the pilot unit, causing intensified heat loss;
•

auxiliary systems (pumps, compressors, etc.) were low efficiency; and

•

temperature of the feed for the pilot was 15⁰C versus 85⁰C or higher in a commercial application.

PRESENTATIONS AND PUBLICATIONS
Conference Presentations/Posters
Krenkel, H., and Zaken, R. 2014. Horizontal Falling Film Evaporator SAGD Pilot Program. Presented at Canada’s Oil
Sands Innovation Alliance (COSIA) Oil Sands Water Conference, March 11-13, Edmonton, AB, Canada.
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