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ABSTRACT
Remediation professionals need some basic information to develop a remediation strategy,
implementation plan and schedule, and cost estimate. The information needs include an
understanding of: the current and proposed land use; the compounds of potential concern
(COPCs); the natural levels and variability of COPCs in the environment; and, the guidelines
(endpoints) to be applied.
It is assumed that oil sands process-affected water and contaminated soils arising from mineable
oil sands development may eventually require remediation. While we have a reasonably good
understanding of the proposed land use (a self-sustaining, locally-common boreal forest), there is
some uncertainty about the COPCs and considerable uncertainty around the endpoints to be used.
Notwithstanding this uncertainty there has been considerable work undertaken to develop
remediation options, especially for oil sands process-affected water. Additional work has been
done to characterize the natural levels in the environment of some COPCs, and to monitor and
model fate and behaviour some COPCs.
This paper will review some of the reasons for, and issues arising from, the uncertainty around
COPCs and endpoints. The conclusion from this review is that remediation professionals,
regulators, industry and stakeholders must begin discussions to resolve the uncertainty so that
appropriate guidelines can be set and research and demonstration efforts can be better focused on
solving the “real” problem.
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INTRODUCTION

It is assumed that oil sands process-affected water may eventually require some form and level
of remediation to allow for release to the natural environment, specifically the Athabasca River
(Oil Sands Water Release Technical Working Group 1996). Similarly, it is assumed that some
form and level of remediation will be required for contaminated soils arising from oil sands
processing, at the very least on the plant site area, to allow for subsequent reclamation (Morton et
al. 2011).
Although there has been considerable effort into developing remediation options and techniques,
especially for process-affected water, this work has been done in the absence of any clear agreed
upon remediation guidelines (endpoints). While this research may assist in development of
appropriate remediation guidelines, there is considerable risk that the work may not be as
effective as it would be if there were clearly defined and accepted end points. In the worst case,
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erroneous conclusions and recommendations may lead to unwise investments in technologybased solutions and wasted time, effort and resources.
This paper focuses on remediation related to mineable oil sands developments. Some of the
issues may also apply to in-situ developments, however the current approach to applying the
Upstream Oil and Gas Reclamation and Remediation Program principles to in-situ sites may
provide more certainty surrounding remediation guidelines (Alberta Environment and
Sustainable Resource Development n.d. (a)).
1.1

Terminology

For the purposes of this paper we have adopted the following definitions. That there may be
very different interpretations of these terms amongst parties interested in the subject of oil sands
remediation. When embarking on any discussions about guidelines, policies, research or
demonstrations it is therefore imperative to develop a common set of terminology to avoid
misunderstandings.
Guideline – A numerical concentration or narrative statement recommended to support and
maintain a designated use. Guidelines are formally adopted as regulatory tools by provincial
and/or federal government. The Alberta Tier 1 Soil and Groundwater Remediation Guidelines
are an example (Alberta Environment 2010a). In this paper, the term endpoint is synonymous
with guideline.
Remediation – The removal, reduction, or neutralization of substances, wastes or hazardous
material from a site so as to prevent or minimize any adverse effects on the environment now or
in the future. Remediation may include: source removal, physical removal of contaminated
groundwater and/or soil, natural attenuation, degradation by micro-organisms or neutralization
with chemicals that react with the contaminants to form benign substances (Alberta Environment
and Sustainable Resource Development n.d. (b)). In this paper the term treatment is
synonymous with remediation, however some parties make a strong distinction between the two
terms, particularly when it comes to process-affected water and oil sands tailings. One of the
reasons for making this distinction is the belief that remediation implies an environmental
problem that requires correction while treatment implies proactive efforts to prevent a problem.
Tier 1 Guidelines – the Alberta Tier 1 Soil and Groundwater Remediation Guidelines (Alberta
Environment 2010a).
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BASIC REQUIREMENTS FOR A REMEDIATION PLAN

Remediation professionals need some basic information to develop a remediation strategy,
implementation plan and schedule, and cost estimate. The information needs include an
understanding of: the current and proposed land use; the compounds of potential concern
(COPCs); the natural levels and variability of COPCs in the environment; and, the guidelines
(endpoints) to be applied.
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2.1

What is the Problem?

Before getting into the details of a remediation plan we first have to decide if there is problem
that requires remediation and, if so, we need to clearly define the problem. Given all of the
negative press surrounding oil sands, and more specifically tailings and process-affected water, it
may seem obvious that remediation will be required. However, for a variety of reasons, some of
which are described in section 4, this should not be taken as a consensus view and will require
discussion.
Any discussion of the need for remediation immediately generates a chicken-and-egg debate –
without guidelines you can’t pinpoint the problem and if you don’t believe there is a problem
there is no need for guidelines. The best place to start the discussion about whether or not
remediation is required is found in the definition of remediation in section 1.1: so as to prevent
or minimize any adverse effects on the environment now or in the future. Will one or more of the
Compounds of Potential Concern (COPC) cause an adverse effect on the environment? If so,
some form of remediation will be required to prevent or minimize the effect. If a guideline exists
for the COPC then we can develop a plan to meet the guideline. If no guideline exists we can
search for an appropriate (and agreed upon) surrogate and use that to develop the plan. Failing
either of these approaches, we need to develop a guideline for the COPC.

2.2

Land Use

The reclamation objective for oil sands mines is described in the Environmental Protection and
Enhancement Act approvals as (Alberta Environment 2011a, s. 6.2.1, Total E&P Canada Ltd.
Joslyn North – emphasis added):
The approval holder shall reclaim the land so that the reclaimed soils and landforms are
capable of supporting self-sustaining, locally common boreal forest ecosystems,
regardless of the end land use.
The Tier 1 Guidelines define five generic land uses that determine the applicable the numeric
values to use (Alberta Environment 2010a, s. 3.2): natural areas, agricultural, residential/
parkland, commercial and industrial. The Guidelines indicate that forested land will fall into the
natural areas class. However it is also reasonable to assume that there may be recreational use of
reclaimed lands (Greystone and Westwind Resources Group Ltd. 2003) and therefore the
residential/parkland class may apply. One cannot rule out the potential for commercial or
industrial use of land for small areas such as the plant sites as well (Jones and Forrest 2010);
however the reclamation objective noted above would seem to suggest application of the natural
areas guidelines should be used regardless of the end land use.
Therefore one of the initial points of discussion will be to agree upon the appropriate land use to
apply. In any case, care will be required to ensure that Aboriginal traditional use of the
reclaimed land, regardless of the assigned class, is considered in establishing the appropriate
guideline (Buffalo et al. 2011).
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2.3

Compounds of Potential Concern (COPCs)

Once we know the land use we need to know which Compounds of Potential Concern (COPC)
we are remediating. Characterization of oil sands tailings (e.g., BGC Engineering Inc. 2010),
process-affected water (e.g., Allen 2008a) and overburden (e.g., Devenny 2010) suggest that the
principle COPCs are likely be hydrocarbons (e.g., Thomas 2011), salts (e.g., Kessler et al. 2010)
and metals (e.g., Mahdavi et al. 2012).
One group of hydrocarbons that have received considerable attention is naphthenic acids
(e.g., Eickhoff et al. 2010), although there is lively debate on what exactly is encompassed by
this label. Fedorak et al. (2010) have recommended adopting a new term – oil sands tailings
water acid-extractable organics – to distinguish these compounds from traditional naphthenic
acids. The debate and related uncertainty creates considerable difficulty in determining what
COPC will require a guideline and how one would establish agreed upon measurement
techniques to develop remediation plans and prove compliance.

2.4

COPCs in the Environment

One option for remediation in Alberta is to modify the Tier 1 Guidelines by accounting for
natural background levels of the Compound of Potential Concern (Alberta Environment 2010b).
Research and characterization work has been done to understand naturally occurring levels of
hydrocarbons (e.g., Fleming et al. 2012, Leskiw 2005, RAMP 2011 Implementation Team 2012,
Visser 2008), salts (e.g., Close et al. 2007, Lieffers 1984, Purdy et al. 2005) and metals (e.g.,
Allan and Jackson 1977, Lutz and Hendzel 1977).
The data arising from this work will need to be factored in to development of remediation plans
and may help to focus efforts in developing guidelines for COPCs such as oil sands tailings
water acid-extractable organics.

2.5

Applicable Guidelines

Once we know what COPCs are an issue we can look to existing guidelines to determine what
the endpoints for the remediation plan will be. Guo (2010), for example, has provided analytical
results for process-affected water and compared them to a variety of guidelines. Western
Resource Solutions (2003) reviewed potential water quality guideline values for chemicals of
concern in the lower Athabasca River.
Intuitively, given the likely COPCs, province-wide guidelines issued by Alberta Environment
and Sustainable Resource Development such as the Tier 1 or 2 Guidelines (Alberta Environment
2010 a,b) and the Salt Contamination Assessment & Remediation Guidelines (Alberta
Environment 2001) should be applicable to the mineable oil sands. However this belief may not
be universally held and thus will require dialog between government, industry and stakeholders.
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Given the extensive interest in oil sands tailings water acid-extractable organics, and their
uniqueness to the sector, it seems likely that one or more guideline values specific to the
mineable oil sands may be required to supplement the Tier 1 Guidelines (Gosselin et al. 2010).

RESEARCH
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Notwithstanding the uncertainty around applicable guidelines there has been considerable work
undertaken to develop remediation options, especially for oil sands process-affected water.
Additional work has been done to:

3.1

•

develop analytical methods for oil sands tailings water acid-extractable organics

•

characterize the natural levels in the environment of some COPCs (see section 2.5)

•

monitor and model fate and behaviour some COPCs, and

•

assess environmental effects and toxicity of various COPCs.

Treating Process-Affected Water

Significant effort is devoted to identifying technologies, or suites of technologies, that can be
used to treat (remediate) process-affected water (e.g., Allen 2008b, Guo 2010, Sobkowicz 2012).
The two primary goals for this work are: to ensure the appropriate water quality is available for
use in the extraction or utilities plants; and, to provide water of sufficient quality that it could be
discharged to the environment. Work has focused on removing suspended sediments (fine
tailings) through use of filters (e.g., Banerjee 1984, Peng et al. 2004) and various additives such
as polymers (e.g., Alamgir 2011, Wang 2011), removing toxicity (e.g., Liang et al. 2011, Small
et al. 2012) and harnessing biological processes in-situ in tailings ponds (e.g., Quagraine et al.
2005), in wetlands and water bodies (e.g., Armstrong et al. 2009, Bishay 1998, Headley et al.
2010) or through use of bioreactors (e.g., Huang 2011).

3.2

Analytical Methods

Considerable effort has been made to develop more precise analytical tools to better characterize
the suite of chemicals in oil sands tailings water acid-extractable organics (e.g., Zhao et al.
2012). Work has also been done to develop field-based sensors (e.g., Taschuk et al. 2010).
Improved characterization will set the stage for additional work to determine the fractions that
are creating adverse effects and therefore help direct researchers to appropriate remediation
strategies.
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3.3

Monitoring and Modelling

Efforts to understand the fate and behaviour of COPCs, especially oil sands tailings water acidextractable organics, will support development of appropriate remediation guidelines
(e.g., Armstrong et al. 2009, Clemente and Fedorak 2005, Eickhoff et al. 2010, Gane et al. 2011).
Monitoring and modelling work, focused on understanding how and where COPCs may move,
will also help (e.g., Evans and Talbot 2012, Frank et al. 2010, Gibson et al. 2011, Hunter 2001,
Tompkins 2009).

3.4

Environmental Effects and Toxicity

A number of studies have evaluated the environmental effects and toxicity of COPCs (e.g., CruzMartinez and Smits 2012, Gentes et al. 2007, Gupta 2009, Rogers 2003, Sprague et al. 1978,
Verbeek 1994, Warith 1983). Nelson et al. (1993) described the role of toxicity testing in the
evaluation of reclamation options. These studies can help inform guidelines development by
identifying adverse effects levels.
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WHAT IS HOLDING US BACK?

Oil sands have been mined and processed for 45 years so why is there any lack of clarity on the
guidelines that would be applicable for remediation? As noted below, there are several reasons
for this. Notwithstanding the merits of these reasons, deferral of the discussions necessary to set
out the remediation guidelines is simply postponing the inevitable. The worst thing that could
happen would be to wait until there is an application made to discharge process-affected water
and then have to scramble to set guidelines.
Far Future Problem
For most of the last 45 years it has been assumed that any remediation arising from plant site
decommissioning or discharge of process-affected waters would not happen for many years and
therefore effort should be spent on more immediate issues. Notwithstanding the closure and
reclamation of Suncor’s Pond 1A (now called Wapisiw Lookout), the industry’s first tailings
pond (Christian 2011), the closure of plant sites is still deemed to be a far future activity (Morton
et al. 2011).
However it is interesting to note that:
•

In 1968, government entertained a request from Suncor (then Great Canadian Oil
Sands) to discharge tailings pond water to the Athabasca River (Alberta Health,
Environmental Health Services Division 1968); and

•

In 1996, government and industry developed a document outlining the scope of work
needed to evaluate the acceptability of releasing process-affected waters to the
environment in recognition that applications for release would eventually be
submitted (Oil Sands Water Release Technical Working Group 1996).
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Don’t Want to be First
There is understandable reluctance to be the first to propose an action (e.g., an application for
discharge of process-affected water) that would start the discussions necessary to identify the
application of existing guidelines or to develop new guidelines.
Zero Discharge Policy
There is a wide-spread belief in the existence of a government policy for zero discharge of
process-affected water from oil sands sites. Whether or not such a policy exists 1, the mere fact
that people believe one does is potentially hindering consideration of options.
Guidelines Already Known – No They Aren’t
Some people believe the existing province-wide guidelines apply and therefore there is no need
for a discussion.
Others believe the province-wide guidelines don’t apply because oil sands are a special case and,
since everyone would see that, there is no need for a discussion.
Don’t Want to Know What the Guidelines Might Be
Clarity on the applicable guidelines would potentially confirm contamination exists and must be
addressed, start to narrow the potential options to address contamination, and set the stage for
better delineation of financial liabilities that would have to be reflected in financial statements
(Schneider 2010) and reclamation security estimates (Alberta Environment 2011b).
Natural Remediation
If degradation of COPCs below levels that cause an adverse effect will occur without aggressive
intervention no remediation will be required. Early work in the 1980s showed that processaffected waters would degrade over one to five years once the ongoing inputs of fresh tailings
was stopped (e.g., Boerger 1985, MacKinnon and Boerger 1986). Other work has focused on the
microbially-mediated degradation of hydrocarbons in the tailings ponds (e.g., Herman et al.
1993, Siddique et al. 2006) and the receiving environment (e.g., Biryukova et al. 2007, Headley
et al. 2002).

1

For the record, the authors believe that there is no formal government zero-discharge policy.
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Remediation Plans Provided by Regulator
One could argue that the regulator has already identified the appropriate remediation technology
to be applied for oil sands mined land and therefore there is no need for guidelines. For example,
the Total Joslyn North approval provides the following direction for a variety of substrates, some
of which could reasonably be expected to contain COPCs (Alberta Environment 2011a, s. 6.3.7):
The approval holder shall cap the following materials and locations with a minimum
average depth of 1.0 m of tailings sand or suitable overburden prior to placement of
reclamation material as per subsections 6.3.8 through 6.3.14, unless otherwise authorized
in writing by the Director:
a) impervious conditions such as rock;
b) lean oil sand;
c) reject from the oil sands conditioning and transport system;
d) dried fine tailings;
e) thickened tailings;
f) froth treatment tailings;
g) clearwater overburden; and
h) the processing plant areas.
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CONCLUSIONS

There is currently a lack of clarity on the remediation guidelines that should be applied to
mineable oil sands developments. Deferral of the discussions necessary to set out the
remediation guidelines is simply postponing the inevitable. Given the extensive interest in oil
sands tailings water acid-extractable organics, and their uniqueness to the sector, it seems likely
that one or more guideline values specific to the mineable oil sands may be required to
supplement the Tier 1 Guidelines.
The worst thing that could happen would be to wait until there is an application made to
discharge process-affected water and then have to scramble to set guidelines.
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A PATH FORWARD

What is evident from the above discussion is that it is time to begin the discussions on the
policies and guidelines that will apply to oil sands mining and processing operations. This will
not be an easy task nor will it be quick. However the task is made somewhat simpler because of
the extensive preliminary work that has already been done in the areas of COPC characterization,
background levels, analytical methods, toxicity and environmental effects, and treatment
methods and efficacy.
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It is recommended that an umbrella government/industry Steering Committee be struck to
develop oil sands remediation guidelines and/or confirm the applicability of existing guidelines.
The Steering Committee would oversee the technical work of government/industry/academia/
stakeholder subcommittees dealing with soil remediation guidelines and process-affected water
remediation guidelines. An initial step could be a workshop to surface issues, knowledge, gaps
and recommendations. The workshop could also help identify key players to populate the
technical subcommittees.
Once the guidelines are developed they should be communicated broadly to inform stakeholders
and demonstrate that the regulators and industry are addressing this key environmental issue.
This work could also be informed by, and help inform, the federal/provincial regional monitoring
program (Government of Canada and Government of Alberta 2012).

7

REFERENCES

The references for this paper were found using the Oil Sands Environmental Management
Bibliography (http://osemb.cemaonline.ca/rrdcSearch.aspx), a collaborative effort of the
Cumulative Environmental Management Association and the Oil Sands Research and
Information Network.

Alamgir, A., 2011. Al-PAM assisted filtration of mature fine tailings from oil sands
developments. University of Alberta, Department of Chemical and materials Engineering,
Edmonton, Alberta. M.Sc. Thesis. 67 pp. http://hdl.handle.net/10048/2291 [Last accessed
August 10, 2012].
Alberta Environment, n.d. (a). Upstream Oil and Gas Reclamation and Remediation Program.
http://environment.alberta.ca/01108.html [Last accessed August 10, 2012].
Alberta Environment, n.d. (b). Remediation. http://environment.alberta.ca/01910.html [Last
accessed August 10, 2012].
Alberta Environment, 2001. Salt contamination assessment & remediation guidelines. Alberta
Environment, Environmental Sciences Division, Edmonton, Alberta. Pub. No. T/606. 88 pp.
http://environment.gov.ab.ca/info/library/6144.pdf [Last accessed August 10, 2012].
Alberta Environment, 2010a. Alberta tier 1 soil and groundwater remediation guidelines.
Alberta Environment, Edmonton, Alberta. 204 pp.
http://environment.gov.ab.ca/info/library/7751.pdf [Last accessed August 10, 2012].
Alberta Environment, 2010b. Alberta tier 2 soil and groundwater remediation guidelines.
Alberta Environment, Edmonton, Alberta. 159 pp.
http://environment.gov.ab.ca/info/library/7752.pdf [Last accessed August 10, 2012].

9

Alberta Environment, 2011a. Total E&P Canada Ltd. Joslyn North Oil Sands Processing Plant
and associated Mines (Leases 24, 452 and 799). 75 pp.
http://envext02.env.gov.ab.ca/pdf/00228044-00-00.pdf [Last accessed August 10, 2012].
Alberta Environment, 2011b. Guide to the Mine Financial Security Program. Alberta
Environment, Edmonton, Alberta. 62 pp.
http://environment.alberta.ca/documents/MFSP_Guide_-_2011_03_30.pdf [Last accessed
August 10, 2012].
Alberta Health, Environmental Health Services Division, 1968. Preliminary compatibility
studies of G.C.O.S. sand tailings pond water with Athabasca River. Alberta Health,
Environmental Health Services Division, Edmonton, Alberta. 3 pp. plus appendix.
Allan, R.J. and T. Jackson, 1977. Heavy metal dynamics in the Athabasca River: Sediment
concentrations prior to major Alberta oil sands development. Alberta Oil Sands Environmental
Research Program, Edmonton, Alberta. 33 pp. http://hdl.handle.net/10402/era.23055 [Last
accessed August 10, 2012].
Allen, E.W., 2008a. Process water treatment in Canada’s oil sands industry: I. Target pollutants
and treatment objectives. Journal of Environmental Engineering and Science 7: 123-138.
Allen, E.W., 2008b. Process water treatment in Canada’s oil sands industry: II. A review of
emerging technologies. Journal of Environmental Engineering and Science 7(5) 499-524.
Armstrong, S.A., J.V. Headley, K.M. Peru and J.J. Germida, 2009. Differences in phytotoxicity
and dissipation between ionized and nonionized oil sands naphthenic acids in wetland plants.
Environmental Toxicology and Chemistry 28(10): 2167-2174.
Banerjee, A., 1984. Treatment of oil sands industry waste water using reverse osmosis
membranes. University of Calgary, Department of Chemical and Petroleum Engineering,
Calgary, Alberta. M.Sc. Thesis. 153 pp.
BGC Engineering Inc., 2010. Oil sands tailings technology review. Oil Sands Research and
Information Network, University of Alberta, School of Energy and the Environment, Edmonton,
Alberta. OSRIN Report No. TR-1. 136 pp. http://hdl.handle.net/10402/era.17555 [Last
accessed August 10, 2012].
Biryukova, O.V., P.M. Fedorak and S.A. Quideau, 2007. Biodegradation of naphthenic acids by
rhizosphere microorganisms. Chemosphere 67(10): 2058-2064.
Bishay, F.S., 1998. The use of constructed wetlands to treat oil sands wastewater, Fort
McMurray, Alberta, Canada. University of Alberta, Department of Biological Sciences,
Edmonton, Alberta. M.Sc. Thesis. 149 pp. http://www.nlcbnc.ca/obj/s4/f2/dsk2/tape17/PQDD_0014/MQ28917.pdf [Last accessed August 10, 2012].
Boerger, H., 1985. The role of natural processes in detoxification of oil sands tailings water 1984 progress report. Syncrude Canada Ltd., Edmonton, Alberta. 92 pp.
Buffalo, K., C.E. Jones, J.C. Errington and M.I.A. MacLean, 2011. Fort McKay First Nation's
involvement in reclamation of Alberta's oil sands development. IN: Mine Closure 2011. Fourie,
10

A., M. Tibbett and A. Beersing (Eds.). Proceedings of the Sixth International Conference on
Mine Closure, September 18-21, 2011, Lake Louise, Alberta. Australian Centre for
Geomechanics, Nedlands, Western Australia. Volume 1: Mine Site Reclamation. pp. 255-261.
Christian, C., 2011. Suncor awarded for tailings reduction, site reclamation. Fort McMurray
Today, March 25, 2011.
http://www.fortmcmurraytoday.com/ArticleDisplay.aspx?e=3051768&archive=true [Last
accessed August 10, 2012].
Clemente, J.S. and P.M. Fedorak, 2005. A review of the occurrence, analyses, toxicity, and
biodegradation of naphthenic acids. Chemosphere 60(5): 585-600.
Close, E.B., B.G. Purdy, S.E. Macdonald and S.X. Chang, 2007. Forest productivity in naturally
saline landscapes of Alberta’s boreal forest. Cumulative Environmental Management
Association, Fort McMurray, Alberta. CEMA Contract No. 2005-0016 RWG. 113 pp.
Cruz-Martinez, L. and J.E.G. Smits, 2012. Potential to use animals as monitors of ecosystem
health in the oil sands region. Oil Sands Research and Information Network, University of
Alberta, School of Energy and the Environment, Edmonton, Alberta. OSRIN Report No. TR-18.
52 pp. http://hdl.handle.net/10402/era.25417 [Last accessed August 10, 2012].
Devenny, D.W., 2010. A screening study of oil sands tailings technologies and practices. Part B
- Overview of oil sand tailings. Alberta Energy Research Institute, Edmonton, Alberta. 66 pp.
plus appendices.
http://extranet.aet.alberta.ca/SIIS.Public/EIPA/Download.aspx?DocumentElementId=66356
[Last accessed August 10, 2012].
Eickhoff, E., P. Heaton, R. Vermeersch, J. Laroulandie, J. Keating, P. Howes and B. Chubb,
2010. A review of the nature of naphthenic acid occurrence, toxicity, and fate in refinery and oil
sands extraction wastewaters. IN: Proceedings of the Second International Oil Sands Tailings
Conference. Sego, D. and N. Beier (Eds.). December 5-8, 2010, Edmonton, Alberta. University
of Alberta, Geotechnical Center and Oil Sands Tailing Research Facility, Edmonton, Alberta.
pp. 185-196.
Evans, M.S. and A. Talbot, 2012. Investigations of mercury concentrations in walleye and other
fish in the Athabasca River ecosystem with increasing oil sands developments. Journal of
Environmental Monitoring 14(7): 1989-2003.
Fedorak, P.M., D.M. Grewer, R.F. Young and R. Whittal, 2010. Are "naphthenic acids" from oil
sands tailings waters really naphthenic acids? IN: Proceedings of the Second International Oil
Sands Tailings Conference. Sego, D. and N. Beier (Eds.). December 5-8, 2010, Edmonton,
Alberta. University of Alberta, Geotechnical Center and Oil Sands Tailing Research Facility,
Edmonton, Alberta. pp. 197-203.
Fleming, M., I. Fleming, J. Headley, J. Du and K. Peru, 2012. Surficial bitumen in the Athabasca
oil sands region, Alberta, Canada. International Journal of Mining, Reclamation and
Environment 26(2): 134-147.
11

Frank, R.A., H. Sanderson, R. Kavanagh, B.K. Burnison, J. Headley and K. Solomon, 2010. Use
of a (quantitative) structure-activity relationship [(Q)SAR] model to predict the toxicity of
naphthenic acids. Journal of Toxicology and Environmental Health Part A 73(4): 319-329.
Gane, F., C. Andre, M. Douville, A. Talbot, J. Parrott, M. McMaster and M. Hewitt, 2011. An
examination of the toxic properties of water extracts in the vicinity of an oil sand extraction site.
Journal of Environmental Monitoring 13(11): 3075-3086.
Gentes, M-L., C. Waldner, Z. Papp and J.E.G. Smits, 2007. Effects of exposure to naphthenic
acids in tree swallows (Tachycineta bicolor) on the Athabasca oil sands, Alberta, Canada.
Journal of Toxicology and Environmental Health Part A 70(14): 1182-1190.
Gibson, J.J., S.J. Birks, M. Moncur, Y. Yi, K. Tattrie, S. Jasechko, K. Richardson and P. Eby,
2011. Isotopic and geochemical tracers for fingerprinting process-affected waters in the oil
sands industry: A pilot study. Oil Sands Research and Information Network, University of
Alberta, School of Energy and the Environment, Edmonton, Alberta. OSRIN Report No. TR-12.
109 pp. http://hdl.handle.net/10402/era.23000 [Last accessed August 10, 2012].
Gosselin, P., S.E. Hrudey, M.A. Naeth, A. Plourde, R. Therrien, G. van der Kraak and Z. Xu,
2010. Environmental and health impacts of Canada's oil sands industry. The Royal Society of
Canada, Ottawa, Ontario. 414 pp.
http://www.rsc.ca/documents/expert/RSC%20report%20complete%20secured%209Mb.pdf
[Last accessed August 10, 2012].
Government of Canada and Government of Alberta, 2012. Joint Canada Alberta implementation
plan for oil sands monitoring. Government of Canada, Ottawa, Ontario and Government of
Alberta, Edmonton, Alberta. 27 pp. http://environment.alberta.ca/documents/Joint_CanadaAlberta_Implementation_Plan_for_Oil_Sands_Monitoring.pdf [Last accessed August 10, 2012].
Greystone and Westwind Resources Group Ltd., 2003. Regional Municipality of Wood Buffalo
recreational demand assessment. Environmental Management Association, Fort McMurray,
Alberta. CEMA Contract No. 2002-0007 SEWG. 49 pp. plus appendices.
Guo, Z., 2010. An integrated engineering solution in treating tailings pond water from Alberta's
oil sands industry. IN: Proceedings of the Second International Oil Sands Tailings Conference.
Sego, D. and N. Beier (Eds.). December 5-8, 2010, Edmonton, Alberta. University of Alberta,
Geotechnical Center and Oil Sands Tailing Research Facility, Edmonton, Alberta. pp. 293-307.
Gupta, N., 2009. Effects of oil sands process-affected water and substrates on wood frog (Rana
sylvatica) eggs and tadpoles. University of Saskatchewan, Toxicology Centre, Saskatoon,
Saskatchewan. M.Sc. Thesis. 149 pp. http://library.usask.ca/theses/available/etd-05262009175720/unrestricted/Niti_Gupta_Thesis.pdf [Last accessed August 10, 2012].
Headley, J.V., K.M. Peru, A.A. Adenugba, J.L. Du and D.W. McMartin, 2010. Dissipation of
naphthenic acids mixtures by lake biofilms. Journal of Environmental Science and Health, Part
A, Toxic/Hazardous Substances and Environmental Engineering 45(9): 1027-1036.

12

Headley, J.V., S. Tanapat, G. Putz and K.M. Peru, 2002. Biodegradation kinetics of geometric
isomers of model naphthenic acids in Athabasca River water. Canadian Water Resources
Journal 27(1): 25-42.
Herman, D.C., P.M. Fedorak and J.W. Costerton, 1993. Biodegradation of cycloalkane
carboxylic acids in oil sand tailings. Canadian Journal of Microbiology 39(6): 576-580.
Huang, L.Y., 2011. Bioremediation of naphthenic acids in a circulating packed bed bioreactor.
University of Saskatchewan, Department of Chemical Engineering, Saskatoon, Saskatchewan.
M.Sc. Thesis. 88 pp. http://library.usask.ca/theses/available/etd-08042011114017/unrestricted/Huang_Liyang_MSc_Thesis_08_2011.pdf [Last accessed August 10,
2012].
Hunter, G.P., 2001. Investigation of groundwater flow within an oil sand tailings impoundment
and environmental implications. University of Waterloo, Waterloo, Ontario. M.Sc. Thesis.
363 pp.
Jones, R.K. and D. Forrest, 2010. Oil sands mining reclamation challenge dialogue – report and
appendices. Oil Sands Research and Information Network, University of Alberta, School of
Energy and the Environment, Edmonton, Alberta. OSRIN Report No. TR-4. 258 pp.
http://hdl.handle.net/10402/era.19092 [Last accessed August 10, 2012].
Kessler, S., S.L. Barbour, K.C.J. van Rees and B.S. Dobchuk, 2010. Salinization of soil over
saline-sodic overburden from the oil sands in Alberta. Canadian Journal of Soil Science 90(4):
637-647.
Leskiw, L.A., 2005. Hydrocarbons in natural soils: Literature review. Cumulative
Environmental Management Association, Fort McMurray, Alberta. CEMA Contract No. 20050046 RWG. 27 pp.
Liang, X., X. Zhu and E.C. Butler, 2011. Comparison of four advanced oxidation processes for
the removal of naphthenic acids from model oil sands process water. Journal of Hazardous
Materials 190(1-3): 168-176.
Lieffers, V.J., 1984. Emergent plant communities of oxbow lakes in northeastern Alberta:
Salinity, water-level fluctuation, and succession. Canadian Journal of Botany 62(2): 310-316.
Lutz, A. and M. Hendzel, 1977. A survey of baseline levels of contaminants in aquatic biota of
the AOSERP study area. Alberta Oil Sands Environmental Research Program, Edmonton,
Alberta. AOSERP Project AF 2.1.1. AOSERP Report 17. 51 pp.
http://hdl.handle.net/10402/era.23366 [Last accessed August 10, 2012].
MacKinnon, M.D. and H. Boerger, 1986. Description of two treatment methods for detoxifying
oil sands tailings pond water. Water Pollution Research Journal of Canada 21(4): 496-512.
Mahdavi, H., A.C. Ulrich and Y. Liu, 2012. Metal removal from oil sands tailings pond water
by indigenous micro-alga. Chemosphere 89(3): 350-354.
Morton Sr., M., A. Mullick, J. Nelson and W. Thonton, 2011. Factors to consider in estimating
oil sands plant decommissioning costs. Oil Sands Research and Information Network,
13

University of Alberta, School of Energy and the Environment, Edmonton, Alberta. OSRIN
Report No. TR-16. 62 pp. http://hdl.handle.net/10402/era.24630 [Last accessed August 10,
2012].
Nelson, L.R., M. MacKinnon and J.R. Gulley, 1993. Application of toxicity testing in the
evaluation of reclamation options for oil sands fine tails. IN: Oil Sands - Our Petroleum Future
Conference. April 4-7, 1993, Edmonton, Alberta. Liu, J.K. (Ed.). Fine Tailings Fundamentals
Consortium, Edmonton, Alberta. Paper F10. 11 pp.
Oil Sands Water Release Technical Working Group, 1996. Approaches to oil sands water
releases. Alberta Environmental Protection, Edmonton, Alberta. 34 pp.
http://environment.gov.ab.ca/info/library/6839.pdf [Last accessed August 10, 2012].
Peng, H., K. Volchek, M. MacKinnon, W.P. Wong and C.E. Brown, 2004. Application on to
nanofiltration to water management options for oil sands operation. Desalination 170(2): 137150.
Purdy, B.G., S.E. Macdonald and V.J. Lieffers, 2005. Naturally saline boreal communities as
models for reclamation of saline oil sand tailings. Restoration Ecology 13(4): 667-677.
Quagraine, E.K., H.G. Peterson and J.V. Headley, 2005. In situ bioremediation of naphthenic
acids contaminated tailing pond waters in the Athabasca oil sands region - Demonstrated field
studies and plausible options: A Review. Journal of Environmental Science and Health, Part A,
Toxic/Hazardous Substances and Environmental Engineering 40(3): 685-722.
RAMP 2011 Implementation Team, 2012. Regional Aquatics Monitoring Program 2011
technical report. Regional Aquatics Monitoring Program, Fort McMurray, Alberta. Various
pagings. http://www.ramp-alberta.org/UserFiles/File/RAMP_2011_Final_Technical_Report.pdf
[Last accessed August 10, 2012].
Rogers, V.V., 2003. Mammalian toxicity of naphthenic acids derived from the Athabasca oil
sands. University of Saskatchewan, Toxicology Centre, Saskatoon, Saskatchewan. Ph.D.
Thesis. 157 pp. http://www.collectionscanada.gc.ca/obj/s4/f2/dsk4/etd/NQ83563.PDF [Last
accessed August 10, 2012].
Schneider, T., 2011. Accounting for environmental liabilities under International Financial
Reporting Standards. Oil Sands Research and Information Network, University of Alberta,
School of Energy and the Environment, Edmonton, Alberta. OSRIN Report TR-9. 16 pp.
http://hdl.handle.net/10402/era.22741 [Last accessed August 10, 2012].
Siddique, T., P.M. Fedorak and J.M. Foght, 2006. Biodegradation of short-chain n-alkanes in oil
sands tailings under methanogenic conditions. Environmental Science & Technology 40(17):
5459-5464.
Small, C., A. Ulrich and Z. Hashisho, 2012. Adsorption of acid extractable oil sands tailings
organics onto raw and activated oil sands coke. Journal of Environmental Engineering 138(8):
833-840.

14

Sobkowicz, J., 2012. Oil sands tailings technology deployment roadmaps. Project Report
Volume 1 - Project summary. Alberta Innovates - Energy and Environment Solutions,
Edmonton, Alberta. 60 pp. plus appendices. http://www.ai-ees.ca/media/7375/1906project_summary_report.pdf [Last accessed September 18, 2012].
Sprague, J.B., D.A. Holdway and D. Stendhal, 1978. Acute and chronic toxicity of vanadium to
fish. Alberta Oil Sands Environmental Research Program, Edmonton, Alberta. AOSERP Report
41. 92 pp. http://hdl.handle.net/10402/era.23380 [Last accessed August 10, 2012].
Taschuk, M.T., Q. Wang, S. Drake, A. Ewanchuk, M. Gupta, M. Alostaz, A. Ulrich, D. Sego and
Y.Y. Tsui, 2010. Portable naphthenic acids sensor for oil sands applications. IN: Proceedings of
the Second International Oil Sands Tailings Conference. Sego, D. and N. Beier (Eds.).
December 5-8, 2010, Edmonton, Alberta. University of Alberta, Geotechnical Center and Oil
Sands Tailing Research Facility, Edmonton, Alberta. pp. 213-221.
Thomas, T.E., 2011. Hydrocarbon recovery from waste streams of oil sands processing.
University of Alberta, Department of Chemical and Materials Engineering, Edmonton, Alberta.
M.Sc. Thesis. 151 pp. http://hdl.handle.net/10048/1890 [Last accessed August 10, 2012].
Tompkins, T.G., 2009. Natural gradient tracer tests to investigate the fate and migration of oil
sands process-affected water in the Wood Creek Sand Channel. University of Waterloo,
Department of Earth Sciences, Waterloo, Ontario. M.Sc. Thesis. 204 pp.
http://uwspace.uwaterloo.ca/bitstream/10012/4789/1/Tompkins_Trevor.pdf [Last accessed
August 10, 2012].
Verbeek, A.G., 1994. A toxicity assessment of oil sands wastewaters. University of Alberta,
Department of Zoology, Edmonton, Alberta. M.Sc. Thesis. 55 pp.
http://hdl.handle.net/10402/era.1516 [Last accessed August 10, 2012].
Visser, S., 2008. Petroleum hydrocarbons (PHCs) in lean oil sand (LOS): Degradation potential
and toxicity to ecological receptors. Cumulative Environmental Management Association, Fort
McMurray, Alberta. CEMA Contract No. 2005-0040 RWG. 105 pp.
Wang, Y., 2011. Application of coagulation-flocculation process for treating oil sands processaffected water. University of Alberta, Department of Civil and Environmental Engineering,
Edmonton, Alberta. M.Sc. Thesis. 133 pp. http://hdl.handle.net/10048/2080 [Last accessed
August 10, 2012].
Warith, M.A., 1983. A toxicity assessment of sludge fluids associated with tar sands tailings.
McGill University, Department of Civil Engineering and Applied Mechanics, Montreal, Quebec.
M.Eng. Thesis. 209 pp. http://www.collectionscanada.gc.ca/obj/thesescanada/vol2/QMM/TCQMM-64721.pdf [Last accessed August 10, 2012].
Western Resource Solutions, 2003. Development of reach specific water quality guidelines for
chemicals of concern in the lower Athabasca River. Cumulative Environmental Management
Association, Fort McMurray, Alberta. CEMA Contract No. 2001-0019 SWWG. 108 pp. plus
appendices.
15

Zhao, B., R. Currie and H. Mian, 2012. Catalogue of Analytical Methods for Naphthenic Acids
Related to Oil Sands Operations. Oil Sands Research and Information Network, University of
Alberta, School of Energy and the Environment, Edmonton, Alberta. OSRIN Report No. TR-21.
65 pp. http://hdl.handle.net/10402/era.26792 [Last accessed August 10, 2012].

16

