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FORWARD

The management of oil sands tailings is beset with technical challenges and is an area of increasing
public interest. Mature fine tailings (MFT) require long-term containment, and the appropriate
management of capping waters represents the most visible of the challenges facing the industry. The vast
quantities of tailings sand produced during bitumen extraction are used extensively to construct safe
containment dykes that contain the MFT and capping water. Over the last 15 years, this sand has also
been used to assist with the disposal of MFT in the form of consolidated/composite tailings (CT).
Considerable technical work has been carried out over the last 40 years, but much of it is not easily
accessible to the public, hindering the proper recognition of these extensive efforts and major
advancements. Much of the scientific and engineering advancements in oil sand tailings management are
published in diverse specialized conferences and journals, making it a challenge to review this important
literature. In 1995, the Fine Tailing Fundamentals Consortium synthesized many of these studies. This
was followed by the International Oil Sands Tailings Conference 2008 (IOSTC’08) at which an
industrial and regulatory perspective on the needs for tailings research and management was presented
in the theme lectures and proceedings. Two years later at IOSTC’10, approaches to meet the Energy
Resources Conservation Board’s (ERCB) Directive 74 were presented and discussed.

The aim of the International Oil Sands Tailings Conference 2012 (IOSTC’12) is to provide a further
exchange of information between the people responsible for managing the oil sands tailings: researchers
and providers of tailings management services who have experience with this industry. The presentations
and conference proceedings will provide a venue to present the Oil Sands Tailings Technology
Deployment Road Map prepared by the Consortium of Tailings Management Consultants (CMTC) on
behalf of Alberta Innovates — Environment and Energy Solutions (AI-EES) and the Oil Sands Tailings
Consortium (OSTC).

| want to personally thank the Oil Sands Tailings Research Facility (OSTRF) and the Canadian Oil Sands
Network for Research and Development (CONRAD) for their encouragement and support for the
conference. The conference would not have been possible without the dedication of Nicholas Beier,
Vivian Giang, Ward Wilson and especially Sally Petaske who provided so much assistance and
leadership.

A successful conference is only possible due to the presentations and the quality of the research
presented in the manuscripts contained in the proceedings. The manuscripts become a lasting archival
record and a snapshot of the state of knowledge in 2012. | want to thank our professional colleagues who
willingly shared their experiences and insight with us. To all the authors, thank you for contributing your
technical knowledge and for your efforts in submitting your manuscripts, especially in these extremely
busy days when time is our most precious commodity. The proceedings contain information representing
hundreds of years of collective experience. | know you will find insight and answers that will assist you in
a better understanding of oil sands tailings.

David C. Sego
Chair, IOSTC 2012 Organizing Committee
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Keynote Presentation

COLLABORATION IN CANADA'’S OIL SANDS:

FLUID FINE TAILINGS MANAGEMENT
Alan E. Fair and Nicholas A. Beier
COSIA Tailings EPA, Edmonton, Alberta, Canada

ABSTRACT

The management of oil sand tailings continue to be
one of the key environmental challenges facing the
industry. In order to address this challenge, the
industry has chosen to create the Oil Sand Tailings
Consortium (OSTC). The OSTC is founded on four
basic principles, which are intended to enable it to
significantly advance the rate at which tailings
ponds can be reclaimed. In addition, industry also
needs to manage the requirements of the evolving
regulatory regime.

Industry is advancing a “performance-based” or
“‘outcome-based” approach as the best way to
improve the management of oil sand tailings. In
support of achieving an outcome-based
governance approach, the OSTC has developed a
set of technical guidelines. These guidelines
include four deposit types that can be created from
the fines management methods under active
development and commercial use. In order to
support the adaption of the four deposit types,
performance factors have been proposed to
ensure they can be effectively monitored and will
achieve the desired outcome.

The Tailings Technical Guide, described in this
paper, is intended to provide a path forward for
both industry and regulators to ensure long term
tailings management goals are achieved.

INTRODUCTION

The management of oil sand tailings continue to be
one of the key environmental challenges facing the
industry. During the early years of operation,
industry efforts to manage tailings focused on
ensuring safe containment of growing volumes of
fluid fine tailings (FFT). As it became apparent that
FFT volumes could not be safely managed in
above ground structures, industry efforts shifted to
tailings management methodologies whereby the
fines were recombined with the coarse tailings.
Current industry efforts are focused on developing
methods to dewater the FFT such that they can be
incorporated into the final mine closure landscape.

Three fundamental issues for managing fluid fine
tailings throughout the operating period of oil
sands mines must be addressed to create
sustainable landforms for mine closure. These can
be summarized as follows

1. The volume of MFT produced is
substantial. At the time of writing there are
approximately 850 million m~ of fluid
tailings held in above-grade containment
dams.

2. The methods for transformation of fluid
tailings into stable, sustainable elements of
a closure landscape are all in various
states of development, from preliminary
research to commercial practice. None can
be considered as mature (i.e. proven
practice) with performance fully
demonstrated for operation and closure.

3. Until recently, full commercialization of
methods for fluid fine tailings management
was slow. This has resulted in progressive
reclamation respecting fluid tailings
volumes being less than desirable to date.

In addition, the resulting process-affected water
must also be managed. This will necessitate the
commercial development of water treatment
technologies that will ultimately enable the reuse
and release of water back into the environment.

OIL SAND TAILINGS CONSORTIUM

A “coalition of the willing” came together in May of
2010 with an overall objective to jointly develop
technologies to reclaim oil sands tailings ponds
more rapidly. The coalition used a “principle-
based” approach to put an agreement together to
create the Qil Sand Tailings Consortium (OSTC).
By December 2010, the OSTC was announced
with the official agreement signed March 2011. All
of the companies currently engaged in or
considering surface mining of the oil sands are
members of OSTC, including: Suncor Energy Inc.,
Syncrude Canada Ltd., Shell Canada, Canadian
Natural Resources Ltd., Imperial Qil, Total E & P
Canada Ltd. and Teck Resources Ltd.



Various collaborative projects have been
undertaken since the early 2000’s. However, none
of them were of the magnitude of the commitment
envisaged by the current OSTC Agreement. The
core of the OSTC Agreement is founded on four
principles: Eliminate monetary and intellectual
property (IP) barriers; Share knowledge and
support public transparency; Collaborate on
tailings R&D; and Equitable cost sharing. These
principles are described in the following four
sections.

Eliminate Monetary and IP Barriers

Under the OSTC Agreement, participating
companies have agreed to share all past, present
and future tailings technology IP. This decision is
a significant departure from the typical oil and gas
industry practice. It required the more established
companies (Suncor, Syncrude and Shell) who
possess the majority of the industries’ tailings IP
and have collectively invested over $400 million
over the 5 years leading up to the creation of the
OSTC, to endorse the arrangement. Participation
from all seven companies required a lower
threshold dollar amount that the newer companies
would contribute in order to support future tailings
R & D.

Knowledge Sharing and Public Transparency

A number of workshops and site tours were held to
facilitate the initial sharing of knowledge. The
workshops covered technical experience with
tailings, R&D-related information and operational
experience accumulated over the past 40 years.
Relationships developed among tailings
professionals stemming from the workshops, led to
the evolution of an oil sands tailings network. This
network has improved communication between
tailings personnel among the companies and
helped support the technical development of junior
staff.

The OSTC is also committed to being more
transparent with stakeholders and to promoting
broad collaboration, beyond the member
companies. Through their effort to develop new
tailings technologies, the OSTC will collaborate
and share knowledge  with universities,
government laboratories, suppliers, vendors and
third party technology developers.

Collaborate on Tailings R & D

True collaboration, as employed by the OSTC
members, is not a common industry practice.
Industry stakeholders expect more from the OSTC
member companies when it comes to
environmental issues. There is an expectation for
the industry commit to working together in order to
develop the oil sand resource using superior
solutions sooner.

Collaboration is a cost effective approach to
conducting business, especially when there are
limited resources. Collaboration allows companies
to:

* avoid duplication of work,

» share the risks associated with developing
new technologies,

* improve the coordination of efforts, and

* build on each other's ideas to improve
technologies and processes.

All of these points improve efficiency and economy
as well as reduce time requirements.

Equitable Cost Sharing

Given the diversity of operating maturity at each of
the member companies, an equitable funding
approach to R & D was adopted. Companies
would contribute at a level commensurate with
their stage of development. Since there was no
definitive formula established to define the
monetary contribution, an annual review among
the member companies is held to demonstrate that
each company’s contribution is equitable.

COSIA

On March 2, 2012, a new organization referred to
as Canadian Oil Sand Innovation Alliance (COSIA)
was established. It builds on the success of
Canadian Oil Sands Network for Research and
Development (CONRAD), Oil Sands Leadership
Initiative (OSLI) and the OSTC. COSIA is now the
umbrella organization for these groups constituting
a much larger collaborative effort. The seven oil
sand surface mining companies (OSTC members)
and a similar number of in-situ operators make-up



the COSIA membership. Its vision is to enable
responsible and sustainable growth of Canada’s
Qil Sands  while delivering  accelerated
improvement in  environmental performance
through collaborative action and innovation.
Collaboration in COSIA will focus on four
Environmental Priority Areas (EPA), including:
tailings, water, land and greenhouse gases. The
OSTC will now become the COSIA Tailings EPA
but will still maintain the four founding OSTC
principles summarized above.

OIL SAND TAILINGS REGULATORY
REGIME

Two provincial government departments have
primary responsibility for regulating the oil sands
industry.  They are Alberta Environment and
Sustainable Resource Development (AESRD); and

the Energy Resources Conservation Board
(ERCB).
The Alberta Environmental Protection and

Enhancement Act (AEPEA) is used by AESRD to
execute its regulatory responsibilities in the oil
sands. More recently, AESRD has released a
document entitled the “Lower Athabasca Regional
Plan” (LARP), which envisages a series of
frameworks to address specific environmental
issues, including oil sand tailings. A document
referred to as the Tailings Management

Framework (TMF) will set the Alberta
government's policy for oil sand tailings
management.

In February 2009, the ERCB issued Directive 074
(D0O74), which defined the requirements for
regulating tailings operations associated with
mineable oil sands. The directive specified
performance criteria for the reduction of Fluid Fine
Tailings (FFT) and the formation of trafficable
deposits.

Tailings Roadmap Study

Concurrent with the introduction of D074, industry
increased its efforts to accelerate commercial
development of new tailings management
technologies that were in various stages of
development.  Following the inception of the
OSTC, a joint initiative between industry and
government was undertaken to support a broader
strategy for sustainable management of tailings

produced by the oil sands industry. This
collaboration is known as the “Technology
Deployment Roadmap and Action Plan for ‘End-
To-End’ Solutions for Oil Sand Tailings”. The
project was completed July 1, 2012 and the final
report contains a comprehensive and up-to-date
compilation of information along with key
recommendations for furthering tailings research
and development activities. @ The Technology
Deployment Roadmap and Action Plan is the
subject of a separate keynote address (Sobkowicz,
2012) and a special session at this conference and
will not be discussed any further here.
Outcome Based Governance of Oil Sands
Tailings

Industry is committed to improving the
management of oil sand tailings and believes that
the best approach to doing so lies in utilizing an
“outcome-based approach”. Using this approach,
regulation of the industry would focus on the
achievement of performance outcomes that are
aligned with final Mine Closure Plans, using interim
measures to ensure that various performance
milestones are achieved en route to the final
requirements.

Joint industry/government efforts are underway to
improve the governance of oil sand tailings. The
three initiatives listed earlier( i.e. the Tailings
Management Framework, Directive 074 and the
Tailings Roadmap Study), along with a “Tailings
Technical Guide”, are all viewed as important
components of a governance process that will
support an outcome-based approach. Figure 1
illustrates how these three initiatives are expected
to be utilized to achieve an outcome-based
governance approach for oil sand tailings

Direction on desire outcomes
and balancing of

objectives

State of development

Tailings "'
Study and promise of

methods

Out co— based
l  Approach

-1 Implemented with recognition

as a ‘work in progress’

Figure 1. Outcome based approach for
Tailings Governance (modified from

Fair, 2012).



TAILINGS TECHNICAL GUIDE FOR
FLUID TAILINGS MANAGEMENT

In support of improving the governance of oil sand
tailings, the OSTC set out technical guidelines for
managing FFT. This document entitled “Tailings
Technical Guide for Fluid Tailings Management”
was developed with oversight and guidance
provided by two expert panels. The first panel was
convened to review the technical content of the
document. The panel members were David
Carrier Ill, Richard Dawson, Ross Eccles, Norbert
Morgenstern and John Sobkowicz. A second
panel reviewed the document from a regulatory
perspective. The panel members were Richard
Dawson, Gerry DeSorcy, John Errington, Barry
Hurndall, Bernie Roth and John Sobkowicz.

The Technical Guide is intended to support the
Government of Alberta in developing a consistent
policy for tailings regulation. It also provides a
detailed up-to-date technical review of current
practice for managing the different types of tailings
deposits using best available technology.

Of most importance, this document proposes that
site-specific volume profiles of FFT be established
for each mine site. This approach provides a direct
method to manage and steward the volume of
FFT. Futhermore it will limit the accumulation and
provide containment of FFT in a manner consistent
with the goals of progressive reclamation as well
as the desired reclamation and closure outcomes.

Under this proposal, oil sand operators would
employ adaptive management to remain within
their committed volumes. Adaptive management
deals with inherent uncertainties associated with
FFT generation, allowing operators to deploy
available methods (and newly developed ones like
those identified in the Tailings Roadmap Study) as
required.

The following sections are excerpts from the
Technical Guide describing the current state of
practice and provide an accurate summary of
deposit characteristics that can be formed and
managed using current technology. Different
technologies are available that form combined
suites to meet various performance objectives
within the overall tailings plan for a project.

OIL SAND TAILINGS PROCESSING

Various process methods are currently being
utilized to release water from FFT. Figure 2
provides a perspective on volume reduction
through dewatering of FFT, which compares
percent solids by weight versus the equivalent
volume percentage. FFT must attain a solids
content of 75% to 80% (by weight) to develop
sufficient long-term stiffness and strength (in the
range of 50 kPa to 100 kPa), losing 67% to 75% of
its water in the process. For tailings treatment
technologies involving drying, FFT might further
dewater as far as the shrinkage limit.

Shrinkage Liimit Range

Plasti¢ Limit Range

Liquid Limit Range

% Solids by Volume

40

% Solids by Weight

Figure 2. Tailings Volume vs. Tailings Mass
(modified from OSTC, 2012).

Centrifugation of FFT

One process to dewater FFT uses flocculation and
processing of FFT through a solid-bowl scroll
centrifuge. Adding a coagulant such as gypsum
can also assist the process. Solids contents of
about 55% are produced in the centrifuge “cake.”
The cake is deposited in relatively thin lifts of about
2t/m2-y in constructed cells, in a manner similar to
the handling of soft, wet overburden soils. Left for
a winter freeze-thaw cycle, the cake will attain
peak shear strengths of 5 kPa to 10 kPa, before an
additional lift is placed. Alternatively, the cake is
continuously deposited, at higher annual rates per
area, into deep, in-pit deposits, relying on self-
weight consolidation to effect further water release
and volume reduction.

Thin Lift Dewatering

A second method employs in-line flocculation of
FFT and discharge of the flocculated slurry in thin



lifts into cells, where initial dewatering, effected by
flocculation and drainage, can increase the solids
content to around 60%. Further water removal is
accomplished via evaporation and freeze-thaw
effects. The volumes associated with oil sands
mining and the low net evaporation rates in
northern Alberta result in large area requirements
to meet dewatering targets for reclamation. The
dewatered material can be relocated to overburden
cells after initial dewatering (similar to centrifuge
cake), or alternatively, allowed to dewater further
with evaporation or freeze-thaw to a point where it
has sufficient strength to form an integral part of a
disposal structure.

Thick Lift Dewatering

In-line flocculated FFT can also be utilized to form
deep deposits (e.g., in a large in-pit cell). Water
expressed from the deposit and precipitation is
decanted from the surface. Surface dewatering
can be assisted by rim-ditching the perimeter of
the deposit or creating channels on the surface to
direct water to a decant sump. Self-weight
consolidation progressively increases the solids
content of the deposit, driving water upward
through the deposits (or both upward and
downward if there is bottom drainage).

Thickened Tailings

A fourth dewatering method draws FFT directly
from the extraction process (e.g., cyclone
overflow), and then flocculates and thickens the
FFT in a mechanical thickener. Thickening is
generally employed to recover thermal energy but
also has the benefit of partially dewatering the
FFT, producing thickened tailings (TT). The TT can
be placed in deep deposits, relying on
consolidation for dewatering. Alternatively, it could
be discharged in thin lifts, in a similar manner to
that described previously.

CT or NST Tailings

Blending of sand slurry (typically at high solids
contents) with FFT, using flocculants or coagulants
to attain a non-segregating mix can also be used
to promote fines capture and dewatering. Once
mixed, the material is then discharged into a deep
deposit. Where the fines are sourced as MFT, the
resulting product is referred to as composite or
consolidating tailings (CT). Alternatively, where
fines are sourced as TT, the resulting product is
referred to as non-segregating tailings (NST). The
key objective of both methods is to reduce the

water content and produce a sand-dominated mix,
at a moderately high SFR. This results in a
relatively quick volume reduction and increase in
deposit strength (compared to lower SFR tailings
deposits).

OIL SAND TAILINGS DEPOSIT TYPES

There are essentially four deposit types that can
be created from the fines management methods
under active development and commercial use.
These deposits include: thin-layered, fines
dominated deposits; deep, fines dominated
deposits; fines-enriched sand deposits; and water-
capped fine deposits. The following sections
describe the different ways in which these four oil
sands tailings deposit types are produced, their
important performance factors and how the deposit
performance can be assessed through the period
of their placement to their readiness for
reclamation.

Thin-Layered, Fined Dominated Deposit

This deposit type consists of a fine tailings stream
that is discharged sub-aerially into a disposal site
in thin lifts (typically 100 — 500 mm thick,
depending on the process used to produce the
discharge stream). It relies initially on dewatering
by chemical and mechanical treatment, and later
on, dewatering by drainage, atmospheric
evaporation and freeze-thaw. It is viable on a
commercial scale where sufficiently large areas
are available for surface drying to the target solids
content. These dewatered tailings can either be
relocated to an overburden disposal site or left in
place as part of a multi-layer deposit. In some
cases, the soft material can be placed in polders in
overburden disposal structures that provide the
necessary integrity, without the need for a large
reliance on the dewatering mechanisms described
above. The precise tolerance for land use and for
incorporation of weak material into overburden
dumps will, by necessity, be a site-by-site
determination, due to the highly variable conditions
between leases.

There are three processes currently deployed or
under development to create this deposit:

1. Thin-lift dewatering of in-line flocculated
MFT, currently operating at a commercial
scale at Suncor and in large scale
prototype at Shell/MRM.



2. MFT centrifugation (MFT-C), undergoing
large scale prototype testing at Syncrude.

3. Thin lift deposition of TT, which has been
piloted at a relatively small scale.

Regardless of whether the deposit constitutes a
multilayer deposit or is relocated to an overburden
disposal structure, the primary performance factor
is undrained shear strength. This indicator is
suitable to monitor and demonstrate an acceptable
trajectory towards reclamation.

Additional information and indicators would also be
typically collected to support process control, other
operational requirements such as mud-farming and
geotechnical stability.

If thin-lift-fines-dominated deposits do not achieve
their predicted performance, several design,
operating and post-deposition contingencies are
available or under development. The options
currently available to operators are briefly
summarized below:

* Increase drying time, or decrease lift
thickness (i.e. larger cell)

e Utilizing alternative cell designs

* Improving process control and placement
strategies (i.e. thinner lifts, mechanical
spreading)

* Drainage layers to enhance dewatering

*  Mud-farming to maximize evaporation

* Re-grading or re-constructing erosion and
drainage features

e Over building to accommodate settlement

These methods should allow the fines-dominated
deposits to achieve the desired performance.

Deep, Fines-Dominated (Cohesive) Deposits

This deposit type consists of a FFT stream that is
discharged into a deep disposal site, which
accumulates a significant thickness over time. The
sand to fines ratio (SFR) of this material is typically
below 2 and the fines are moderately to highly
plastic. Initial water release is accomplished with a
polymer flocculant process. The balance of water
release/volume reduction occurs through self-
weight consolidation and creep, (for very deep in-
pit deposits, it might make sense to insert sand
layers or geo-drains to enhance dewatering rates).
Environmental effects (evaporation and freeze-
thaw) play a minimal role in dewatering, except for
surface crust development when filling is complete.
Once a sufficient crust has developed, the surface

is capped, typically with sand, to provide both a
load, to assist the consolidation of the upper part of
the deposit, and a substrate for topsoil. Deep
fines-dominated deposits are generally favoured
where in-pit area and volume are available. Less
deep, out-of-pit deposits in a containment structure
might be necessary for new mine start-up, or for
example, could be attractive as polders in large
out-of-pit sand storage areas. Deep, fines-
dominated deposits represent a very efficient land
end-use with geotechnically secure containment.

There are three processes currently deployed or
under development to create this deposit:

1. TT made from sand depleted tailings
streams fed to a thickener vessel and
flocculated  with a polyacrylamide
flocculant. TT has been piloted by Shell
and Syncrude and is under consideration
by other operators.

2. Accelerated dewatering uses in-line
flocculation of MFT followed by deposition
in a deep containment area. Field pilot
tests and a large scale prototype are
underway at Syncrude.

3. MFT  Centrifugation as  described
previously, but placed in deep deposits.
Minimal data is available for this option at
this time, but the deposit is expected to
behave similarly to TT.

Consolidation time for deep fines-dominated
deposits is affected by a number of factors, the
most important of which are the character of the
material, the rate of deposition per area and the
overall depth of the deposit. It requires
considerable  technical effort to predict
consolidation rates for design and to monitor
performance through the operations and
reclamation cycle. Simply stated, the major goals
are to predict the time-dependent capacity of a
containment area, (to properly size the area to
accommodate the anticipated volume of fines-
dominated material), and to analyze the settlement
rates under surcharge for reclamation needs.
Thus, the important performance factor is the
increase in solids content (or volume
reduction) with time.

Characteristic of deep cohesive deposits is the
uncertainty over their precise rate of consolidation,
volume reduction and strength attainment.
Contingent measures can be applied at all stages,
from planning and design through to reclamation.
A conservative approach to design can limit the



impact of consolidation underperformance.
Improved process controls or reducing the rate of
deposition can enhance the operational success.
Once the deposit is placed, additional surcharging
or addition of wick drains can be used to improve
the rate of consolidation or volume change.

Fines-Enriched Sand

Fines-enriched sand typically has an average SFR
from about 3 to 5 (can also be somewhat higher), a
pipeline solids content ranging from 55 to 60%,
and a solids content after deposition in excess of
70%. These deposits are typically formed using
processes such as CT and NST that are intended
to capture the fines within sand voids during
deposition, thus managing the inventory of FFT
with minimal re-handling. To form these deposits,
adequate sand and containment are required.
Coupling the process with bitumen production
often leads to operational constraints that must be
considered before selecting this type of deposit.

CT is currently the commercial process used for
forming fines-enriched sand tailings deposits. NST
is a variation of CT where the fines are supplied
from a thickener rather than MFT from a tailings
settling pond. The CT process is currently, or has
been, operated at a commercial scale at Syncrude
and Suncor. Shell and CNRL both plan to
implement CT or NST technologies as part of their
tailings management plans.

The deposit can be characterized by two primary
metrics for assessing conformity of the operation
with the plan: SFR distribution after deposition
and solids content trajectory in response to
surcharge (e.g., additional CT layers or sand cap).
Field sampling, laboratory measurements and in-
situ measurements are required to support the
performance monitoring.

Mitigation plans need to be part of the tailings
management plan, and include proposed “triggers”
to guide when mitigation would be implemented. If
fines-enriched sand deposits do not achieve the
required performance, depending on the stage of
the deposit and deviations encountered, options
could include:

e Improving
controls

* Improving depositional technology

e Further dewatering at the tailings facility
prior to deposition

process and operational

* Promote increased dewatering in the
deposit through a combination of wick
drains,  coke-capping, sand raining
capping, or winter capping.

* Re-grading or re-constructing erosion and
drainage features

* Over building to accommodate settlement

These methods will allow the fines-enriched sand
to be managed and monitored, and achieve the
performance criteria established at each site.

Water-Capped Deposits

This deposit type consists of placing FFT that has
naturally densified to >30% solids content into an
engineered mine pit where a water cap is
established to form a lake. Once acceptable
surface water quality is attained, in-flow to and out-
flow from surrounding terrain is established to
emulate a natural lake system. In a variation of
this method, fine tailings would be densified before
placement, thereby increasing the disposal
capacity of the mine pit. While these deposits
consolidate and gain strength over a long period
as soft lake bottom mud, they are not intended to
support terrestrial reclamation features.

One of the main types of FFT that are envisaged
for water-capped deposits is MFT. The two key
issues associated with incorporating un-amended
MFT in a reclamation landscape are:

* The volume of
substantial

* MFT is a fluid with a composition that is
predominantly water; densification to fully
consolidated clay is currently projected to
take hundreds of years

MFT produced is

When the water-capping concept was introduced,
researchers recognized several key functional
aspects that required empirical knowledge and
demonstration before such a reclamation
component could be accepted. These included: a)
stability of the pond layers, b) interaction of the
pondwater with the groundwater, c) flux across the
water cap/tailings interface, d) littoral zone
development, e) toxicity to aquatic life, and f)
ecological development. Over the last two
decades a program of progressive monitoring and
experimentation, using laboratory, field and
modeling methods at Syncrude were implemented
to address these questions. Where possible,
questions have been addressed with scientific
study in real systems at a reduced scale from a



full-size lake. Syncrude is currently in the process
of initiating a full-scale, demonstration system at
the Mildred Lake site.

As water quality is fundamental to attainment of
the proposed reclamation end point, it is the
primary performance factor for this technology. A
measurement and monitoring program is also
required to validate application of the technology.
It should compare actual facility performance with
the developmental “trajectory” of the six functional
aspects proposed by the operator.

Fluid Fine Tailings Management

To this point, the various methods were addressed
for treatment and deposition of FFT, so that the
treated material is, in many cases, no longer a fluid
and in all cases incorporated into the closure
landscape. However, containment and control of
FFT through the period of active mining and at
mine closure is also a key risk management
matter. The following discusses the management
of the remaining volumes of FFT, that are not
captured in one of the previously discussed
deposit types and that are considered acceptable
for storage on the lease without further treatment.

Through the life of mine, fluid fine tailings and
overlying oil sands process-affected water (OSPW)
must be safely contained. This aspect is currently
well managed through internal procedures
overseen by the Alberta Dam Safety Branch and
industrial practice. However, in the long-term, it is
accepted that there will be no above-grade storage
of FFT. Volumes of FFT will be maintained within
a profile consistent with site plans submitted for
project approval and updated with mine plans as
mining progresses.

To the extent practical, this profile should reflect
the principle of progressive reclamation, meaning
that volumes should not be accumulated such that
there is a large and costly liability at mine closure.
Adaptive management measures will be available
to maintain FFT volumes within committed limits.
In practice, this will mean adjusting the rate of FFT
treatment and disposal methods to control final
volumes of FFT. Implicit in this approach is that
reactive, unplanned increases in the storage
containment volume will not be the response to
under-prediction of FFT generation. Proven
methods will be developed for treatment and
disposal of FFT consistent with reclamation
planning and execution during operations and at
mine closure.
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To demonstrate that past and predicted future
accumulations of FFT are within submitted tailings
plans and committed limits, measuring and
reporting are required by the operators. To be
assured that this is the case, operators must fully
understand their entire tailings mass balance
including:

e the rate at which the FFT is being
generated

e the rate at which FFT consolidates in the
ponds

e the volumes of FFT that are treated and
stored in an approved Designated

Disposal Area (DDA).

Given the degree of uncertainty in net generation
of FFT, the primary design contingency is to take a
conservative approach to forecasting FFT
generation. The degree of conservatism will be
determined by each operator, recognizing:

* Degree of variability in the ore body

* Site-specific constraints on the practicality
and cost of contingency volume

* Ability to respond in operations by
expanding dewatering processes that can
offset any underestimates of containment
and accumulated FFT volumes.

The response in operations to an increase in FFT
beyond the planned trajectory, once all operational
improvements have been exhausted, would be to
expand the resources for dewatering of FFT, such
as discussed in previous sections of this paper. As
the end of mine life is approached, if the volume of
FFT to be stored on the site were to exceed the
amount that could be acceptably accommodated
according to the closure plan, the FFT could be
treated to increase its density and therefore
storage efficiency.

Summary of Deposits

The Tailings Technical Guide sets out guidelines
for managing FFT through appropriate treatment
and disposal in a DDA. For each site, operators
must consider land availability and disturbance,
geotechnical conditions, resource distribution,
general site geology, containment availability and
mine advancement to develop the optimum tailings
management strategy. Table 1 shows a summary
of the different attributes for each of the four
deposit types. The different characteristics for
each deposit type highlight the importance of



matching performance measures with particular
deposit types.

PERFORMANCE MEASURES

The current ERCB D074 requires operators to
reduce FFT through fines captured in DDAs and to
“form and manage” these DDAs using strength
criteria Essentially, the D074 performance criteria
favors thin-layered, fines-dominated deposits
despite the high cost, large footprint and high
energy intensity requirement. Consequently, the
regulation has resulted in tailings management
practices that are out of alignment with advancing
technologies and improved practices.

The Tailings Technical Guide establishes the
requirement to adapt D074 regulations to suit
current best available practices and emerging
technologies. These proposed D074 revisions
focus on the specific performance criteria for FFT
reduction and for managing DDAs so there is
consistent alignment with emerging technologies
and current practices. Table 2 provides a
summary of performance measures for each of the
potential deposit types.

Industry continues to support a regulatory
framework that is performance-based and requires
an annual measurement and reporting cycle to
demonstrate compliance. Revising the regulations
so there is better alignment with deposit types and
technology developments will maintain this
requirement while recognizing values that are
important for sustainable oil sands mining including
resource recovery, cost, progressive reclamation,
energy use, and land disturbance.

CONCLUSIONS

The OSTC’s Tailings Technical Guide provides an
up-to-date technical overview of current practice in
oil sand tailings management orientated towards
the different types of deposits formed and
managed using best available technology. These
deposit types include: thin-layered, fines-
dominated deposits; deep, fines-dominated
deposits; fines-enriched sand deposits; and water-
capped fine deposits.

The Technical Guide also suggests updates to
D074 that would promote better tailings
management given recent technology
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developments and changes in current practice.
These changes are proposed in the context of the
original intent to provide a performance-based
regulation that builds on a foundation of continuous
improvement.

Detailed site-specific mitigation plans are important
to the proposed adaptive management approach.
In many cases, the contingencies are still in a
research or developmental stage. Hence the need
for an adaptive management plan, whereby new
insights are continuously incorporated in future
designs and applications.

Industry acknowledges, and continues to be
greatly influenced by D074 and has expended
significant effort (resources, time and money) on
solutions to the tailing challenges that the industry
faces.

ACKNOWLEDGEMENTS

The author wishes to acknowledge the support of
the seven member companies who form the OSTC
(Suncor Energy Inc., Syncrude Canada Ltd., Shell
Canada, Canadian Natural Resources Ltd,
Imperial Oil, Total E&P Canada Ltd., and Teck
Resources Ltd.) and the expert panel members for
the development of the Technical Guide (David
Carrier lll, Richard Dawson, Gerry DeSorcy, Ross
Eccles, John Errington, Barry Hurndall, Norbert
Morgenstern, Bernie Roth and John Sobkowicz).

REFERENCES

Fair, A.E. 2012. Canada’s Oil Sands: A
collaborative approach to addressing oil sand
tailings. World Heavy Oil Congress, Aberdeen,
Scotland, September 10-13, 2012. 10 pp.

Oil Sands Tailings Consortium (OSTC), 2012.
Technical Guide for Fluid Tailings Management.
Report prepared in Calgary, Alberta, August 30,
2012.

Sobkowicz J. 2012. The Oil Sands Tailings
Technology Roadmap and Action Plan:
Introduction and Key Recommendations. Keynote
address at the Third International Oil Sands
Tailings Conference, Edmonton, Alberta,
December 2-5, 2012. 10 pp.



Table 1. Oil Sands Tailings Deposit Attributes.

Deposit Type Cost Area Containment | Energy Critical
Footprint Volume Intensity Technical
Requirement Components
Thin-Layered | No High Very Large | Minimal High -Initial
Fines Re-handle Dewatering
Dominated -Drying
Re-handle | Very High | Large Minimal to Low | Very High arealtime
-Deposit working
Deep Fines Dominated Moderate Low- Low Low -Initial
Moderate dewatering
-Consolidation
Fines Enriched Sand Moderate Moderate High Low -Minimizing
segregation
Water-Capped In-pit | Low Low- Medium Low -Water  quality
Deposits Moderate with time
Table 2. Deposit Performance Factors.
Deposit Type Primary Performance Factor Comment

Thin-Layered Fines Dominated

Strength

Consistent with current D074
criteria

Deep Fines Dominated

Volume change with time

Focuses on dewatering behavior
consistent with FFT reduction

Fines Enriched Sand

Volume change with time and
Sand/fines ratio

Focuses on dewatering behavior
and fines segregation behavior.
Fines enriched sand deposits
have overall (sand and fines
combined) lower bulking factors.

Water-Capped In-pit Deposits

Water quality

Key metric in support of lake
ecosystems.
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THE OIL SANDS TAILINGS TECHNOLOGY ROADMAP AND ACTION
PLAN: INTRODUCTION AND KEY RECOMMENDATIONS

John Sobkowicz
Thurber Engineering Ltd.

ABSTRACT

In 2011, Alberta Innovates — Energy and
Environment Solutions (AI-EES) awarded a
contract to the Consortium of Tailings

Management Consultants (CTMC) to prepare an
Oil Sands Tailings Technology Roadmap. The
project objective was “...to create a technology
deployment roadmap and action plan that will
assist regulators and industry to create and
implement technology solutions that will meet the
goals of Alberta Environment's (AENV’s) Draft
Tailings Management Framework and ERCB’s
Directive 074”.

The Project had four main components: 1) to
identify and describe all known tailings manage-
ment technologies, through all stages of the mining
life cycle, 2) to define the important tailings
reclamation objectives to which successful tailings
technologies should contribute, 3) to evaluate the
identified tailings technologies to determine their
strengths and weaknesses, in light of these
objectives, and 4) to identify technologies and/or
suites of technologies which could improve the
ability of tailings management practices to meet
the previously defined goals, and the pathways by
which they could be brought through the research
and development process to commercial
implementation.

This paper describes the objectives of the Project,
the technical process whereby these goals were
met, and the key recommendations arising from
the Project work. Associated papers will describe
in more detail specific components of the Project.

INTRODUCTION

General

Oil sands mines near Fort McMurray, Alberta,
Canada produce large quantities of solid and fluid
tailings. Mining and tailings production have been
ongoing for over 40 years, and are expected to
continue, at increasing rates, in the coming

13

decades. There are ongoing concerns about the
geotechnical risks, environmental risks, and long-

term liability related to tailings production. In
particular, there are concerns related to
production, storage, and reclamation of fluid
tailings.

In response to some of these concerns, Alberta
Innovates — Energy and Environment Solutions
(AI-EES), in partnership with the Oil Sands Tailings
Consortium (OSTC), in 2011 awarded a contract to
the Consortium of Tailings Management
Consultants (CTMC) to undertake an integrated

project called “The Technology Deployment
Roadmap and Action Plan for ‘End-to-End’
Solutions for Oil Sands Tailings”. The project
objective was “...to create a technology

deployment roadmap and action plan that will
assist regulators and industry to create and
implement technology solutions that will meet the
goals of Alberta Environment's (AEW’s) Draft
Tailings Management Framework and ERCB’s
Directive 074”.

Project Involvement

Specific Alberta government departments and
organizations participating in the study were:
e Alberta Innovates and
Environment Solutions
e Alberta Energy
e Alberta Environment
Resource Development
* Energy Resources Conservation Board
*  CANMET

Energy

and Sustainable

Member companies of the OSTC involved in the
study were:

e Canadian Natural Resources Limited
* Imperial Oil

* Shell Canada Energy

e Suncor Energy Inc.

e Syncrude Canada

* Tech Resources Limited

* Total E&P Canada Ltd.



A consortium of leading oil sands tailings
management engineering firms was formed to
carry out the project proposed by AI-EES. This
unified team of tailings management consultants
and academics provided a forum for developing a
Roadmap that was based on the best available
expertise and enjoyed broad endorsement. The
CTMC includes:

* AMEC

e BGC Engineering

* Golder Associates

e Klohn Crippen Berger Ltd.

* Norwest Corporation

e Thurber Engineering Ltd.

e The University of Alberta Geotechnical
Group.

Project Goals

The CTMC Project Execution Plan (2011) defined
the Project goals. The “Technology Deployment
Roadmap and Action Plan for ‘End-To-End’
Solutions for Oil Sand Tailings” (TTD Roadmap) is
an initiative of both the government and industry to
support a broader strategy for sustainable
management of tailings produced by the oil sands
industry. The Tailings Roadmap / Action Plan
initiative will provide a framework to government
and industry that will:

1. Help achieve more timely deployment of the
end-to-end tailings technologies, and share the
results and knowledge of tailings deployment
activities.

Document the current state of tailings
reclamation technology to define technology
pathways to reach the end goal.

Serve as a basis for accessing government
and industry funding to accelerate commercial
scale demonstration of technology, and
promote sharing and technology transfer.

Identify technology options and establish a
framework for operators to conduct detailed
feasibility studies and deploy technology, and
allow regulators to verify the performance
during this process.

Promote a collaborative approach to oil sands
tailings technology that expedites technology
deployment, reduces environmental impacts
beyond the boundaries of the mine lease and
enhances public trust.
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6. Provide a medium for sharing the results and
knowledge of effective tailings deployment
initiatives.

The Project Report contains 5 volumes, each
volume with its own set of Appendices. Volume 1
summarizes the results of all of the Project work,
and draws various conclusions and recommenda-
tions for the Project, from which this paper is
derived. Volumes 2 to 5 contain separate, detailed
reports that have been issued for each component
of the Project.

All Project Report volumes are available on-line at:

http://ai-ees.calreports.aspx or
http://www.cosia.ca/media-resources/resource-

library/

Project Components

The project was divided into four main
components, each of which had a component lead,
assistant leads and supporting specialists that
provided input to all aspects of the work scope.
The specific tasks of the four components can be
summarized as follows:

e Component 1 (C1) searched for, collected and
compiled information on technologies in
current use or in a research or development
stage that had potential application in the oil
sands industry. They also compiled a
summary of current tailings management
practices. BGC Engineering and Norwest
Corporation carried out this component.

e Component 2 (C2) developed a set of Tailings
Management and Reclamation (TMR)
Objectives and Sub-objectives, to be used in
developing criteria for the evaluation of each of
the technologies. Klohn Crippen Berger Ltd
carried out this component.

e Component 3 (C3) set up and carried out a
review process to evaluate each of the
technologies, in light of the TMR Obijectives,
and to identify gaps, strengths and
opportunities within the technologies. Golder
Associates Ltd. and the University of Alberta
carried out this component.

e Component 4 (C4) identified “highlighted”
tailings technologies that would improve
existing tailings suites or contribute to new
suites, and then developed TTD Roadmaps for
these highlighted tailings technologies, to bring
them to a stage of commercial imple-



mentation. Thurber Engineering Ltd. and
AMEC carried out this component.

The Project work was carried out under the
direction of a Research Advisory Committee
(RAC), consisting of representatives of
government, industry and the CTMC, led by a
Research Director (Dr. John Sobkowicz, P.Eng.).

Throughout this paper, each component of work
will be referred to as “C1” for “Component 17, etc.

PROJECT HIGHLIGHTS

The Technology Discovery

C1 identified 549 tailings technologies that have
potential use in the oil sands industry. With
refinement, the initial 549 technologies were
reduced to 101 unique technologies (plus some
technology variations and enhancements); these
are discussed in more detail in a companion paper
in this conference (“The Oil Sands Tailings
Roadmap and Action Plan: Oil Sands Tailings
State of Practice Overview”).

The technologies were categorized by their
position in the mining life cycle (mining, extraction,
tailings processing, tailings capping/deposition,
water treatment and reclamation) and their location
in the Research and Development cycle.

In the early stages of this work, a few
characteristics of the groups of tailings tech-
nologies became apparent:

e There are just a few technologies in the mining
category that can be used to reduce the
amount of fines reporting to tailings.

e Similarly, there are only a few opportunities in
water-based extraction to influence tailings
behaviour in a meaningful way.

e Other, non-water based extraction methods
provide an opportunity to avoid creating
tailings slurries, if some of the environmental
and economic hurdles can be overcome.

* The maijority of technologies catalogued by C1
are in the tailings processing and tailings
capping/deposition categories, and these
technologies were the subject of close
examination later in the project.

e Only a few reclamation technologies were
identified that could significantly impact tailings
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behaviour. Most of these are already in
commercial use, but there are several in the
research / development phase that were
identified.

* There are some technologies (mostly chemical
amendments) whose main purpose is to
enable or enhance the effectiveness of other
tailings technologies.

e There are a number of water treatment
technologies that can be applied to a variety of
tailings situations, mostly to treat various types
of tailings process water, but these are not
specific to any particular tailings treatment
technology.

C1 also summarized current mining and tailings
practice in the oil sands industry, and defined eight
technology suites. These suites encompass an
“end-to-end” set of technologies (from 7 to 10 in
each suite) that are being commercially operated
and/or commercially demonstrated to produce,
treat, dispose of and reclaim tailings. They are
listed below (named to indicate the main tailings
processing or disposal technology):

* Conventional hydraulic fill construction.

* Water-capped MFT.

* Composite tailings (including both CT and
NST).

* Conventional tailings thickening.

* In-line thickening of tailings, with thin lift
deposition/dewatering.

* In-line thickening of tailings, with thick lift
deposition/accelerated dewatering.

* Centrifuged MFT.

* Coke capping.

In all, there are 22 tailings technologies already in
commercial use many of these (such as
conventional beaching or CT) are mature, whereas
others are really in an advanced development
stage (running at a commercial scale, such as thin-
lift dewatering), being implemented in response to
recent changes in regulations.

The Technology Evaluation

Evaluation of the technologies identified by C1
was an ongoing process throughout the remaining
project, with:

* (2 establishing a set of tailings management
and reclamation (TMR) objectives.



e (C3 developing criteria to evaluate the
technologies for their ability to meet the TMR
objectives, and then carrying out that
evaluation.

e C4 further identifying technologies with the
potential to improve existing commercial
technology suites or create new suites and
then, based on the C3 evaluation results,
assessing the benefits and risks associated
with each technology in order to prioritize them
for inclusion in the TTD roadmaps.

The TMR objectives were developed by C2 and
confirmed with OSTC and government represen-
tatives in several workshops. The eight main TMR
objectives are listed below; a full list of the
objectives and all related sub-objectives is given in
a companion paper in this conference (“The Oil
Sands Tailings Technology Roadmap Project: The
Identification of Key Obijectives for the Evaluation
of Tailings Technologies”).

1. To minimize production and long-term storage
of fluid fine tailings.

2. To manage tailings in a manner that minimizes
the impacts of process affected water on the
environment.

3. To facilitate progressive reclamation and
achieve a trafficable surface as soon as
possible following the cessation of deposition.

4. To reduce ongoing operations liability and
long-term closure liability.

5. To minimize the footprint of permanent tailings
facilities.

6. To minimize cost of construction, operations
and reclamation without compromising safety.

7. To use robust technologies.
8. Potential to reach commercial implementation.

C3 developed a set of evaluation criteria, tied to
the TMR objectives, and a process for evaluating
each of the 101 unique technologies. The evalua-
tions were carried out in a number of sessions by
groups of oil sands experts, selected for their
knowledge in different aspects of the mining life
cycle. The evaluation results represented a con-
sensus opinion of each group, and while not
“perfect’, reflected the best judgement of the
evaluators.

The primary purpose of the evaluation was to
identify the strengths and weaknesses of each
technology (in regards to meeting the TMR

objectives), so that C4 could better understand and
utilize these technologies in developing the TTD
Roadmaps, and appropriately fit each technology
into a complete technology suite.

The results of the evaluations are discussed in a
companion paper in this conference (“The Oil
Sands Tailings Roadmap and Action Plan: Assess-
ment and Evaluation of Tailings Technologies”).

The early C4 work focused on identifying
technologies from the C1 catalogue that had
potential to improve existing commercial suites or
contribute to new suites. Some of these
technologies were already at a commercial stage
(and hence did not need any further roadmap
consideration); some were in a research or
development stage. Tailings technologies in the
latter group (research or development) were
compiled into a list of “highlighted” technologies, as
shown in Table 1.

The last stage of the evaluation work was to
assess the benefits, risks and relative costs of
each of the highlighted technologies, which was
done to prioritize them for consideration in the TTD
roadmaps.

Table 1. “Highlighted” Technologies

Techno-
Techno- L
logy loay # Description
Category 9y
Mining T-606 Mobile In-Pit Crusher
T-600 Fine Sizing (Crushing)
T-602 Secondary (Deep Cone)
Separation Vessel
T-604 High Temperature
Heating (for Solvent
Removal)
Extraction | 1647 Mobile versions of
& Bitumen conventional separation/
Recovery extraction equipment
T-024 Alberta Taciuk Process
T-186 Solvent Extraction
T-548 Retort Based Bitumen
Extraction




Techno- | 1o hno- Techno- | 1o hno-
logy loay # Description logy loay # Description
Category 9y Category 9y
T-603 Control of Biogenic Gas T-060 MFT Spiked Whole
during MFT Spiking Tailings
T-040 Thin Lift Drying: T-067 Cross Flow Tailings
Robinsky Cones Filtration
T-032 Accelerated Dewatering T-069 Solid Bowl Scroll
T-037 | Thin Layer Freeze-Thaw ?iii?t? é?nr gCae mg‘;’iﬁf
Cycling Dewatering (T- version)
037)
T-080 Vacuum Filtration
T-039 Accelerated (including a mobile
Evapotranspiration version)
using Vegetation
T- Th | Dryi
T-062 | (Variation) Co-Mixing 085 erma’ ~rying
Overburden and T-185 NST Production from
Centrifuge Cake Cyclone Underflow,
Thick rfl
. T-065 Interlayered Centrifuge ¢ en%r'\L/:ESJre ow
Deposition Cake & Sand — an
c and Variation of Interlayer T-197 Super CT
apping
MFT & Sand T-206 | NST from sand and TT
T-088 Shock Densification T-208 Paste Thickener
T-090 Vertical Drains
T-267 | Froth Treatment Tailings
T-099 | Stacker Hydro-cyclones Thickening
[ i il
('”C'“d\'/';?sgg'r'é)m"b' © T-529 Oleophillic
Processes/Technologies
T-188 Under-drained Tailings T-138 Water-Capped Lake
T-270 Conventional Hydraulic Reclama- (over MFT)
fill (Improvements to...) tion T-605 Water-Capped Lake
T-438 Subaqueous Capping (over mostly TT)
T-510 Tailings Discharge T-610 High Density MFT
Variations Harvesting
T-550 Tailings Surface T-611 MFT Tank Thickening
Sealants e . | T614 | Shear Conditioning of
T-601 Waste Cooling (in Retort gies Soft Tailings
Extraction Processes) T-608 Geotextile Drainage
T-609 Mobile Centrifuge Layer
Tailinas T-612 Vibrating Screens (for T-609 Mobile Centrifuge
9 dewatering sand)
Process-
ing T-018 Hydrodynamic
Cavitation
T-020 FTT — Bitumen, Solvent

and Heavy Mineral
Removal




Sixteen technologies (two similar) were selected
as high priority for inclusion in the TTD roadmaps.
These were technologies that had some combina-
tion of high benefit, low risk and/or low cost (but
not necessarily all three). Some of the techno-
logies have a wide application in a variety of tech-
nology suites; others have a much more specific
application or are of very limited use.

The high priority technologies are listed below by
mining lifecycle category. The technologies are
listed in order of technology number; no priority or
preference is implied by their arrangement.
Technologies with restricted application are
marked with an asterisk (*) and those that are of
very limited use with a double asterisk (**).

The following are the high priority technologies that
might be used as an alternate to current water
based extraction methods:

e T-024 / T-548 Alberta Taciuk Process /
Retort Based Extraction

The following are the high priority technologies
from the tailings processing stage of the mining life
cycle:

e T-060: MFT Spiked Whole Tailings*

e T-069: Solid Bowl Scroll Decanter
Centrifuge

e T-085: Thermal Drying*

e T-197: Super CT

e T-208: Paste thickener

e T-267: Froth Treatment Tailings Thick-
ening*

e T-529: Oleophillic Sieve

The last technology (T-529 Oleophillic Sieve) is
included in this list not for its potential as an extrac-
tion technique, but because of its potential for
secondary processing of tailings for bitumen
removal (and the resulting improvement in
subsequent tailings treatment steps). Several
other technologies could potentially also be used
for this purpose, e.g., Oleophillic beads (also T-
019), Hydrodynamic Cavitation (T-018) or FTT —
Bitumen, Solvent and Heavy Mineral Removal (T-
020). There may also be other as yet unidentified
technologies that could be used to remove bitumen
from oil sand tailings.
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The following are the resulting high priority
technologies from the deposition and capping
stage of the mining life cycle:

e T-032: Accelerated Dewatering

e T-062: Co-mixing MFT & Overburden*
* T-090: Vertical Drains

e T-099: Stacker Hydro-cyclones

e T-188: Under-Drained Tailings*

e T-510: Tailings Discharge Tremmie

The following are the resulting high priority
technologies from the reclamation stage of the
mining life cycle:

e T-138: Water Capped MFT Lake
e T-550: Tailings Surface Sealants**

The Technology Deployment Roadmaps

The final result of the Project was the production of
nine Tailings Technology Deployment (TTD)
roadmaps. Each roadmap focussed on techno-
logies in a research or development state, which
could potentially be used to improve an existing
commercial technology suite or contribute to the
formation of a new technology suite. Each
roadmap is thus technology suite-centered.

A list of the nine roadmaps is given in Table 2.
The TTD roadmaps are discussed briefly in a
companion report in this conference (“The Oil
Sands Tailings Technology Roadmap Project: The
Identification and Improvement of Tailings Tech-
nology Suites, and Pathways for Technology
Development”). To fully appreciate the definition
and discussion of the TDD roadmaps, the reader
should download V5 of the Project Report from
one of the aforementioned websites. The major
conclusions and recommendations related to the
roadmaps are presented in a following section.

MAIN CONCLUSIONS

The main conclusions of the study are listed below
(further, more detailed conclusions are given in
Volume 1 of the Project Report):



Table 2. Roadmap List

Rn::d' Related Tailings Technology Suite
P Name
No.
1 Centrifuging MFT with
conveyor/stacking
2 Composite Tailings
3 In-line thickening with accelerated
dewatering
4 In-line thickening with thin lift
evaporative drying
5 Thickening
6 Water capped end pit lake
7 Improvement to Water-Based
Extraction
Non-Aqueous Solvent Extraction
8 Retort Based Extraction
Parallel High/Low Fines Suite
9 In-Pit Tailings Stream
There is still no “silver bullet” tailings

technology, i.e., a single technology or suite of
technologies, which will solve all the Oil Sands
tailings challenges with a single effort.

A set of 9 TTD Roadmaps has been developed
by the Project (full Roadmaps summarized in
Section 4, with full Roadmaps in Appendix E).
These Roadmaps consider improvements to
existing technology suites and contributions to
potentially = new  suites, and identify
technologies with a high priority for Research
and Development (R&D) to effect these
changes.

a. Many improvement opportunities have
been identified across a number of
technology suites, both existing and new
(see next item).

b. A significant number of technologies have
been highlighted to address these
opportunities, and represent substantial
potential for further development in the Oil
Sands. Technologies considered applica-
ble to each technology suite are shown on
Table 6.1.

c. The status of development of individual
technologies has been plotted on a
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detailed generic model graphic, to map out
the steps required in their future research
and development.

There is a major opportunity to increase the
performance and decrease the cost of existing
commercial tailings technologies and suites
employed at the oil sands operations. These
opportunities are discussed in detail in TTD
Roadmaps 1 to 6. Some of the major
opportunities are:

a. Reduce segregation during beaching (for
Conventional Tailings, CT and TT).
Potential improvement technologies are
mostly centered on increasing the density
of the tailings stream — by thickening the
fines stream (directly or as a technology
component; various types of tank or in-line
thickeners) or by removing water from the
sand stream (hydrocycloning or filtration).
For these technologies, chemical
amendments and technologies that
remove bitumen from the tailings streams
have potential as enablers. Other
improvement  technologies focus on
reducing the amount of shear during
deposition (e.g., tremie diffuser).

b. Increase deposit strength and improve
trafficability, or alternatively, cap very soft
deposits (for Conventional Tailings, CT,
TT, Accelerated Dewatering and
Centrifuging MFT). Potential improvement
technologies focus on removing water
through drainage (e.g., vertical drains or
horizontal drainage layers), by drying
(using thin-lift deposition) or by freeze-
thaw; chemical amendments to increase
strength; or using soft soil capping
technologies (hydraulic or mechanical).

c. Improve fines capture/storage (for
Conventional Tailings and CT). Potential
improvement technologies focus on
introducing additional fines into the tailings
stream, either by fines spiking or by using
a more dense fines stream as a
technology component (e.g., for CT,
making it with highly thickened fines).

d. Address geotechnical risks (for
Conventional Tailings and CT). Potential
improvement technologies focus on
densifying the material to increase strength
or decrease the risk of liquefaction (using
technologies that promote drainage or
increase density before discharge).



Reduce long-term settlement (for TT,
Accelerated Dewatering and Centrifuged
MFT). Potential improvement technologies
focus on improving the initial density of the
tailings  stream  (through improved
thickening, which generally relies on better
chemical amendments), or speeding up
consolidation through enhanced drainage
(e.g., Vertical drains).

Address long-term environmental impacts
(mentioned for Conventional Tailings and
CT, but likely applies to most of the
commercial technology suites). Potential
improvement  technologies focus on
controlling release water chemistry (which
might be addressed by appropriate
selection of chemical amendment
technology or by water treatment), or
recovering bitumen and/or heavy metals
from the tailings streams.

For technologies that rely partially on
drying to remove water from tailings
streams (In-line flocculation with TLD,
Accelerated Dewatering, and Centrifuging
of MFT), there are specific improvements
that are needed, such as reducing drying
area requirements, improving consistency
of the processed tailings stream, and over-
coming rheology effects (too steep or too
short of tailings runout). Not all of these
issues are applicable to all of the
technology suites mentioned, but potential
improvement  technologies focus on
improved thickening (usually, with better
chemical amendments), pre-treating the
initial tailings stream to remove bitumen
(e.g., using oleophillic sieve or similar
technology), modifying discharge methods
(e.g., use of central-point discharge), or
enhancing the effects of drying with freeze-
thaw techniques.

Separate fines rich from fines poor ores
and then treat the two ore streams
separately. Potential improvement
technologies include selective mining and
the use of non-water based extraction
technologies.

If tailings streams are separated for
whatever reason, (e.g. using a cyclone),
keep them separated for processing and
deposition. For example, this is already
done in producing TT, but there may be
other improvement opportunities of this
nature.

20

j- The water-capped MFT technology suite

has its own specific improvement
opportunities, many of which are related to
achieving a higher density of the water-
capped MFT or capping alternate, higher
density fine tailings. Potential improve-
ment technologies include centrifuging or
thickening (in-line or tank) of the MFT, or
high density MFT harvesting from existing
ponds.

The typical time frame required to progress a
technology through the Research stage is from
2 to 3 years, and through the Development
stage from 2 to 5 years. Additional time may
be required after initial commercial imple-
mentation to bring the technology to a mature
state — in the order of from 1 to 5+ years.
Timelines for bringing potential tailings
technologies to full commercial implementation
are thus quite long (from 5 to more than 10
years); this fact must be recognized when
planning tailings management improvements
(to reach desired reclamation and closure
objectives, or in responding to regulatory
changes).

MAIN RECOMMENDATIONS

The work of all parties associated with the Project
demonstrates the very important benefits of full
cooperation and communication amongst opera-

tors,

and between operators, regulators and

consultants. The efforts to date are to be lauded,
but this is not the time to relax focus on solving the

very real oil sands tailings issues.

Rather it is a

time when this past success should be leveraged,
and for this reason, the following major recommen-
dations are offered:

1.

As a follow-up to the TTD Roadmaps included
herein, the following next steps should be
taken:

a. The Roadmaps should be assessed by
individual operators for applicability to their
specific site(s), mining practices, and
tailings inventories, so that company
priorities for R&D can be set.

b. More detailed R&D plans should be
generated from the selected Roadmaps
and specific R&D technologies. There is a
role for both operators and regulators to
play in this process (further discussion
below).



In regards to the previous point, the TTD
Roadmaps and related information should be
regularly revised, so that they do not become
dated. This should include:

a. Setting up a process to receive additional
tailings technology as it becomes
available.

b. Soliciting information from credible and
experienced vendors who have so far not
become involved in oil sands tailings.

c. Lowering the threshold for potential
vendors to participate in the Roadmap
process. This should include defining what
‘entrance” information is needed and
standards for data submitted to the
government and operators (including such
items as protocols for sampling and
laboratory testing).

d. As the technology database is updated,
the technology evaluations and TTD
Roadmaps should also be updated to
reflect the new information.

The Roadmaps given in this report have
focused largely on Tailings Processing and
Tailings Deposition & Capping technologies.
More focused study and attention should be
given to potential technologies from the other
mining life cycle categories (Mining, Extraction
and Reclamation) that could contribute to
better tailings management. Some examples
include (but are not limited to) the following:

a. Water based bitumen extraction methods
are mature technologies and are key to
current oil sands economics. They are
unlikely to be replaced without significant
development of new methods, with proven
economics and commensurate (step
change) benefits to tailings, but only if
environmental and economic factors can
be addressed. This is a major research
initiative.

b. A “position paper” that defines the current
state of Reclamation technologies, and
casts a wide net in searching for “new”
technologies that have not been used in
the oil sands industry to date, should be
prepared.

The full potential of chemical amendments as
technology enhancers has only begun to be
addressed. Greater R&D focus should be
brought to bear on this issue, particularly by
leveraging the knowledge of vendors who are
active in industries outside of oil sands, but
which has not been tapped to date.
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5. A more flexible

a. Recommendations 2b) and 2c), regarding
lowering the entrance threshold for
companies who want to contribute to
solving tailings problems, are particularly
germane to this point. If the industry
expectation is that proponents take a
particular tailings technology through steps
1 to 3 (or 4) of the R&D model prior to
approaching oil sand operators, then the
types of tests and standards for carrying
them out should be clearly defined.

b. The OSTC should consider establishing or
maintaining large lab and pilot scale
facilities, which could be used by vendors
or other third party proponents to
demonstrate the effectiveness of their
chemical amendment(s), after they have
passed their “entrance exam”.

c. The development of partnerships between
Oil Sands industry operators and tailings
technology providers should be further
encouraged by establishing collaborative
investments and testing programs, which
would realize accelerated benefits from
new technologies.

regulatory approach that
places more emphasis on achieving TMR
Objectives, and less emphasis on short-term
goals, would result in more effective and less
costly tailings reclamation efforts. Government
regulators should give serious consideration to
updating current regulations. Several
examples are as follows:

a. Current regulations are focused on the
shear strength of the soft tailings only,
whereas trafficable surfaces require
compatibility between the cap and the
underlying soft tailings. Current plans and
regulations for stabilization, capping, and
reclamation of soft tailings deposits should
be re-examined for compatibility with
material properties (both capping materials
and underlying tailings), the scale of the
operation, costs, and the desired
landscape performance. Various methods
for hydraulic capping should be included in
this evaluation.

b. In a similar vein, current regulations
assume particular capping and reclamation
methods but exclude others due to
restrictive criteria. Consideration should
be given to technologies that are able to
cap very soft deposits and promote early
consolidation and strength gain, as
opposed to the more traditional



approaches that require access

mechanical equipment.

by

It became clear when carrying out the Project
work that issues of water balance and water
chemistry are becoming critical and need
attention.  Initial efforts at defining water
treatment needs were addressed in the
Project, but this issue is larger than just water
treatment. A similar focus should be directed,
in the future, at addressing water storage and
water release issues as was given to tailings
management issues herein, with a similar
definition of objectives for surface and ground
water, and means of achieving those
objectives.
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PREAMBLE

The first version of this presentation (Morgenstern,
2012)) was presented at the David C. Sego
Symposium held at the University of Alberta on
April  26-27, 2012. It was received with
considerable interest and | was encouraged to
present it to a larger audience. This update
integrates some comments that | have received
and expands on the central theme.

OIL SANDS MINING — THE END GAME

WIKIPEDIA defines End Game as the ending
scenario of a particular game; when and how it will
end, most prominently used in chess. In Oil Sands
Mining (OSM) the ending scenario is Closure
leading to Certification whereby custodial transfer
returns the lease to the Crown with, for all practical
purposes, the prior Operator being relieved of on-
going obligations and responsibilities. This
presentation will summarize my sense of how this
End Game evolved and the difficulties to be faced
in applying it in future practice. It will raise the
question whether alternate End Games are more
practical and desirable. The purpose of the
presentation is to expand the discussion around
the question: What is the optimal End Game for
OSM?

THE CHALLENGE OF CLOSURE

NASA supports a wonderful web site that presents
sequential imagery of the oil sands mining leases
from 1984 to 2011, inclusive.

(http://earthobservatory.nasa.gov/features/worldofc
hange/athabasca.php)

As of September 2011, roughly 602 square
kilometres of land had been disturbed for oil sands
mining. The distribution and holding of available
mining leases has recently been consolidated
among corporations so that the type of industrial
stakeholders going forward is now clearer. A
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recent estimate of the surface mineable area is
4,750 square kilometres and 99% is under lease
(see Figure 1). The ultimate landscape, based on
experience to date, will be dominated by mine
waste and water management structures with a
significant but smaller area, devoted to plant sites
of various kinds. The mineable area straddles the
Athabasca River.

A casual assessment of the dominant landforms
reveals the widespread presence of process-
affected water, either on the surface or in the
groundwater. Its conjunction with both major and
minor waterways raises issues rarely encountered
in mine closure.

Bringing this landscape to Closure, consistent with
regulatory requirements, is a unique challenge.
Put simply, we, the multiple stakeholders, are

engaged in the largest project of ecosystem
reconstruction that, arguably, has ever been
undertaken. It therefore behooves us to make

every effort to ensure that the enterprise is well-
directed for success. While to some, the scale and
complexity of Closure of the lands disturbed by oil
sands might be excessively daunting, | regard it as
a precious opportunity to contribute to enhancing
the sustainable development of the oil sands area
by creating the most-effective land management
system that is consistent with our policies. This
discussion of alternate End Games is intended to
be a contribution in that direction.

EXPERIENCE WITH CERTIFICATION

The current End Game is custodial transfer of
disturbed lands back to the Crown, following
certification.  Once reclamation to appropriate
standards is complete, monitoring activities begin
and it can take 15 or more years to effectively
establish an acceptable ecosystem. Reclamation
certificates are only issued when long-term
monitoring demonstrates that the reclaimed land
meets the objectives of equivalent land capability.
The Regulator has now established a classification
of disturbance,
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Figure 1.

ranging from Cleared to Certified. This provides
for accounting of the efforts devoted to
intermediate stages of reclamation. As shown in
Figure 2, as of December 31, 2010, 71,497 ha had
been disturbed with 104 ha certified. Since that
time the disturbed area has increased, but

with no increase in certified areas. To my
knowledge, there are no plans in the industry to
apply for additional certification in the near future.

Figure 3 (Macyk and Drozdowski, 2008)
summarizes the major regulatory changes and
documents to guide reclamation practice and
mechanisms for measurement of reclamation
success. It seems most likely that the early lease
approval process drew upon the then existing
practice for approval of coal mining. Within the
time period of approval of commercial
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Alberta's Leased Oil Sands Area (from Alberta Energy, Alberta Leased Area).

development of early oil sand leases, (Suncor and
Syncrude) experience had already been gained in
reclamation and Certification within the coal
industry. At the time coal mine operations in
support of thermal power production west of
Edmonton were disturbing, reclaiming and
certifying about 100 hectares a year. The
certification process took about one year for each
block and, at least for awhile, became relatively
routine. It was not unreasonable to assume that
this process could be extended to the oil sand
industry.

At the time of the initial permits, forest
management for commercial purposes was a high
priority within the Regulatory community and the
achievement of “equivalent land capability” was
often interpreted to mean just the return of an area



capable of supporting commercial forest equal to
the original area. As the industry matured, it
became increasingly less clear as to what
“equivalent land capability” means. The ambiguity
is discussed in some detail in (Jones and Forest,
2010).

The sole Certified area is called Gateway Hill.
This landform began life as an out-of-pit
overburden dump early in Syncrude’s operations.
The area was first planted in the early 1980’s and
Certified in 2000, approximately 30 years after its
initial formation. As someone involved in advising
Syncrude on reclamation-related matters at that
time, | remember supporting the recommendation
to apply for certification in order to gain experience
with the process.

The experience was disappointing. Gateway Hills
is the simplest landform conceivable in the
industry, yet certification took about ten years from
the decision to certify and receiving certification.
The incremental costs required to meet the
approval standards were surprisingly high and the
requirements being imposed appeared to lack
transparency. It was my impression that the
Regulatory system was not prepared to engage in
Certification of oil sand landforms in the same
manner that it had engaged in the coal industry.
However all participants in this certification
exercise benefitted from the experience, as did the
industry as a whole.

Reclamation is primarily regulated under the
Environmental Protection and Enhancement Act
(EPEA) originally administered by Alberta
Environment and now administered by Alberta
Sustainable Resource Development (ASRD).
Since 2007, EPEA approvals for oil sand mines
include the following conditions, amongst others:

e “The approval holder shall reclaim the
land so that the reclaimed soils and
landforms are capable of supporting a self-
sustaining, locally common boreal forest,
regardless of the end land use.”

* “The approval holder shall revegetate the
disturbed land to target the establishment
of a self-sustaining locally common boreal
forest, integrated with the surrounding

”

area.... .

This welcome broader perspective embraced by
EPEA approvals places greater emphasis on
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integration at lease boundaries, on the return of
regional ecosites, improved soil salvaging and on
wetlands reclamation. To facilitate achieving these
objectives a number of technical guidelines have
been produced, and reporting requirements have
been amplified. A valuable summary of these
developments is provided by Richens and Purdy
(2011) while Houlihan and Hale (2011) have
published Figure 4, that summarizes the
perception of the regulatory process and
associated time lines that lead to Certification.

With respect to the Certification process itself,
Richens and Purdy (2011) reveal that starting in
2009 Regulators worked with a consultant to
develop a comprehensive and updated
“‘Administrative = Guide to the Oil Sands
Reclamation Process”. This evidently incorporates
learning from the past experience and provides,
among other things, details on the reclamation
standards, the review process, as well as an
appeal process. This document will be an
important contribution to improving the success of
the Certification End Game, but at the time of
writing it has not been finalized and published.
Poscente and Charette (2011) provide an
indication of the complex structure required to
reduce the Certification process to a set of
indicators.

While the broader vision of ecosystem
reconstruction embraced by more recent
development approvals is welcome, as are the
research efforts culminating in technical guidelines
to facilitate improved practice, the resulting
process leading to certification is untested and
encumbered by considerable uncertainty. This is
reflected in the report on the Oil Sands Mining
Reclamation Challenge Dialogue sponsored by the
Oil Sands Research and Information Network
(OSRIN) and published by Jones and Forrest
(2010). Figure 5, from this report, captures the “oil
sands reclamation system” that was the theme of
the Challenge Dialogue, while Figure 6 captures a
process-oriented view of the path to Certification.
Significant gaps and uncertainties exist even within
this simplified vision. Moreover within the real
system, dominating issues like the ultimate fate of
process-affected water, remains virtually
unattended.

The challenges associated with Certification are
amplified in another Report issued by



The Reclamation-Process™

In-2009, new-definitions were-intrcduced to-better-track-the level of land disturbance-and-
reclamation progress to-date. "

B Certified Reclaimed
B Permanent Reclamation
W Termporary Reclamation

Cumulative Hectares (1000s)

B Soils Placed
Ready for Reclamation
B Disturbed
B Cleared
2010
Yoar

Al numbers are ms of December 31, 20970 T
|
Certified Reclaimed - 104 -hectares If an-area meets-stringent-requirements-for-
reclamation, regulators-will-issue-final-certification-and-the land-is-returned to-the-Crown-
as-public-land.- To-date, one-area called-Gateway:Hill is-certified reclaimed. 7

Permanent-Reclaimed --4,835 hectares (3,643 hectares terrestrial; 1,192 hectares:
aquatic and wetlands)- Landform-design,-soil placement,-and tevegeiation-are-
complete-(for-both-land -and-aquatic ecosystems).-Companies-must-use local-plant-
species to-target-the retum-of-local boreal forest-ecosystems. -Soils-are-tested-and-tree:
and-shrub-growth-is-monitored-for-15+ years. - When ecological trends-are-achieved,-the:
company-can-apply-for-reclamation certification. 7

Temporary Reclaimed-- 780 -hectares Some-areas-are reclaimed and tevegeiated to-
grasses for-the purposes-of-stabilization-and-erosion-control.- These-areas-may -also see-
future distrubance, 7

Soils Placed -1,534 hectares Soils-have been-placed as directed by-each facility's-
reclamation-and-soil placement plans,-as-approved by-regulators. 7

Ready for Reclamation -394 hectares Areas that-are no-longer-required for mine.qr.

plani.purposes-and -are therefore -available for gclamation, - Reclamation- activiies have:
not-begun.

Disturbed - 46,859 hectares Land is still part-of the active operations- of a facility. 7

Cleared --17,055 hectares Land is-cleared-of vegetation, but-the soil-is-relatively-
undisturbed. In-forested -areas, the trees-are-harvested-and-some-of the-smaller woed:
may-be-conserved for-use in-reclamation. - Total-active footprint-as-of- December-31,-
2010-for-all-oil sands -mining-activities, including land-cleared, -disturbed-and -reclaimed-
was 71,497 hectares 7

Figure 2. The Reclamation Process (Alberta Government Oil Sands webite).
(http://oilsads.alberta.ca/reclamation.html)
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Summary of Major Regulatory Changes and Documents
to Guide Reclamation Practice and Mechanisms for
Measurement of Reclamation Success

A + 2007 Guidelline for Wetland
Establishment on Reclaimed Oils Sands
Leases (Revised Edition)

« 2000 Guideline for Wetland « 2006 Land Capability Classiﬁcab'on for
Establishment on Reclaimed Oil Sands 2003 wf Forest Ecosystems in the Oil Sands (3*
Leases ed.)

+ 1998 Guidelines for Reclamation to
Forest Vegetation in the Athabasca Oil
Sands Region

* 1997 Forest Capability System for
Reclamation in the Oils Sands Region

* 1996 Land Capability Classification
System Introduced
i 1993
» 1993 Agriculture Capability Classification

+ 1993 Environmental Protection and for Reclmation: Working Document

Enhancement Act — contained
requirement to return disturbed land to an
equivalent land capability

+ 1987 Soil Quality Criteria Relative to
Disturbance and Reclamation (Revised)

1983 walm

+ 1981 *Proposed Soil Quality Criteria in
Relation to Disturbance and Reclamation

* 1977 Guidelines for the Reclamation of
Lands Affected by Surface Disturbance
Lands Affected by Surface Disturbance
(Land Conservation and Reclamation
Council)

+ 1976 Coal Development Policy for Alberta

+ 1973 Land Surface and Reclamation Act
began to require conservation and
reclamation planning

= 1973

+ 1963 Surface Reclamation Act — Mined
areas had to be levelled and contoured to
1963 T provide water drainage and allow normal

farming practices to become possible.
Established field enforcement staff in the
form of the Reclamation Council and
provided for reclamation certificates

Comprehensive Report on Operational Reclamation Techniques in the Mineable Oil Sands Region Prepared
for Cumulative Environmental Management Association (CEMA). Prepared by: T.M. Macyk and B.L.
Drozdowski, Alberta Research Council Inc. September 15, 2008

Figure 3. Summary of Major Regulatory Changes and Documents to Guide Reclamation Practice
and Mechanisms for Measurement of Reclamation Success. (R.K. Jones and D.
Forrest, October 2010).
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OSRIN arising from a Workshop on the
Information that Professionals Would Look for in
Mineable Sand Reclamation Certification
(Creasey, R. 2012). This Workshop involved the
participation of 50 technical specialists from a
variety of disciplines representing about 850 years
of experience. Some of the conclusions arising
from the Workshop are disconcerting as quoted
below:

"The workshop also sought to determine how the
confidence in decision making is affected by the
use of field equipment/tools and the value of
background data and reports in increasing
confidence. Given the extensive experience of the
workshop participants, it was surprising to see how
little confidence they had in using only their
knowledge and experience to make reclamation
certification decisions, although this likely reflects:

* The increasing complexity of oil sands
reclamation

* The difficulty in describing what success is

* The diversity of reclamation substrates,
especially the uncertainty surrounding
tailings (both in terrestrial and pit lake

e The wide range of and
stakeholder expectations
e Concerns that judgment will vary too much

among people and over time to be a

regulator

reliable method for such an important
decision

e The liabilty that is attached to the
decision."

It is my view that if the reclaimed landscape
consisted primarily of landforms like Gateway Hill,
the updated End Game would have a chance of
success. However, the reclaimed landscape is
dominated by surface and subsurface water
considerations, and given the current limited
progress in dealing with these issues, it is my view
that the updated End Game will also not be fit for
purpose. If this view is widely shared, it raises a
serious concern for all stakeholders.

IS CERTIFICATION POSSIBLE?

Butler and Bentel (2011) have made a valuable
contribution in their recent paper on mine
relinquishment (Certification). They write as
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Regulatory process and timelines for oil sands and coal mines (Houlihan & Hale, Mine



“Mine relinquishment in general relinquishment possible, or

terms is the completion of the practicable, or is it becoming less
reclamation activities, meeting probable?”

agreed closure objectives and

return of the site to the landowner. The paper offers some guidance on improving the
Relinquishment  planning  and potential for relinquishment. The guidance is of
completion is a concept that value whether or not it results in certification.

governments and communities
speak to as an expectation and
that the mining industry aims to
achieve. But there are few
standards or guidelines that
provide the how to, and only a
precious few mine sites have
attained all or even partial release.
As regulatory requirements for
mine reclamation activities and
reporting evolve in detail and
scope, and bonding becomes the
norm, reaching the end point
remains elusive for many sites.
Instead the current end point for
most is care and maintenance. Is

Based on my general experience with the mining
industry beyond the oil sands the likelihood of
achieving Certification resulting in custodial
transfer is remote. Ultimately, closure is all about
water. In the metals industry, all the acid
generators, metals leaching, suspended solids etc.
issues are related to water. | know of no recent
mines, other than in dry climates, that are
proposing custodial transfer solutions and many
that made enormous efforts in this regard but were
ultimately disappointed. Following a visit to 100
mine sites McKenna (2002) found that the only
mines not likely to need perpetual maintenance
were very small and had very good chemistry.
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Figure 5. Emerging discussion themes and key discussion points — the "oil sands reclamation
system”. The inset shows the themes as interdependent cog wheels. (R.K. Jones and
D. Forrest, October 2010).
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progress is reported
Land is
) certified Reclamation

Land is certificate

returned application content

to Crown is develoved
Certification
criteria are Monitoring
developed protocols are

Revegetation
completed

Mining and
extraction underway

Figure 6. Simplified process-oriented view of the "reclamation system"”.
(R.K. Jones and D. Forrest, October 2010).
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Kennecott Minerals Co. Ridgeway Mine is an
interesting example. It is a gold mine that
completed operations in November, 1999. The
reclamation challenge involved the tailings
impoundment, two pit lakes and wetland systems.
The corporation was a model in engaging the local
communities to evaluate options which involved
conventional reclamation, creation of wetlands, a
pit lake development plan of about 10-14 years,
followed by a 30 year post reclamation monitoring
period that begins when pit lakes fill to ultimate
level and the establishment of an Environmental,
Education and Research Centre. Even after this
lengthy period all with these and other community-
centered contributions, it is not evident that walk-
away relinquishment will be achieved. This is also
illustrated by Kennecott's experience at Flambeau.

In OSM, much emphasis has been on terrestrial
reclamation, but it should be recognized that a

number of other challenges inhibit reaching
Certification. The following illustrate these
challenges:

i) Some tailings structures (e.g., South Tailings

Pond at Suncor) are being constructed on
sand channels. They are being managed
extremely well to avoid process-affected-
water discharging off lease boundaries.
(e.g., Holden et al, 2001). The operator has
agreed to manage the seepage until it meets
discharge criteria. The time required for this
is almost indeterminate, but in any case will
be decades.

It is known that pore water associated with
the construction of Tar Island Dyke is
seeping into the Athabasca River. No
impacts to the aquatic ecosystem have been
found. However, it could take about 100
years for this seepage to end. Does this
preclude Certification until the draindown is
over?

iii)  There is currently a lack of public trust in the
assessment of the impact of the oil industry
on the water quality in the Athabasca River,
notwithstanding a positive assessment by
the Royal Society Study (Royal Society of
Canada, December 2010). This arises from
both technical and non-technical reasons.
Regardless of how this trust was lost, it
precludes the likelihood of any early
resolution of discharge criteria for process-
affected water to the river.
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Water treatment is entering the business
case for several operators. It is easy to
imagine that once these plants start-up, they
will be incorporated as essential in the very
long term to enhance water quality stored on
sites.

Many reclaimed tailings ponds will involve
long term settlement that will require
adjustment to drainage features. Does this
preclude Certification until the process has
ended?

vi)  About 30 end-pit-Lakes are proposed in the
OSM industry. CEMA (2012) have produced
an excellent technical guidance document
on this important landform that anticipates a
timeline, replete with adaptive management,
of about 100 years from lease development
to certification. Even this recognizes the
need for more complex governance than
simple Certification as experienced so far.
vi)  There is no denying the importance of
wetland reclamation in OSM ecosystem
reconstruction. Foote (2012) makes a
compelling case that it is not possible to
satisfactorily predict post mining reclamation
of wet lands in advance which emphasizes
the limitations of the End Game based upon
certification.

THE IDEAL END GAME

Prior to recommending alternate End Game
strategies, it is of interest to list the characteristics
of an ideal strategy. The following come to mind:

1)
2)

It must honour government policy

It should expand stakeholder participation.
For example, Fort McKay have continually
expressed their desire to be involved in the
Certification process (Buffalo, K., et al,
2011).

It should provide world-class scientific and
managerial leadership in large-scale
ecosystem reconstruction.

It should support industrial
arising from its mandate.

It should recognize its obligation to maintain
archives of the reconstructed landforms and
other relevant data.

It should recognize the impact of changing
societal expectations with time.

opportunities



7) It should provide confidence in Operators
that the temporal limit to reclamation efforts
and related financial obligations can be
determined in a well-defined manner.

It should strive to ensure that reclamation
related expenditures are optimally cost-
effective.

It should embrace response to extreme

events (flood, rain, fire) in its vision.

8)

9)

ALTERNATE END GAME STRATEGIES

It is my view that an alternate End Game strategy
to be preferred over the current Certification
process is one based on perpetual care.
Fortunately, the Native Orphaned and Abandoned
Mines Initiatives (NOAMI) (Holmes and Stewart,
2011) has recently supported the production of an
excellent resource document on  “Policy
Framework in Canada for Mine Closure and
Management of Long Term Liabilities” (Cowan
Minerals Ltd., 2010). It is essential reading for
anyone wanting an up-to-date assessment on
these issues, as experienced by both national and
foreign jurisdictions.

In assessing the role of perpetual care, long-term
monitoring and maintenance, the Report states the
following:

however, that there are
closed out under

"We know,
elements of sites
acceptable  technical standards and
guidelines that now require long-term
monitoring and maintenance in order to
ensure the safeguards remain intact and
are performing as intended in the closure
process. These safeguards can range
significantly depending on the complexity of
the original mining operations but generally
deal with items such as:

. pit wall stability for open pit mines

. shaft cap stability

. tailings and tailings dam stability

. waste rock/cover stability

. tailings cover integrity in relation to
design for acid generation

. continued water quality within
accepted standards (which may
include treatment)

. crown pillar stability

. protection against vandalism

. aesthetics
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The following issues are identified:
1) Many current mining operations throughout
the world are subject to closure or
rehabilitation plans to ensure sites are
restored by site owners, to pre-existing or
other reasonable land use when mining
operations cease. However there are
elements of closed sites with currently
acceptable rehabilitation practices in place
that will require some form of monitoring and
maintenance to ensure physical and
chemical integrity of the site.

Providing sufficient funding to address these
long-term needs is in its infancy. Estimates
of these costs vary across jurisdictions and
occur prior to relinquishment of lands to
responsible authorities.
Providing for sufficient
unforeseen incidents.
Stakeholders need to be assured that
funding and the appropriate application of
funds is sufficient, directed to site needs, and
physical/chemical issues dealt within an
effective and efficient manner.

Site information is complete, securely stored,
maintained and easily accessible for use.

2)

funding  for

5)

Policy Guidance included in the Report is
as follows:

* Ensure all closed out site features that may
present a future hazard and cost are identified
in all the closure plan process.

* Develop a site land return process that
focuses on these features/hazards to provide
a degree of certainty of impacts, potential for
occurrence, level of risk acceptance and
method of costing. This should include worst
case scenarios to assist in  emergency
response planning and costing.

. Establish or identify a jurisdictional body that
coordinates agency/stakeholder inputs and
has authority to negotiate final assurance
requirements and develop appropriate
inspection programs.

* Establish a recognized authority for receipt of
assurance and tracking and consistent
application of funds for  monitoring,
maintenance and emergency requirements.
This should include funds dedicated to site
specific features as well as funds established
for unforeseen incidents.

. Ensure funds are held in dedicated accounts
with appropriate investment growth potential.



Establish a secure archiving/filing system to
store mine site data for ready access.

Ensure all land use restrictions are applied,
recorded, enforced and appropriately identified
in all land use planning systems such as GIS."

It is evident that an End Game based on perpetual
care can go some distance to meet the ideal
outlined above. The Cowan report provides details
on financial estimating to support perpetual care
and hence constitutes a starting point for these
considerations.

It is of interest to know that the Province of
Saskatchewan has already taken action in this
regard by the establishment of its Institutional
Control Program (ICP) Saskatchewan
MERP( 2011). The elements of the ICP are as
follows (Butler and Bentel, 2011):

"Institutional Control consists of these
actions, mechanisms and arrangements
implemented in order to maintain control or
knowledge of a remediated site after
project closure and custodial transfer to
some form of responsible authority. The
two primary components of the ICP are the
Institutional Control Registry and the
Institutional Control Funds: the Monitoring
and Maintenance fund and the Unforeseen
Events Fund. The Registry maintains
formal records of closed sites, manages the
funding and performs any required
monitoring and  maintenance  work.
Registry records include the location and

former operator, site description and
historical records of activities, site
maintenance, monitoring and inspection

documentation and future allowable land
use for the site. The Monitoring and
Maintenance Fund pays for long term
monitoring and maintenance; the
Unforeseen Events Fund will pay for
unforeseen future events. Examples of
these may include damage resulting from
floods, tornadoes or earthquakes. To
address the province's risk of accepting
sites into custodial responsibility and the
costs of future monitoring and maintenance
and unforeseen future events, dedicated
site specific funding is established by the
site holder responsible for an individual
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site. The funds would be managed by the
province but are legislated and
independent from the provincial revenue
(Saskatchewan Ministry of Energy and
Resources, 2009)."

Butler and Bentel (2011) also cite the example of
the Contact Lake mine, which is a gold mine that
closed in 1998, and which achieved custodial
transfer in 2009 with the assistance of the
Institutional Control Registry. The details of the
process where-by this mine achieved custodial
transfer merit study.

NEWS RELEASE ON JUNE 1, 2015

The Government of Alberta announces the
formation of the Wood Buffalo Land Management
Corporation (WBLMC). The WBLMC is a crown
corporation that assumes responsibility for
managing the surface rights of lands disturbed by
oil sands mining in a manner compliant with
Government reclamation policy. It is governed by
an independent Board of Directors and funded by
agreements made with Mine Operating Companies
to assure long term care and maintenance of
disturbed lands. A joint agreement with several of
the First Nations group has been signed to ensure
participation in the WBLMC.

The WBLMC has entered into a joint agreement
with EPCOR-NORTH to administer a distributed
water treatment network and engage in research
and development related to more cost-effective
regional water management.

It has also entered into a joint agreement with the
University of Alberta and Keyano College to initiate
a training and research centre on Ecosystem
Reconstruction. This will alleviate the shortage of
skilled eco-system engineers required by the
WBLMC and operating companies.

A number of Mine Operating Companies have
agreed to develop their closure plans in a more
integrated manner based on watershed
disturbance. This welcome approach arises from
the technical directions proposed by the WBLMC.

The head office of the WBLMC is in Fort McMurray
with subsidiary offices in Edmonton and Calgary.



CONCLUSIONS

The current policies of custodial transfer by
Certification are untested on the complex issues
associated with the reclamation of lands disturbed
by OSM. Alternate strategies that could implement
government policy merit consideration. Strategies
based on perpetual care are attractive in this
regard and should be assessed.
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Session 1 — Tailings Deposition 1

FINES CAPTURE IN A LONG TAILINGS BEACH AT THE SHELL
MUSKEG RIVER MINE EXTERNAL TAILINGS FACILITY: HYDRAULIC

AND DEPOSITIONAL ASPECTS
G. Esposito and R. Nik
Shell Heavy Qil Technical Services

ABSTRACT

At Shell Albian Sands oilsands operations, bitumen
extraction produces three tailings streams, namely
coarse sand tailings, thickened tailings, and
tailings from the solvent recovery unit. The three
streams differ in flow rate, concentration, and
particle size distribution of the solids fraction. Since
2004, these three tailings streams have been
continuously discharged in the same area, the
north-east corner of the External Tailings Facility
where they have formed a long beach. The
average fines content observed in this deposit is
around 25% using 44 micron as the fines cut off. It
may have the highest fines capture for an un-
engineered tailings deposit in the oil sands
industry. It is important to understand the
depositional and hydraulic aspects associated with
sub-aerial tailings placement on this beach and
provide insights into the possibility of maximizing
fines captured in beaches by conventional tailings
operation techniques. Several years of sample
profiles and testing are provided, along with
general observations and potential implications for
the oilsands industry.

DEFINITIONS
In this paper, the following definitions are used:

Beach is a solid tailings deposit;

Fines are defined as the mineral particles
smaller than 44 microns;

Fine tailings are tailings deposits or slurries
having a maximum diameter equal to or smaller
than 44 microns;

Coarse tailings are tailings deposits or slurries
having a minimum diameter larger than 44
microns;

Clay-size tailings or clays are the mineral
particles smaller than 2 micron;

Bitumen is the hydrocarbon measured from
Dean Stark extraction;

Particle Size Distribution (PSD) is determined
by means of Laser Diffraction (LD) according to
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the Shell Canada tailings investigation standard
working procedures (2010);

Fines content is the ratio between mass of fines
and mass of mineral solid in a tailings deposit;
Fines capture is the ratio of mass of fines in a
beach to the mass of fines discharged by a
tailings line; and

Bitumen content is the ratio between mass of
bitumen and the total mass of a tailings deposit.

INTRODUCTION

The Athabasca Oil Sands Project (AOSP) is a joint
venture among Shell Canada Energy (60%),
Chevron Canada Limited (20%) and Marathon Oil
Sands L.P. (20%). The AOSP came on stream in
2003 with a design capacity of 155,000 barrels per
day (b/d). Tailings, the residual by-product that
remains after the bitumen is separated from the
mined oil sands ore, are an important matter for
the oil sands mining industry. Tailings are
composed of residual bitumen and solvents, water,
sand, silt and clay particles. Upon deposition into
the tailings pond, coarser fraction settles close to
the discharge point and forms a solid deposit
(beach), while the finer part of the tailings remains
suspended in the run-off and accumulates in
tailings ponds. In the Western Canadian oil sands
industry, it is common practice to assume that 50%
of the total fines in the ore feed is captured in
beaches and dykes, whereas the remaining 50%
accumulates in fluid ponds as fluid fine tailings.
The 50% of the total fines captured in beaches and
dykes is generally in deposits having fines content
not exceeding 15%. This assumption together with
the time required for the suspended fine tailings to
settle from suspension has important implications
for tailings space planning.

Since start of operations in 2003, Shell Canada
has conducted annual tailings investigations to
monitor the volume and the properties of the fluid
tailings at the External Tailings Facility (ETF) and
to assess the geotechnical stability of the beaches.
From 2009, the annual tailings investigation scope
has included additional sampling and testing



techniques for the tailings beaches to increase the
understanding of the depositional features of these
deposits. The results of the investigations indicate
that the fines content of the North-East corner (NE
beach) of the ETF exceeds the industry
assumption of 15%. This paper shows the results
of the investigations at the NE beach, offers
preliminary interpretation of the depositional
mechanism, and discusses the consequences of
this on tailings space planning.

HISTORY OF TAILINGS DEPOSITION
AT THE NORTH-EAST CORNER OF
THE ETF

Current bitumen extraction at Muskeg River Mine
(MRM) produces three tailings streams, namely
coarse sand tailings (CST), thickened tailings (TT),
and tailings from the solvent recovery unit (TSRU).
Despite its name, CST tailings are, a fine grained
sand tailings stream with, a relatively low fines
content. CST is the underflow stream of the hydro-
cyclone used in the extraction process. The hydro-
cyclone overflow is, after other treatments, sent to
the thickener. The TT tailings are the thickener
underflow and are classified as, a medium-coarse
silt slurry. The TSRU tailings is the stream
produced from the solvent recover unit, and it is a
medium silt slurry with an average bitumen
(asphaltene) content around 7%. Since start-up,
the three tailings streams have been discharged
into the External Tailings Facility (ETF). TT and
TSRU were initially pumped into two dedicated
ponds (Figure 1), whereas CST was used as
construction material to raise the dykes or
discharged into the main pond.

-
il |

TT Pond

TSRU' |

‘ 'ﬁ ; 4 “Pond
| ' i

Main Pond

/
v

Figure 1. North portion of the ETF in 2003.
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At the end of 2004, it was decided to halt the
raising of the dykes delimiting the TSRU and TT
ponds. As result, a long beach began forming
(Figure 2), initially helped by the presence of the
overtopped dykes that acted as groins limiting the
flow and the movement of sediments. Figure 3
shows the current (June 2012) situation, with a
long beach reaching a length of 1,400 m from the
tailings discharge points located on the external
dyke.

Figure 2.

wl

_Spction 3B

Figure 3. ETF in 2011, testing and sampling

locations, and section 3B.



TAILINGS FLOW AND DEPOSITION

Tailings discharge at the NE beach of the ETF has
formed two geomorphological zones (Schumm,
1977). The first zone extending few hundred
meters from the discharge point (production zone)
is a sediment transfer zone. Tailings discharged
sub-aerially from pipes form a crater as result of
the impact of the slurry jet on the existing
Beach-Above-Water (BAW). Subsequently, the
slurry flows from the crater onto BAW forming a
sinuous single channel (Figure 3) which is
dominated by sediment transport. Deposition in
this zone is limited to relatively large particles.

The second zone is the sediment deposition zone
where the channel divides into many separated
sub-channels forming an alluvial fan (Figure 3).
The formation of tailings alluvial fans in a tailings
pond is well described in Parker et al. (1998a and
1998b). The flow of water and sediments over the
fan surface is channelized into a number of
braided anabranches. At any given time, the
anabranches occupy only a small fraction of the
area, but tailings are deposited across the entire
fan as the channels shift and avulse. This is also
triggered by the relocation of the tailings discharge
lines in the area. Inspection of Lidar images
indicates that the entire area of the fan is reworked
in a matter of five-six months even when tailings
lines are not relocated.

The statistics of the tailings lines discharging at the
NE beach are in Table 1. The CST stream is, a
hyper-concentrated slurry transporting fine sand
tailings generally poorly sorted. The TT and the
TSRU lines discharge more diluted slurries
containing well-sorted mineral solid ranging from
medium-coarse silt (TT) to medium silt (TSRU).
Whereas CST discharge is not continuous at the
NE beach, TT and TSRU lines have been
permanently located in this area in the previous
years. Table 2 shows the mineral load discharged
at the NE beach from 2008 to 2011. During this
period, the average fines content of the tailings
discharged by the three streams was 35% of the
total mineral solid. Around 65% of the fines mass
discharged have been captured in NE beach. For
sake a comparison, the fines capture efficiency
observed at the NE beach is equivalent to a fines
capture of 81% for a Composite Tailings (CT)
deposit at Sand-to-Fines-Ratio (SFR) of 4.

A qualitative hydraulic characterization of the NE
beach was initiated during the 2012 annual tailings
investigation and included the survey of channel
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dimensions, the measurement of flow velocities
and suspended load sediment concentration. Run-
off channels from each of the three tailings
streams were selected and flow and sediment
measurements were executed along the channels
at cross-sections located at different distances
from the discharge points (Figure 4). Since the
CST tailings line was not discharging at the NE
beach during the execution of tailings investigation,
measurement for this tailings stream were
executed at a different location, the North-West
corner of the ETF where the BAW is much shorter
(around 150 m length). Whenever possible, flow
depths were measured with a staff whereas
channel widths were estimated from GPS
readings. Flow measurements were taken at two
depths at the centre line of each cross-section to
obtain an estimate of the depth-averaged
velocities. A FlowTracker Handheld Acoustic
Doppler Velocimeter version 3.7 from SonTek was
used to measure flow velocities. Surface velocities
were also estimated by measuring the travelling
time of a floating object. Grab samples were taken
to estimate the bed material particle size
distribution whereas suspended Iload was
determined by means of a bottle sampler and
analysis of the total suspended solids. The data
discussed herein are restricted to the flow
measurement as the sediment characterization is
still under progress. Observed channel widths in
the sediment deposition zones ranged from 1.5 m
to 4 m, whereas channel depths typically ranged
from few centimeters to 0.3 meters. Typical
measured flow velocities were between 0.3 and
0.6 m/s for the TT stream and between 0.2 and
0.4 m/s for the TSRU stream. From these
velocities, the average channel shear velocity and
the average boundary shear stresses were
computed. A preliminary assessment of the
boundary shear stresses suggests that the
measured velocities are compatible with the high
deposition rate of fine tailings observed at the NE
beach. Future work aims to validate the flow and
sediment load measurements.

SEDIMENT CHARACTERISTICS OF
THE NE BEACH

Section 3B (Figure 3) crosses the NE beach from
South-East to North-West and includes five
boreholes drilled from the BAW and borehole
drilled from the pond into the BBW. Figure 6
shows the boreholes logs and the location of dykes
and surfaces (BAW, BBW, and pond level) along



section 3B. The section presented herein refers to
June 2011. At each borehole location, continuous
sampling was conducted with a sonic sampler
advanced from the beach surface or pond surface
until  refusal. At the same location, Cone
Penetration Testing (CPT) including continuous
passive gamma and pore pressure readings was
conducted until refusal. High passive gamma count
in conjunction with drops in pore pressure below
the equilibrium pore pressure are a typical
signature of layers rich in asphaltene and bitumen
and are used to facilitate the interpretation of the
tailings depositional environment.

To simplify the interpretation of the tailings deposit
(Figure 5), three groups of materials are defined:

High fines low-bitumen tailings (HF-LB zones
in Figure 5);

High fines high-bitumen tailings (HF-HB zones
in Figure 5); and

Low fines low-bitumen tailings (LF-LB zones in
Figure 5).

In agreement with history of the beach, two
different depositional environments can be
observed. The lower part of the sequence is
characterized by HF-HB and LF-LB East of the
TSRU dyke and by HF-LB mixed with LF-LB West
of the TSRU dyke. East of the TSRU dyke, TSRU
tailings were discharged with CST whereas CST
and TT tailings were discharged West of the TSRU
dyke. In the higher part of the sequence, LF-LB is
prevalent in the first 500-600 m from the discharge
point, whereas HF-HB is dominant in the more
distal part of beach, where a long and continuous
depositional length became available after
overtopping of the TSRU and splitter dykes. It is
likely that the splitter dykes acted as sediment
traps preventing transport of part of the fines to the
central part of the pond. After that moment, the
alluvial fan started forming with channelization into
a number of braided anabranches characterized by
low flow velocities. This caused progressive
increase of the tailings fines content moving from
the dyke towards the pond. The fining (hydraulic
sorting) of a tailings fan is analytically described in
Wright and Parker (2006) and experimentally in
Kupper et al. (1992). It is also interesting to note
the strong correlation between fines content and
bitumen content. If the samples below the
elevation of the original splitter dykes are not
considered, the population correlation coefficient
between fines and bitumen is around 0.7. It is
hypothesized that TSRU tailings settlement
increases substantially after the first 500-600 m
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from discharge, when its temperature decreases
and the density increases. The presence of the
TSRU on the channels beds might also facilitate
the settlement of fines from other streams, due to
increase of the roughness and the molecular
structure of the material. The flocculant used for
treatment of the TT tailings might also have an
effect on the high fines content of the NE beach.
More work is required to validate these
hypotheses.

Figure 6 shows the tailings strength derived from
CPT soundings executed along section 3B.
Tailings East of the TSRU dyke are sand
dominated and the strength is expressed in terms
of friction angle whereas deposits west of the
TSRU dyke are fines dominated and therefore the
undrained strength can be derived from the
sounding. In general, strength decreases moving
from the discharge point towards the pond to the
West. Location S3E is about 100 m from the
shoreline and the average fines content of the
borehole exceeds 50%. At this location, the
average undrained strength in the first 30 m is
around 15-20 kPa. Measurements of the pore
pressure at this location indicate that the
equilibrium pore pressure is only about 20% larger
than the hydrostatic pore pressure, indicating that
excess pore pressure dissipation is quite efficient,
most likely favored by the inter-bedding of fine and
sandy layers.

Figure 4. measurement at NE

Hydraulic
beach.



Table 1. Statistics of the tailings lines discharging at the NE beach.

Flow Particles Particles
Stream Rate Dens%y SOC D1o Dso Dso <§ wm <qq um (%
3 (kg/m?) (%) | (um) | (um) | (um) | (% of
(m°/s) sC) of SC)
Coarse Sand 12 1506 54 | 74 | 205 | 567 1 8
Tailings
Thickened 0.7 1130 18 3 35 | 168 60
ailings
TSRU 0.4 1060 10 3 20 41 12 74
Table 2. Mineral solid discharged at the NE beach from2008 to 2011.
CST TT TSRU NE Beach
Yo Taolt <2 | <44 |Tot| <2 | <44 |Tot| <2 | <44 |[Tot| <2 | <44
ar | (Mt um um al um um al um um al um um
) Mt) | (Mt) | (Mt)| (MY) (Mt) | (Mt) | (M) [ (M) [(Mt)| (M) | (MY)
230 72 | 007 | o6 |47 | 03 28 | 15| 02 | 11 |134| 06 | 45
230 9.1 0.09 0.7 4 0.3 2.4 1.6 0.2 1.2 14.7 0.6 4.3
22| 38| 004 | 03 [16] 01 1 12 | 0.1 09 |66 | 03 | 22
2(1)1 1.9 0.02 0.2 2 0.1 1.2 14 0.2 1 5.3 0.3 2.4
MANAGEMENT AND RECLAMATION impact on the capital and operating costs and

OF THE NE BEACH

The features of the NE beach discussed in
previous sections present a number of
opportunities and challenges. One of the most
significant opportunities is the possibility of
planning for a smaller amount of fine fluid tailings.
The decreased amount of fines accumulating in
the tailings pond is caused by the increased
amount of fines captured in the beaches. In
addition, shorter settling time is observed for fine
fluid tailings at the Shell Albian Sands operations.
It is currently estimated that that fine tailings run-off
in the pond goes from a highly dispersed phase
(solids content <1%) to a less diluted phase (solids
content >5%) in 3-4 months. These two
occurrences reduce the need for large fluid
volumes to maintain and preserve a sufficient clear
water cap on the pond, which is an essential
condition to run the bitumen extraction. The
reduced need for large fluid volumes has a positive
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ultimately on the environment. On-going work
indicates that at the ETF the beach capture used
for planning is around 65% compared to the
traditional 50% used in the Oil Sands industry. For
the remaining life of the ETF, the tailings fan
aggradation needs to be managed to avoid
siltation of the water intakes located in the north of
the pond. Aggradation rate needs to match pond
elevation and dyke raise rates. The amount of
sediment deposited on the alluvial fan can be
controlled by using the techniques described in
Parker et al. (1998a) when preparing the tailings
staging plans.

Another opportunity is the possibility of early
reclamation. Current plan is to keep the pond in
operation for other few years. Shell has recently
started preliminary engineering to assess the
feasibility of the current approved reclamation plan.
One of the first findings is that the NE beach
tailings deposit is readily reclaimable by means of
conventional engineering methodologies. The



assumption that it is possible to place a
hydraulically deposited sand layer over the softer
portion of the NE beach is supported by evidence
and was confirmed by numerical modeling. At the
end of operations, the pond level will be
maintained constant for a period of time and a
crust will form on the NE beach. It is likely that
higher water releases will occur in the weaker
zones of the NE beach slowing the crust formation
process. Successive sand placement surcharges
the deposit resulting in an increase in water
release and extending the period of water release
out in time. Given the one-dimensional nature of
the mechanism involved, the net effect of water
release will be to maintain full saturation in the cap
and to increase time to develop the crust. Surface
management techniques, such as ditching, reduce
the water table in the sand cap but increase the
effective loading on the tails, resulting in more
water release in the short period of time. It is
essential to find the balance between water
release, surface drainage, rate of placement of
sand cap, and natural dewatering. From a practical
perspective and given that the current observed
average solids content is around 65%, numerical
modeling indicates that 1-2 years are required to
form a crust in the weaker zones of the beach
before pacing a sand cap at a rate of 2-3 m/year. A
sand cap of 5-6 m, likely sufficient to establish the
foundation of reclamation material, can be placed
in 2-3 years. It is also expected that surface
drainage is needed for 2-3 years before initiating
landform grading and placement of reclamation
material. This makes the total amount of time
required before placing the final reclamation cover
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between 5 and 8 years. Engineering work is
currently ongoing at Shell to refine the preliminary

planning premises given above and to initiate
detailed reclamation design.
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Session 1 — Tailings Deposition 1

SAND AND FINES MIXING IN FLUID TAILINGS AT THE SHELL

MUSKEG RIVER MINE EXTERNAL TAILINGS FACILITY
G. Esposito and R. Nik
Shell Heavy Oil Technical Services

ABSTRACT

Shell Albian Sands oilsands operation north of Fort
McMurray, Alberta, has been in production since
2002. Since start-up, compacted coarse (sand)
tailings has been used to construct the perimeter
dykes of the External Tailings Facility while a mix
of fine and coarse mineral tailings have been
directly discharged into the container within the
perimeter dykes. This tailings operation produces
solid tailings beaches around the inside of the
perimeter dyke and soft fluid tailings beyond the
beaches, in the pond. The first fluid tailings
investigation was conducted in 2003, with
successive annual follow-up programs through
2011. The data collected since start of operation
indicate that the depositional environment of the
pond and the sediment transport mechanism
provide substantial mixing of sand and fines deep
in the pond at rates that are quite different
compared to older tailings facilities at neighbouring
oilsand operations. During the first two years of
operation, the fluid tailings consisted almost
exclusively of fines particles, using 44 microns as
the cut off. Since 2005, coarse tailings has been
transported by density flow far down in the fluid
tailings where it continuously mixes with fine
tailings. This has created a mixture similar to
engineered ‘composite tailings’ and presents
challenges and opportunities with regard to the
reclamation of the fluid tailings and compliance
with the 2009 tailings regulation.

INTRODUCTION

The Athabasca Oil Sands Project (AOSP) is a joint
venture among Shell Canada Energy (60%),
Chevron Canada Limited (20%) and Marathon Oil
Sands L.P. (20%). The AOSP operations at the
Muskeg River Mine (MRM) plant started in 2003.
Since start up the tailings stream remaining after
the bitumen extraction has been deposited into an
out-of-pit earth structure (tailings impoundment)
known as ETF (External Tailings Facility). Tailings
are composed of residual bitumen, solvents, water,
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sand, silt and clay particles. Upon deposition into
the tailing ponds, coarser fraction settles close to
the discharge point and forms a solid deposit
(beach), while the finer part of the tailings remains
suspended in the run-off and is transferred to the
central parts of the pond, forming a fluid fine
tailings stream.

Shell Canada conducts annual tailings
investigations to monitor the volume and the
properties of the fluid tailings at the ETF. Another
purpose of these annual investigations is to have
an understanding of the rate of dewatering
(sedimentation /consolidation) within the ETF to
plan for future reclamation activities. The present
paper reviews the results obtained at selected
sounding locations in the recent years, from 2009
to 2012. Review of the sounding location profiles
indicates that a thick layer of “sand dominated”
deposit with significant fines content is forming at
lower to middle levels of the pond. At some
locations, the sand to fines ratio (SFR) values for
samples taken within these layers resembles the
SFR values used for production of Composite
Tailings (CT). This observation can be regarded as
an opportunity for future reclamation of the ETF.

TAILINGS POND INVESTIGATION

To track the changes of tailings characteristics with
time, sampling and in-situ measurements have
been conducted annually at specific locations
within the ETF. Figure 1 illustrates position of eight
of these sounding locations. In Figures 2.a to 2.c
the variations of Solids Content (SC), Fines
Content (FC) and Fines/(Fines+Water) ratio from
2009 to 2012 are presented for MP-S06 as an
example.

It can be seen that for sounding location MP-S06,
the SC varies from 27 to 81%, FC from 96 to 32%,
and F/(F+W) from 24 to 60% from top to bottom of
the sounding. Significance of the high F/(F+W)
ratios observed at lower half of the pond in
creating a relatively non-segregating sand-fines
mixture is discussed in the following section.



Figure 1.

Distribution of Sampling locations
within ETF.

TAILINGS CHARACTERISTICS

The Slurry Properties Diagram (Ternary Diagram)
(Scott and Cymerman, 1984; Morgenstern and
Scott, 1999) is a useful tool for characterization of
oil sands tailings. Figure 3 to Figure 6 show the
position of samples taken from the eight sounding
locations within the ETF on the Slurry Properties
Diagram, from 2009 to 2012. In order to better
follow the changes in tailings characteristics at
different pond elevations, the samples shown on
the ternary diagrams are distinguished according
to their position with respect to the pond bottom;
i.e. samples within each 5 m layer from the pond
bottom to top are marked using a similar symbol.
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Fines Content (b) and F/(F+W) ratio
(c) at sounding location MP-S06
located at central zone of the MRM
ETF.
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Figure 3. Position of the 2009 samples on the Ternary Diagram. Samples collected at eight
sounding locations are distinguished based on to their distance from the pond bottom.
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Figure 4. Position of the 2010 samples on the Ternary Diagram. Samples collected at eight
sounding locations are distinguished based on to their distance from the pond bottom.
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Figure 5.

Figure 6.
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Position of the 2011 samples on the Ternary Diagram. Samples collected at eight
sounding locations are distinguished based on to their distance from the pond bottom.
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Position of the 2012 samples on the Ternary Diagram. Samples collected at eight
sounding locations are distinguished based on to their distance from the pond bottom.
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From Figure 3, it can be seen that in 2009 some
samples within the lower 10m of the pond have
solids content values higher than ~60%, with fines
content values higher than 33% (i.e. SFR=2 and
lower). The 2010 site investigation results
illustrated in Figure 4 indicate that samples in the
lower 15m of the pond show solids content values
higher than 60% to 80% and a limited number of
samples show SFR values close to 2.5. Based on
the 2011 investigation results shown in Figure 5,
couple of samples in the lower 5m of the pond
show SFR values from 3 to 4. The SFR of 4 is the
common value wused for production of CT
(Composite Tailings) in oil sands operations. The
results from the 2012 investigation are presented
on Figure 6. It can be seen that in the lower 20m of
the pond, the number of samples having solids
content values higher than 75% and fines content
values from less than 20% to 40% (SFR=1.5 to 4)
has significantly increased. Formation of such a
thick layer of high solids content deposit, which
captures a significant percentage of fines, can be
considered as an opportunity for faster reclamation
of the ETF pond.

Figure 2.c shows the variation of F/(F+W) at
sounding location MS-06. It can be seen that the
F/(F+W) ratio varies from about 20% at the top
elevations to about 60% close to the pond bottom.
Higher values of F/(F+W) ratio, particularly at the
lower half of the pond create a thick carrier fluid
which prevents segregation of the sand particles
and their further transport to the pond bottom. It
should be noted that a recent study by Mihiretu
(2009) showed that a F/(F+W) ratio of 30% is
sufficient to create a non-segregating sand-fines
mixture at SFR values of 2 and lower without
chemical treatment.

In a separate publication by the present authors
(Esposito and Nik, 2012) the history of tailings
deposition into the ETF and the different tailings
streams directed into this pond is reviewed. As
stated in this publication, one of the tailings
streams deposited into ETF is thickener underflow
or TT (Thickened Tailings). Presence of the
polymers used for treatment of the TT stream
results in flocculation of the fines (clays) and
formation of larger particles. As a result, the
dewatering rate and the viscosity (shear strength)
of the carrier fluid are increased. This can
potentially reduce segregation of the sand
particles.

While in other oil sands operations it is observed
that most of the sand particles settle close to the
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discharge point and form a BBW (Beach Below
Water) or a sand beach below Mature Fine
Tailings (MFT), at MRM ETF it is observed that a
significant percentage of the sand is transferred to
the central zones of the pond, forming a mixture
with the suspended fine particles. The following
section will discuss the possible reasons for
transfer of sand to the central zones of the pond.

TRANSPORT OF FINE AND COARSE
TAILINGS

Van ‘t Hoff et al. (1992) and De Groot et al. (1998)
described the formation of underwater slopes from
discharge of hyperconcentrated sandy slurries. It
was found that the formation of underwater slopes
is mainly governed by the soil mechanics
properties of the sand. Dependency of the slope
on the specific slurry flow rate is instead weaker.
The sand deposited underwater is always very
loosely packed. Loose saturated granular
materials show strain-softening response under
controlled monotonic strain conditions and are
therefore susceptible to liquefaction (Atigh and
Byrne, 2004). Such soils may become unstable
under controlled loading conditions. Typical
monotonic loading conditions can be the
deposition of additional material in the upper part
of the beach or the reduction in effective stresses
associated with pore-pressure rise. Based on field
measurements of pore pressure during tidal
variations in the Fraser river delta, Atigh and Byrne
(2004) found that even under falling tide levels a
drop in effective stress can occur as a result of the
presence of gas in the pores. The strain softening
under monotonic loading conditions is generally a
local condition influencing only the most superficial
part of the submerged slope (Stoutjesdijk et al.
1998). If liquefaction occurs, sand goes in
suspension increasing the local density of the
carrying fluid and density flows can be initiated in
the form of turbidity currents.

Flume experiments and field observations during
the reclamation works in the Netherlands
(de Groot, et al., 1988) indicated that at low
specific flow rates and with fine sand, conditions
similar to those observed at the ETF, slopes
develop in a discontinuous and rhythmic fashion.
First steep slopes develop caused by
sedimentation mostly in the upper zone of the
slope close to the waterline. When the slope
reaches a critical height or when hydraulic
condition changes (for example changes in pond



elevation), it becomes meta-stable and turbidity
currents may be triggered. The density flow
transports sand to the most distal zones of the
pond until the density difference is insufficient to
sustain the flow. This mechanism flattens the slope
and, as consequence, sedimentation resumes
mostly in the zone close to the waterline. The
sequence repeats continuously and brings high
quantity of sand in the distal part of the pond.
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Figure 7. Schematic illustration of the
Topset, Foreset and Bottomset.

Flow is from left to