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1.0

INTRODUCTION

The Consortium of Tailings Management Consultants (CTMC) was retained by Alberta
Innovates – Energy and Environmental Solutions (EES) to undertake an integrated project
entitled “The Technology Deployment Roadmap and Action Plan for ‘End-to-End’ Solutions for
Oil Sands Tailings.” The project’s overall objective is 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 (AE) Tailings
Management Framework and the ERCB’s Directive 074 and in particular the long-term
reclamation objectives (stable, reclaimable, sustainable and acceptable).
The Tailings
Roadmap shall help achieve more timely deployment of end-to-end tailings technologies by
focusing industry and government on existing technologies with the best chances of success
and on select technologies that show promise but still need further development.
A consortium of leading oil sands tailings management engineering firms provided a proposal
and was selected by Alberta Innovates to carry out the project. The unified team of tailings
management consultants and academics have provided a forum for developing a roadmap that
would be based on the best available expertise and enjoy broad endorsement. The CTMC
includes AMEC, BGC, Golder Associates Ltd, Klohn Crippen Berger Ltd, Norwest Corporation,
Thurber Engineering and the University of Alberta Geotechnical Group, with Golder serving as
the Prime Consultant. Contributions to the project also included participants from government,
industry and academics.
The project has been divided into four main components, each of which has a component lead,
assistant leads and supporting specialists that will provide input to all aspects of the work scope.
The specific tasks of the four components can be summarized as follows:


Component 1 (C1) searched for, collected and compiled information on technologies
used, piloted, or in a research stage that had potential use in the oil sands industry. This
component was carried out by BGC Engineering and Norwest Corporation.



Component 2 (C2) developed a set of Tailings Management and Reclamation (TMR)
Objectives and Sub-objectives to be used as criteria in the evaluation of each of the
technologies. This component was carried out by Klohn Crippen Berger Ltd.



Component 3 (C3) set up and carried out a review process to evaluate each of the
technologies, in light of the TMR Objectives, and to identify gaps, strengths and
opportunities within the technologies. This component was carried out by Golder
Associates Ltd.



Component 4 (C4) involves preparation of technology suites and road maps for the
selected tailings management options, to bring them to commercial scale demonstration.
This component was carried out by Thurber Engineering Ltd. and AMEC Earth and
Environmental.
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Golder was selected to carry out the tasks and responsibilities that comprise C3, the technology
assessment and evaluation phase of the project.
This report presents an overview of the procedures used to develop and complete the
technology evaluation, highlights the results of the technology evaluation and provides path
forward suggestions for the C4 team.
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2.0

COMPONENT 3 METHODOLOGY

2.1.

Purpose and Goals

The purpose of C3 was to develop a method to evaluate the various technologies provided by
C1, with reference to specific criteria provided by C2, and then to evaluate the technologies
using the developed methodology. The goal was to provide results that could be used by the
C4 team to prepare a road map for the development and implementation of technologies and
technology suites to meet the tailings storage needs of the oil sands industry. The intent was to
produce results that would enable the C4 team to identify the gaps, strengths and opportunities
of each technology.
2.2.
2.2.1.

Procedure
Input from C1 and C2 Teams

All tailings technologies identified in C1 were first grouped into defined categories as follows:


Mining;



Extraction and Bitumen Recovery;



Tailings Processing;



Deposition and Capping;



Water Treatment;



Reclamation; and



Technology Suites.

A Master List of technologies, relevant data sheets, review sheets and a report was provided by
the C1 team. The technologies within each category were also grouped by the C1 team into
three levels of maturity as follows:


Commercial – Currently used in the oil sands industry;



Development – Currently in pilot scale testing or used in other industries and believed to
have good potential for application to the oil sands industry; and



Research – Technologies purported by suppliers, universities or operators as having
some potential for application to the oil sands industry.

These three categories are very different in terms of information available, technical uncertainty
and required effort to “optimize” or implement each technology commercially. A unique set of
evaluation goals were required for assessing the different stages of maturity of the technologies.
A summary of the evaluation goals for each stage is given below:
Research level evaluation goals:
 Investigate the quality of available data for evaluation;
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If possible, evaluate the technologies based on the TMR Objectives and Sub-objectives,
developed from C2;



Identify opportunities to implement the technology either as a gap filler or to improve an
existing technology; and



Identify opportunities for the technology to be a primary technology.

Development level evaluation goals:


Investigate the quality of available data for evaluation;



Evaluate the technologies based on the TMR Objectives and Sub-objectives from C2 to
find the most suitable technologies to move forward toward commercial implementation;
and



Identify opportunities to use the technology either as a gap filler or to improve an existing
technology or technology suite.

Commercial level evaluation goals:


Investigate the quality of available data for evaluation;



Evaluate the technologies / technology suites based on the TMR Objectives and Subobjectives developed from C2 to identify any knowledge or performance gaps; and



Identify opportunities to improve the current practices of an existing technology /
technology suite.

One additional area of interest was identified by C1 however, it has not been broken out
specifically but remains an area of interest. This area of interest is the evaluation goals for
technologies used at a commercial level outside of the oil sands industry. A summary of the
opportunities are as follows:
Commercial level (used elsewhere) evaluation goals:
 Investigate the quality of available data for evaluation;


Evaluate the technologies based on the TMR Objectives and Sub-objectives from C2, to
determine how they can be adapted to the oil sands and to identify the opportunities for
further research and development in the context of their adaptability to oil sands
industry.

The scope of work for C2 included identification of technology end goals, screening criteria,
constraints and opportunities. The C2 deliverable to C3 included a list of TMR Objectives and
Sub-objectives that are based on the goals in AE’s Draft Tailings Management Framework and
in ERCB’s Directive 074. The list of TMR Objectives and Sub-objectives are shown on the flow
sheet in Figure 1, which also illustrates the overall flow and connection between components.
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C2 worked from a top down approach to identify criteria applicable to the Objectives and Subobjectives while the C3 team worked from a bottom up approach to make sure that all
Objectives and Sub-objectives were covered by appropriate evaluation criteria (indicators). This
approach is illustrated on Figure 2 where a complete list of Sub-objectives is cross-referenced
against the evaluation criteria (indicators). An “x” is placed in the box where a Sub-objective
applies to a particular evaluation criteria (indicator) as explained in the figure.
2.2.2.

C3 Methodology

The C3 methodology included the following tasks:


Develop evaluation criteria (referred to herein as “indicators”) and indicator importance
weightings that would identify compliance with the TMR Objectives and Sub-objectives
from C2;



Define indicator clarifiers (descriptors) and ranking guidelines for each indicator, for each
of the seven categories of tailings technologies (mining, extraction and bitumen
recovery, tailings processing, deposition and capping, water treatment, reclamation and
technology suites);



Assemble teams of experts to evaluate the technologies, including specialists from
multiple disciplines (those experienced in the specific technologies: geotechnical,
geochemical, process, mining, water treatment/re-use, structural, mechanical, electrical,
and reclamation engineers and scientists, and government representatives);



Develop a software tool to assist in the data analysis of the evaluated technologies;



Carry out detailed evaluations of the technologies in accordance with the given criteria
and provide results of the evaluations to the C4 team, along with the evaluation tool.

2.2.3.

Composition of the C3 Team

The C3 leadership team included staff from Golder Associates and the U of A as follows:


Irwin Wislesky, P. Eng., Principal, Mine Waste Division, Golder Associates, Calgary



Sue Longo, P. Eng., MBA, Associate – Paste Engineering and Design, Golder
Associates, Calgary



Dave Sego, P. Eng. Professor Emeritus, University of Alberta, Edmonton

Other members of the C3 team included:


Reza Salehi, E.I.T., M.Sc., Process/Tailings Specialist, Golder Associates, Calgary



Chloe Crossley, E.I.T., B.A.Sc., Mine Waste Division, Golder Associates, Calgary

The evaluators that participated in the C3 evaluations were:
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Alex Bagnall, CNRL
David Baldrey, Total
Nicholas Beier, OSTC
Allan Boddy, CNRL
John Brogly, CNRL
Zvonko Burkus, AENV
Murray Danku, Syncrude
Mickey Davachi, AMEC
Richard Dawson, Norwest Corp.
David Devenny, AIEES
Nav Dhadli, Shell
Deji Dunmola, Shell
Gennaro Esposito, Shell
Alan Fair, OSTC
Renee Frenette, Shell
Karen Friedrich, CNRL
Richard Houlihan, ERCB
Al Hyndman, Total
Kim Kasperski, OSTC
Roman Koszarycz, Imperial Oil
Rick Lahaie, Syncrude
Adam Langer, Teck
Ted Lord, ERCB
Jim Lorentz, Syncrude
Stuart Lunn, Imperial Oil
Ben Manns, Imperial Oil
Jonathan Matthews, Shell
Gord McKenna, BGC Engineering
Rick Nelson, AIEES
Lori Neufeld, Imperial Oil
Blair Penner, Suncor
Paul Pigeon, Golder USA
Prit Potecha, Suncor
Brett Purdy, AENV
Mike Rogers, ATSI
Benjamin Sey, CNRL
Kusumakar Sharma, AENV
Bill Shaw, Total
Kristen Sibbel, Teck
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Rick Sisson, CNRL
John Sobkowicz, Thurber Engineering
These evaluators were selected based on their knowledge and expertise in either the technical,
environmental, social or economic areas (referred to as “aspects”). The goal of the evaluation
was to objectively and collectively assess the tailings technologies identified for each of the
seven categories, using the established evaluation process described below.
2.2.4.

Evaluation Process and Data Analysis Tool

Golder developed a semi-quantitative, multi-criteria decision support tool (GolderSET) based on
the principles of sustainable development that was used to evaluate the selected technologies
established in C1. The development of the evaluation process consisted of five main steps:


A master list of evaluation criteria/indicators was derived from the TMR Objectives and
Sub-objectives, as shown on Figure 2 (identification of the critical factors that best
describe the context as defined by the project);



The indicators were grouped into four aspects (Technical, Environmental, Social and
Economic);



A clarifying statement was written for each indicator (referred to as “descriptors”);



A weighting was determined for each indicator, based on its perceived importance and
on the number of sub-objectives that applied to the indicator, as shown on Figure 2; and



Ranking guidelines were developed for each indicator, which provided guidance to the
evaluators in assessing the ability of each technology to satisfy that indicator.

This structured evaluation approach defines the criteria against which to evaluate the different
technologies, a scoring scheme for the indicators and a mechanism to account for the relative
importance of the indicators. This approach was intended to allow the evaluators to identify the
strengths and weaknesses of the technologies, in the context of the established Tailings
Management and Reclamation Objectives.
2.2.5.
2.2.5.1.

Evaluation Components
Indicators and Descriptors

From the master list of possible indicators, a subset of indicators was selected for each
technology category, that was relevant to that category and for which an evaluation could
sensibly be made. This selection was based on specific category issues, making reference to
the C1 Summary Report, the datasheets and any background material that was provided by C1
(e.g. papers, laboratory results, etc.). The selected indicators were further organized into four
aspects: technical, environmental, social and economic.
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A descriptor was developed for each indicator to clarify its meaning and reduce the subjectivity
of the evaluation. Although there are many indicators that are common to all technology
categories, there are variations in how those indicators should be interpreted in each stage of
the mine life cycle. Providing brief explanations of each indicator also allowed for consistency
and repeatability. The indicators and descriptors for each category are provided on the Master
Tables in Appendix A.
2.2.5.2.

Weighting and Indicator Relevance

Each indicator was assigned a weighting of 1, 2 or 3. The weighting represents the level of
relative importance of that indicator with respect to the other indicators in a particular technology
category, and allowed appropriate emphasis to be placed on particular indicators that are critical
to achieving the TMR Objectives. The numbers correspond to the following importance levels:
1=important, 2=very important and 3=crucial. The established weightings can be used in
combination with the sensitivity analysis to assess gaps and opportunities. The same
weightings were used to evaluate and compare all technologies relevant to the project.
Additional weightings for each of the four aspects (Weight of Aspect W A ) were also considered
in the tool developed for data processing (GolderSET). The original purpose of including these
weightings in the tool was to allow sensitivity analyses to be carried out by changing the
importance level of each aspect. For the evaluation reported herein, the weightings of all four
aspects were chosen to be equal.
2.2.5.3.

Ranking and Ranking Guidelines

The ranking1 is a number between 0 and 100 that represents the ability of a particular
technology to satisfy the requirements of a particular indicator. The ranking guidelines
constrained the evaluators to choose rankings of 0, 33, 66, and 100. A higher number for an
indicator represents a condition or state that it is more desirable. The guidelines were
developed prior to the evaluation and the selection of an appropriate ranking was conducted
during the evaluation. The ranking is an essential component of the evaluation.
2.2.5.4.

Data quality and Data Quality Description Table

A column was provided on the evaluation forms to indicate the quality of the information
provided for each technology in regards to each indicator. In some cases, often for
technologies in the research stage, the amount and quality of information provided in the
datasheets by C1 was insufficient to make a reasonable evaluation for a given indicator. For
some technologies, a particular indicator was not considered to be applicable and was therefore
not included in the evaluation, as noted by the evaluators. There were also cases where a
1

Note that in the context of this report, the term “ranking” does not refer to an order (i.e., better or worse, etc.), but rather to a score
assigned to a technology that reflects its ability to satisfy certain requirements.

Client: Alberta Innovates – Energy and Environmental Solutions
Project No.: 11‐1345‐0001.4000
E‐file: CTMC Component 3 Results ‐ Final Report.docx

Page 8

technology was not evaluated because the evaluators considered that there was a lack of
suitable information. The data quality value was determined as shown below. For further
details on data quality see Sections 2.2.7 and 2.2.7.1.
Table 1 - Data Quality Description
No Data / Lack Info

2.2.6.

Scoring Carried Out

Data Quality Value



1





0.5



‐

0

Indicator N/A

0

Evaluation Sessions

Eight evaluations sessions were completed over a period from December 6, 2011 to February
14, 2012. These sessions were all held at the Golder office in Calgary. For each evaluation
session, one or two teams consisting of 5-8 evaluators each were required, with specific
expertise in the four aspects of the evaluation (technical, environmental, social and economic).
Each session was assigned a facilitator and a note taker to guide the session and to ensure that
the process went smoothly. Ample opportunity was given to discuss the technologies, to
express individual opinions and to write down comments. The sessions generally lasted a full
day.
The evaluators were all briefed prior to the session on how the sessions would be run and given
all the appropriate reference material they would need for the session. This included C1
technology data sheets and review sheets, as well as a Master Legend (Appendix A), indicating
the technologies to be evaluated and a Master Table (Appendix A) providing the indicators,
descriptors, weighting and ranking guidelines. The intention was to enable all evaluators to be
familiar with the information provided for each technology prior to the session. In general, each
technology evaluation session began with a brief description of the technology, prior to
commencing the ranking for each indicator.
Each evaluator was given a copy of an evaluation form (Appendix B) for each of the
technologies to be evaluated during the day. The form indicated the technology being
evaluated along with columns representing the indicators, the quality of the review information,
weightings for each indicator, selected ranking and a final column for comments and
assumptions. Only one technology was evaluated at a time. Each indicator was discussed
based on the descriptor and ranking guidelines provided. A consensus ranking was recorded
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where possible. If a consensus could not be reached, separate rankings were recorded by the
individual evaluator and the note taker recorded the ranking of the majority. The evaluators
were encouraged to write their individual comments and the note taker also recorded comments
presented during the evaluation. The evaluators were requested to comment on knowledge
gaps, areas for improvement, disagreement, agreement and areas of opportunity. Completed
evaluation forms were collected by the note taker. For the tailings processing, tailings
deposition and capping, and technology suites evaluation sessions, overlap technologies were
assigned to provide a comparison and check on the uniformity of the evaluations between
different evaluation groups. In Appendix C and Appendix E the overlap technologies are
denoted by either an A or B (team 1 and 2 respectively) after the technology name and number.
2.2.7.

Data Processing and Evaluation Diamonds

The numerical data was entered into the Excel GolderSET tool, from which it was possible to
analyze and summarize the data. The output from the tool included a visual presentation of the
results in the form of an evaluation diamond and a data quality diamond. The evaluation
diamond is a simple way of presenting the data in a summary manner.
The four points of the diamond represent the four evaluation aspects (technical, environmental,
social and economic). The outer edges of the diamonds represent the maximum score (100%)
or data quality (1) a technology can obtain. The darker shaded area within each evaluation
diamond represents the weighted average score of each technology (see weighted average in
2.2.7.1 Calculations) in each aspect. In general, the shaded area that is farthest from the outer
edge represents an area where improvement could be considered for a given technology (a gap
in the technology). The data quality diamonds illustrate the level of confidence of the
evaluators’ score, the lack of suitable information and/or the applicability of the indicators.
Ultimately, the greater the area of the data quality diamond, the higher the confidence in the
evaluation diamond. The figure below is an example of an evaluation diamond for a technology
that shows gaps in its ability to meet the environmental criteria. The Data quality diamond
illustrates 100% confidence in the technical and social aspect and slightly less confidence in the
evaluation results for the environmental and economic aspects.
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EVALUATION DIAMOND

DATA QUALITY DIAMOND

The results are also presented numerically. Both visual and numerical results of all of the
evaluations are presented in Appendices C and E. Appendix C contains the evaluation
diamonds for the categories mining, extraction and bitumen recovery, tailings processing,
tailings deposition and reclamation and Appendix E contains the evaluation diamonds for the
technology suites.
2.2.7.1.

GolderSET Calculations

Within GolderSET, the final score/weighted average for each of the four aspects of the
evaluation (technical, environmental, social and economic) was calculated according to


equation 1 below where S A is the weighted average score of the aspect, W I is the weighting of
the indicator, N D is the number of indicators in the aspect and S I is the score of the indicator.
ND



SA 

W
I 1

I

 SI

Eq. 1

ND

W
I 1

I



The weighted average score of each aspect ( S A ) was then used to calculate the overall


weighted average of the technology according to equation 2 below where S is the overall
weighted average score of the technology and W A is the weighting of each aspect.


4



S

 WA  S A
A1

Eq. 2

4

W
A1

A
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For the purpose of this evaluation, the weightings of all four aspects where chosen to be equal
however the option to change these weightings is provided within the GolderSET tool for further
sensitivity analysis.
The data quality score for each of the four aspects of the evaluation (technical, environmental,


social and economic) was calculated according to equation 3 below, where DQ A is the
weighted average data quality score of the aspect, W I is the weighting of the indicator, N D is
the number of indicators in the aspect and DQI is data quality score (0, 0.5 or 1).
ND



DQ A 

W
I 1

I

2.2.8.1.

Eq. 3

ND

W
I 1

2.2.8.

 DQI
I

Evaluation Methodology Variances
Water Treatment

The evaluations were carried out in a consistent manner for all of the technology groups except
for the water treatment technologies, since their applicability is site specific and contaminant
specific. In addition, the named water treatment technologies are, for the most part, all used
commercially in other industries. Water treatment often involves suites of technologies to
handle one or more contaminants. The C3 team, in consultation with water treatment experts,
prepared a table with all of the treatment technologies that could be used in the oil sands
industry to handle process affected water. The table identified the water treatment technologies
and the potential relevant contaminants found in the oil sands industry process affected water.
A session with a group of evaluators was then organized to select those technologies that are
applicable to the oil sands industry, worthy of a more detailed evaluation (outside the scope of
this Project), and to eliminate the rest from further evaluation. This table is presented in
Appendix D.
2.2.8.2.

Existing Technology Suites

Although eight technology suites were prepared for evaluation (by C1), difficulties were
encountered during the evaluation sessions since the suites could generally not be considered
as standalone solutions. Other site processes were needed for the suite to function.
For the evaluation session, some technology suite evaluations were carried out similarly to the
other categories and some suite were evaluated by identifying specific gaps within the
technology suite. All the technology suite materials are provided in Appendix E.
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3.0

RESULTS AND PATH FORWARD

The method used for the C3 evaluation provides traceability/accountability, allows for
identification of priorities when making a decision and helps to remove subjectivity from the
decision making process. It has allowed for an informed decision to be made based on the
factors considered to be the most important for tailings management and reclamation. All
information from C3, including the GolderSET tool was passed on to the C4 team.
The
GolderSET tool can be used to further analyze the data for identification of gaps and
opportunities. One consideration could be to vary the weightings for evaluation aspects.
Another is to consider only the indicators with the most relevance (weighting of 3).
The scope, budget and scheduling of this project left some potential gaps in the consistency of
the evaluations, including variable data quality available for review and varying levels of
expertise on the evaluation teams. For example, part way through the evaluation process,
standard review sheets were provided for some of the technologies prior to their evaluation and
some were provided after the evaluation. Re-evaluation was not considered as a result of time
and budget constraints. In some cases, there may be merit to revisit these evaluations in the
future, if this is determined to be critical in the C4 process.
In the development of the road maps, it is important to recognize the differences between
operating mine sites and future/planned mine sites. For operating sites improvements will likely
come as a result of modifying existing technologies and inserting some new technologies to
enhance the overall performance. For new mine sites, completely new suites of technologies
can be considered, based on their specific needs or restrictions. Some of the key differences
that must be considered are as follows:




Land available for tailings and water management;






Source material (quality, fines content, clay mineralogy);

Different tailings streams (legacy MFT, flotation tailings, sand tailings, TSRU, thickened,
etc.);

Existing technologies;
Mine development schedule; and
Site conditions (topography, geology, etc.).
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4.0

DISCLAIMER

This report is an instrument of service of Golder Associates and by extension the Consortium of
Tailings Management Consultants (CTMC). The report has been prepared for the use of Alberta
Innovates - Energy and Environment Solutions for the specific application to the "Tailings
Deployment Roadmap and action plan for "end to end" solutions for oil sands tailings project".
The material in this report reflects our best judgement in the light of the information provided at
the time of preparation. Any use which a third party makes of this report, or any reliance on or
decisions to be made on it, are the sole responsibility of such third parties. Golder Associates
and the CTMC accepts no responsibility for damages, if any, suffered by any third party as a
result of decisions or actions based on this report. In preparing this report we have endeavoured
to comply with generally-accepted professional practice common to the industry and the local
area. No other warranty is made either express or implied.
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FIGURES
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FIGURE 1: CTMC PROCESS FLOW SHEET
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FIGURE 2: COMPONENT 2 OBJECTIVES / SUB-OBJECTIVES VS. COMPONENT 3
INDICATORS
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APPENDIX A – MASTER LEGENDS AND TABLES
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MASTER LEGEND OF TECHNOLOGIES
Category: Mining

Project No.: 11-1345-0001
Date: December 22, 2011
Issue : Rev 1

Technologies

Stage of
Technology
Development

Technology
Group

Commercial

-

Selective mining to reduce fines

T-001

Development

-

At-face mining

T-416

Name

#
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MASTER TABLE
Category: Mining

#

Indicators

Descriptors

Weighting

Ranking Guidelines

Technical Criteria

1

2

3

4

5

6

7

8

9

10

Selectivity

Bitumen extraction

Potential for the technology to improve ore/waste separation (e.g. by implementing hydraulic
shovels instead of cable shovels)

Impact on bitumen recovery

Tailings footprint

External area required for storing tailings for entire life of mine

Design complexity

Complexity of the mine design and execution (e.g. amount of mobile equipment and number
of fronts in at-the face mining) and controls for storage and transportation of product

Construction complexity

Complexity of construction methods and temporary works for infrastructure during mining
(e.g. construction of in-situ pillar containments and mine pits)

System flexibility

Potential for increasing surge capacity, system expansion or optimization over time and
accommodation of changes in operation and regulations

System reliability

Process product quality

Water treatment: short-term

Technical uncertainty

Effort required to operate and maintain equipment or systems during mining operations (e.g.
pit stability)

Product pH, solids content, bitumen content and sand to fine ratio

Requirement for treatment of process affected waters during mining (i.e. treating and
storage)

Degree to which a technology is proven along with the quality and amount of supporting
information available

3

0 = No potential
33 = Low potential
66 = Moderate potential
100 = High potential

2

0 = Major negative impacts as a result of mine processing
33 = Some negative impacts as a result of mine processing
66 = Some positive impacts as a result of mine processing
100 = Major positive impacts as a result of mine processing

3

0 = Considerable increase in tailings footprint
33 = Increase in tailings footprint
66 = Status quo, no change in tailings footprint
100 = Decrease in tailings footprint

3

0 = Consultant required and new or one-off design
33 = Consultant required and standard design
66 = Standard design
100 = Minor design

3

0 = Novel or advanced construction methods required
33 = Standard construction, more complex construction methods
66 = Standard construction, simple construction methods
100 = Minor on-site construction required

2

0 = No potential flexibility (no potential)
33 = Minimal potential flexibility (minimal)
66 = Potential to be flexible (moderate)
100 = High potential to be flexible (high potential)

1

0 = Requires constant operator input and weekly maintenance outside of
preventative maintenance
33 = Requires a lot of operator input and monthly maintenance outside of
preventative maintenance
66 = Requires some operator input and preventative maintenance
100 = Requires little operator input and only preventative maintenance

1

0 = Extreme deviation from the target process design parameters
33 = Moderate deviation from the target process design parameters
66 = Deviation from the target process design parameters
100 = Meets the target process design parameters

3

0 = More than 75% of the total volume of process water requires treatment for
reuse/recycle/discharge
33 = 25%-75% of the total volume of process water requires treatment for
reuse/recycle/discharge
66 = Less than 25% of the total volume of process water requires treatment for
reuse/recycle/discharge
100 = No significant treatment required

2

0 = New technology, no track record and no experience beyond bench scale
33 = New technology and pilot testing under site conditions. Existing
technology without previous application at commercial level in any industry
66 = Technology widely used in other industries. No previous experience with
oil sands tailings or experience with some commercial success
100 = Previous successful experience with implementation of technology in oil
sands tailings at a commercial level

2

0 = High potential
33 = Moderate potential
66 = Low potential
100 = No significant potential

2

0 = High potential for erosion and sedimentation
33 = Moderate potential for erosion and sedimentation
66 = Low potential for erosion and sedimentation
100 = No significant potential for erosion and sedimentation

1

0 = Major potential impacts
33 = Moderate potential impacts
66 = Minimal potential impacts
100 = No significant potential impacts

3

0 = Major potential impacts
33 = Moderate potential impacts
66 = Minimal potential impacts
100 = No significant potential impacts

1

0 = High potential
33 = Moderate potential
66 = Low potential
100 = No significant potential

1

0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease

2

0 = High potential for release
33 = Moderate potential for release
66 = Low potential for release
100 = No significant potential for release

1

0 = Large impacts on biodiversity and wildlife habitat
33 = Moderate impacts on biodiversity and wildlife habitat
66 = Few impacts on biodiversity and wildlife habitat
100 = Meets biodiversity/habitat targets

Environmental Criteria

1

2

3

4

5

6

7

8

Geotechnical and seismic hazards/risk

Potential for a large scale or catastrophic failure to occur during mine operations (i.e.
liquefaction, seismic events, erosion etc.)

Erosion and sedimentation

Effectiveness in minimizing erosion and downstream sedimentation during mining operations
(e.g. dust and erosion gullies)

Process affected water quality

Potential for negative impacts on the process affected water chemistry and residual bitumen
in the water containment facility

Groundwater quality

Potential for negative impacts on groundwater quality during construction and mine
operation

Air emissions

Potential for reduction in mining fleet air emission

Greenhouse gas emissions

Production of greenhouse gases during construction and operation

Release of COC (Contaminant Of Concern)

Potential for uncontrolled spills of contaminants during construction and/or operation (e.g.
fuel spills)

Ecosystems: short-term

Direct and indirect short term impacts on species diversity, wildlife habitats and end land use

1
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MASTER TABLE
Category: Mining

#

9

Indicators

Descriptors

Weighting

Weather

Impact of seasonal changes (e.g. freeze/thaw cycles) and extreme weather conditions on
mining

Ranking Guidelines

1

0 = Major negative impacts
33 = Some negative impacts
66 = No impacts (neutral)
100 = Some positive impacts

1

0 = High risk, does not meet regulatory requirements, involves technologies
and methods for which no health and safety regulation exists
33 = Moderate risk, meets minimal regulatory requirements, involves no
unregulated health and safety concerns
66 = Low risk, surpasses regulatory requirements, involves no unregulated
health and safety concerns
100 = Low risk, meets industry best practice standards and guidelines

1

0 = Requires highly skilled operators in possession of relevant certificates
33 = Requires skilled operators, relevant certificates required
66 = Requires skilled operators, no need for certificates
100 = Requires operators, no need for certificates

3

0 = High risk, loss of social license to operate
33 = Major active opposition
66 = No major active opposition
100 = Minimal risk, positive public reactions

1

0 = Major impacts
33 = Moderate impacts
66 = Minimal impacts
100 = No significant impacts

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

3

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

2

0 = Difficulties expected in obtaining permits
33 = Difficulties expected in obtaining a small number of permits
66 = Permit approval expected to be conditional for a small number of permits
100 = Approval process expected to be straightforward

Social Criteria

1

2

3

4

Health and Safety

Risk to safety of individuals and safety of equipment operation or movement

Operators' skill

Required operators' expertise and training (e.g. operator's skill to discriminate between ore
and waste)

Corporate reputation

Quality of life

Risk to reputation and corporate image based on public perception

Negative impact of dust, noise, traffic and road closure impacts on general public

Economic Criteria

1

2

3

4

Capital cost

Capital cost associated with equipment such as, but not limited to, trucks and shovels

Operating and energy cost

Operating costs associated with, but not limited to, the utility energy costs, trucks, cable
shovels, hydraulic shovels

Scale up to next level of maturity

Cost and time required to bring alternative to the next level of maturity and/or effort required
to optimize commercial application

Standards, laws and regulations

Ease of obtaining necessary permits and approvals

2
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Category: Extraction and Bitumen Recovery
Technologies

Stage of
Technology
Development

Technology
Group

Commercial

Water Based

Water based extraction

T-527

-

-

-

-

Water Based

Oleophillic sieve/beads

T-529

-

-

-

-

Solvent Based

Non aqueous solvent extraction

T-186

-

-

-

-

Retort Based

Retort based bitumen extraction

T-548

Alberta Taciuk Process (ATP)

T-024

-

-

-

Water Based

Bitumen extraction using CaO &
O3 or CaO and BD

T-009

Electro-magnetic enhanced
extraction

T-095

-

-

-

RTR/Gulf extraction process

T-007

CO2 supercritical fluid extraction

T-016

Development

Name

#

Name

#

Name

#

Name

#

Name

#

Research
Other

Mechanical processing of oil
sands

T-358

Bitumen recovery using inorganic geo-polymers

T-215

Bitumen recovery using Osead
hydrocarbons technologies

T-360
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MASTER TABLE
Category: Extraction & Bitumen Recovery

#

Indicators

Descriptors

Weighting

Ranking Guidelines

Technical Criteria

1

Feed characteristics

Ability to accommodate ores with different grades and fines content

1

2

Bitumen extraction

Impact on bitumen recovery

2

3

Fluid fine tailings formation

Ability to manage fines reject rate and fines capture during feed preparation and extraction
processes

3

4

Fluid fine tailings volume

Volume of fluid fine tailings produced

1

5

Tailings footprint

External area required for storing tailings for entire life of mine

3

6

Design complexity

Complexity of the design and controls for production, transportation and storage of feed
and final product

3

7

Construction complexity

Complexity of construction or installation methods and temporary works for infrastructure
during extraction and bitumen recovery (e.g. rotating drums, a primary separation vessel
(PSV), and flotation cells)

3

8

System flexibility

Potential for system expansion or optimization over time and accommodation of changes in
operation and regulations

2

9

System reliability

Effort required to operate and maintain equipment or systems during extraction and
bitumen recovery

1

10

Geotechnical product quality

Produces tailings with geotechnical properties capable of meeting targets for consolidation
rate, tailings strength and trafficability

3

11

Technical uncertainty

Degree to which a technology is proven along with the quality and amount of supporting
information available

2

0 = Very sensitive to minor changes in the listed variables
33 = Sensitive to moderate changes in the listed variables
66 = Sensitive to major changes variables
100 = Not sensitive to changes in the listed variables
0 = Similar to current typical extraction yields
33 = Minimal increase on current typical extraction yields
66 = Moderate increase on current typical extraction yields
100 = Major increase on typical extraction yields
0 = Difficult to manage both fines reject rate and percentage of fines
captured
33 = Difficult to manage fines reject rate, but easy to manage percentage of
fines captured
66 = Easy to manage fines reject rate and difficult to manage percentage of
fines captured (vice versa)
100 = Easy to manage fines reject rate and percentage of fines captured
0 = Considerable increase in volume
33 = Increase in volume
66 = Status quo, no change in volume
100 = Decrease in volume
0 = Considerable increase in tailings footprint
33 = Increase in tailings footprint
66 = Status quo, no change in tailings footprint
100 = Decrease in tailings footprint
0 = Consultant required for new or one-off design
33 = Consultant required and standard design
66 = Standard design
100 = Package plant, minor design
0 = Novel or advanced construction methods required
33 = Standard construction, more complex construction methods
66 = Standard construction, simple construction methods
100 = Package plant, minor on-site construction required
0 = No potential flexibility (no potential)
33 = Minimal potential flexibility (minimal)
66 = Potential to be flexible (moderate)
100 = High potential to be flexible (high potential)
0 = Requires constant operator input and weekly maintenance outside of
preventative maintenance
33 = Requires a lot of operator input and monthly maintenance outside of
preventative maintenance
66 = Requires some operator input and preventative maintenance
100 = Requires little operator input and only preventative maintenance
0 = Does not meet targets or geotechnical property requirements
33 = Meets the minimal geotechnical property requirements
66 = Geotechnical property quality surpasses requirements
100 = Geotechnical property quality meets industry best practice standards
and guidelines
0 = New technology, no track record and no experience beyond bench scale
33 = New technology and pilot testing under site conditions. Existing
technology without previous application at commercial level in any industry
66 = Technology widely used in other industries. No previous experience with
oil sands tailings or experience with some commercial success
100 = Previous successful experience with implementation of technology in
oil sands tailings at a commercial level

Environmental Criteria

1

Fresh water usage

Potential to minimize fresh water intake

2

2

Process recycle water quality

Potential for negative impacts on the process recycle water chemistry either in the plant or
in the tailings storage facility

1

3

Air emissions

Production of dust or gases including, but not limited to, VOC's and H2S, during construction
and operation

1

4

Greenhouse gas emissions

Production of greenhouse gases during construction and operation

1

5

Release of COC (Contaminant Of Concern)

Potential for uncontrolled spills of contaminants during process or during transport of
contaminants

2

0 = Increase in fresh water intake
33 = No potential (no change in fresh water intake)
66 = Low potential
100 = High potential
0 = Major potential for impacts on both process recycle water and water in
the tailings storage facility (TSF)
33 = Minimal potential for impacts on process recycle water and major
impacts on the water in the TSF
66 = Minimal potential for impacts on both process recycle water and water
in TSF
100 = No significant potential for impacts on both process recycle water and
water in TSF
0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease
0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease
0 = High potential for release
33 = Moderate potential for release
66 = Low potential for release
100 = No significant potential for release

Social Criteria

1

2

3

Health and Safety

Operators' skill

Corporate reputation

Risk to safety of individuals and safety of equipment operation or movement

Required operators' expertise and training

Risk to reputation and corporate image based on public perception

1

1

0 = High risk, does not meet regulatory requirements, involves technologies
and methods for which no health and safety regulation exists
33 = Moderate risk, meets minimal regulatory requirements, involves no
unregulated health and safety concerns
66 = Low risk, surpasses regulatory requirements, involves no unregulated
health and safety concerns
100 = Low risk, meets industry best practice standards and guidelines

1

0 = Requires highly skilled operators in possession of relevant certificates
33 = Requires skilled operators, relevant certificates required
66 = Requires skilled operators, no need for certificates
100 = Requires operators, no need for certificates

3

0 = High risk, loss of social license to operate
33 = Major active opposition
66 = No major active opposition
100 = Minimal risk, positive public reactions
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#

4

Indicators

Quality of life

Descriptors

Weighting

Negative impact of dust, noise, traffic and road closure impacts on general public

1

Ranking Guidelines
0 = Major impacts
33 = Moderate impacts
66 = Minimal impacts
100 = No significant impacts

Economic Criteria

1

Capital cost

Capital cost associated with equipment such as, but not limited to, pumps, pipelines, a PSV,
floatation cells, rotating drums, scrubbers etc.

2

Operating and energy cost

Operating costs associated with, but not limited to, the utility energy costs,
flocculants/coagulants and trucks and fuel

3

3

Closure and post-closure cost

Closure and post-closure cost associated with, but not limited to, long-term environmental
liabilities

2

4

Scale up to next level of maturity

Cost and time required to bring alternative to the next level of maturity and/or effort
required to optimize commercial application

1

5

Standards, laws and regulations

Ease of obtaining necessary permits and approvals

2

2

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense
0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense
0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense
0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense
0 = Difficulties expected in obtaining permits
33 = Difficulties expected in obtaining a small number of permits
66 = Permit approval expected to be conditional for a small number of
permits
100 = Approval process expected to be straightforward
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MASTER LEGEND OF TECHNOLOGIES
Category: Tailings Processing

Stage of
Technology
Development

Technologies (29)
Technology
Group

#

Name

#

Composite & consolidated
tailings (CT from MFT)

T-059

Thickening

Thickening -- in-line

T-044

Cycloning

Cycloning

T-098

MFT-spiked whole tailings

T-060

Thickening

Paste thickener

T-208

Centrifuge

One stage and two Stage
Centrifuge MFT with floc (solid &
screen bowl)

T-069

De-canter centrifuges

Filtration

Pressure filtration

T-076

Combined Tailings

Commercial

Name

Combined Tailings

Name

-

Pond settling

-

T-266

-

Non-segregating tailings made
with sand and thickened tailings

#

High rate thickener

T-207

-

High density CT (super CT)

#

-

-

T-206

Name

-

-

T-197

Co-mixing MFT and overburden

-

-

T-528

-

-

Vacuum filtration

T-080

-

-

T-020

Low energy phase separation

T-018

-

-

Gas injection to accelerate
clarification (CO2)

T-268

Dewatering and drying MFT

T-073

NST production from the blend
of cyclone underflow, thickener
underflow and MFT using CaO or
CaO & CO2

T-185

T-062

Development

TSRU treatment of tailings
Froth Treatment
Tailings Reprocessing (creating value from waste)

Other

Combined Tailings

Thickening

-

Oil sands tailings treatment and
its comprehensive utilization

T-234

-

Froth treatment tailings
thickening

T-267

Staged coagulation/flocculation

T-205

Cross flow tailings filtration

T-067

Electrokinetic dewatering - filter
belt

T-193

T-085

Tailings compaction and water
recovery

Continuous mixing unit for
flocculation (tailings reduction
through high shear)

-

-

T-054

-

Research
Filtration

Other

Thermal drying (includes MFT
brickmaking and other artificial
drying technologies

T-257

-

MFT treatment using inert microbeads

-

T-262

Tailings treatment using electroflotation in combination with
electro-chemical oxidation

T-248
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MASTER TABLE
Category: Tailings Processing

#

Indicators

Descriptors

Weighting

Ranking Guidelines

Technical Criteria

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Feed characteristics

Fresh tailings

MFT

Ability to accommodate tailings materials with different mineralogy, PSD, bitumen
content, clay content, and solids content

Applicability to fresh tailings

Applicability to legacy MFT

Bitumen extraction

Negative impact on bitumen recovery (i.e. chemistry of recycle water)

Fluid fine tailings formation

Ability to capture fines and reduce the degree of segregation during production,
transportation, deposition and storage

Tailings footprint

External area required for storing tailings for entire life of mine

Design complexity

Complexity of the design and controls for production, transportation and storage of feed
and final product

Construction complexity

Complexity of construction methods and temporary works for infrastructure or
deposition (e.g. plant and equipment or dykes, dams, seepage collection systems, and
spillways)

System flexibility

Potential for system expansion or optimization over time and accommodation of changes
in operation and regulations

System reliability

Geotechnical product quality

Effort required to operate and maintain tailings processing equipment or systems (e.g.
pipeline plugging)

Ability to meet targets for consolidation rate, tailings strength and trafficability

Process product quality

Product pH, solids content, bitumen content and sand to fine ratio

Consolidation

Effect of the technology on increasing dewatering/consolidation rate of the deposited
materials throughout closure and post-closure

Water recovery

Water recovery during tailings processing, deposition and shortly after deposition (e.g.
filtrate, thickener overflow etc.)

Water treatment: short-term

Technical uncertainty

Requirement for treatment of process affected waters during operations and tailings
processing

Degree to which a technology is proven along with the quality and amount of supporting
information available

1

0 = Very sensitive to minor changes in the listed variables
33 = Sensitive to moderate changes in the listed variables
66 = Sensitive to major changes in the listed variables
100 = Not sensitive to changes in the listed variables

2

0 = Not applicable to fresh tailings
33 = Applicable to one stream
66 = Applicable to two or more streams
100 = Applicable to all streams

2

0 = Not applicable to MFT
33 = Applicable to few MFT constituencies
66 = Applicable to multiple MFT constituencies
100 = Applicable to all MFT constituencies

2

0 = Major impacts
33 = Some impacts
66 = Minimal impacts
100 = No significant impacts

3

0 = Unable to capture fine and ultrafine particles
33 = Capture most of the fines but unable to capture ultrafine particles
66 = Potential to meet the regulatory requirements for fines capture
100 = Meets regulatory requirements for fines capture

3

0 = Considerable increase in tailings footprint
33 = Increase in tailings footprint
66 = Status quo, no change in tailings footprint
100 = Decrease in tailings footprint

3

0 = Consultant required for new or one-off design
33 = Consultant required and standard design
66 = Standard design
100 = Package plant, minor design

3

0 = Novel or advanced construction methods required
33 = Standard construction, more complex construction methods
66 = Standard construction, simple construction methods
100 = Package plant, minor on - site construction required

2

0 = No potential flexibility (no potential)
33 = Minimal potential flexibility (minimal)
66 = Potential to be flexible (moderate)
100 = High potential to be flexible (high potential)

1

0 = Requires constant operator input and weekly maintenance outside of preventative
maintenance
33 = Requires a lot of operator input and monthly maintenance outside of preventative
maintenance
66 = Requires some operator input and preventative maintenance
100 = Requires little operator input and only preventative maintenance

3

0 = Does not meet targets or geotechnical property requirements
33 = Meets the minimal geotechnical property requirements
66 = Geotechnical property quality surpasses requirements
100 = Geotechnical property quality meets industry best practice standards and
guidelines

3

0 = Extreme deviation from the target process design parameters
33 = Moderate deviation from the target process design parameters
66 = Deviation from the target process design parameters
100 = Meets the target process design parameters

2

0 = No significant effect
33 = Minimal effect
66 = Moderate effect
100 = Major effect

3

0 = < 25% of free water available
33 = 25-50% of free water available
66 = 50 - 75% of free water available
100 = >75 % of free water available

3

0 = More than 75% of the total volume of process water requires treatment for
reuse/recycle/discharge
33 = 25%-75% of the total volume of process water requires treatment for
reuse/recycle/discharge
66 = Less than 25% of the total volume of process water requires treatment for
reuse/recycle/discharge
100 = No significant treatment required

2

0 = New technology, no track record and no experience beyond bench scale
33 = New technology and pilot testing under site conditions. Existing technology
without previous application at commercial level in any industry
66 = Technology widely used in other industries. No previous experience with oil sands
tailings or experience with some commercial success
100 = Previous successful experience with implementation of technology in oil sands
tailings at a commercial level

2

0 = High potential for erosion and sedimentation
33 = Moderate potential for erosion and sedimentation
66 = Low potential for erosion and sedimentation
100 = No significant potential for erosion and sedimentation

2

0 = Increase in fresh water intake
33 = No potential (no change in fresh water intake)
66 = Low potential
100 = High potential

1

0 = Major potential for impacts on both process recycle water and water in the tailings
storage facility (TSF)
33 = Minimal potential for impacts on process recycle water and major impacts on the
water in the TSF
66 = Minimal potential for impacts on both process recycle water and water in TSF
100 = No significant potential for impacts on both process recycle water and water in
TSF

2

0 = Major potential impacts
33 = Moderate potential impacts
66 = Minimal potential impacts
100 = No significant potential impacts

Environmental Criteria

1

2

3

4

Erosion and sedimentation

Fresh water usage

Effectiveness in minimizing erosion of the deposit as well as the downstream
sedimentation during construction and operation

Potential to minimize fresh water intake

Process recycle water quality

Potential for negative impacts on the process recycle water chemistry either in the plant
or in the tailings storage facility

Surface water quality

Potential for negative impacts on surface water quality in deposition unit from residual
contaminants or natural processes such as acid rock drainage or metal leaching

1
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#

5

6

7

8

9

10

11

Indicators

Descriptors

Weighting

Groundwater quality

Potential for negative impacts on groundwater quality during construction and operation

Air emissions

Production of dust or gases including, but not limited to, VOC's and H2S, during
construction and operation

Greenhouse gas emissions

Production of greenhouse gases during construction and operation

Release of COC (Contaminant Of Concern)

Potential for uncontrolled spills of contaminants during process or during transport of
contaminants

Ecosystems: short-term

Direct and indirect short term negative impacts on species diversity, wildlife habitats

Ecosystems: long-term

Direct and indirect long term negative impacts on species diversity, wildlife habitats and
end land use

Weather

Impact of seasonal changes and extreme weather conditions on tailings processing

Ranking Guidelines

3

0 = Major potential impacts
33 = Moderate potential impacts
66 = Minimal potential impacts
100 = No significant potential impacts

1

0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease

1

0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease

2

0 = High potential for release
33 = Moderate potential for release
66 = Low potential for release
100 = No significant potential for release

1

0 = Large impacts on biodiversity and wildlife habitat
33 = Moderate impacts on biodiversity and wildlife habitat
66 = Few impacts on biodiversity and wildlife habitat
100 = Meets biodiversity/habitat targets

2

0 = Large impacts on biodiversity and wildlife habitat
33 = Moderate impacts on biodiversity and wildlife habitat
66 = Few impacts on biodiversity and wildlife habitat
100 = Meets biodiversity/habitat targets

1

0 = Major negative impacts
33 = Some negative impacts
66 = No impacts (neutral)
100 = Some positive impacts

1

0 = High risk, does not meet regulatory requirements, involves technologies and
methods for which no health and safety regulation exists
33 = Moderate risk, meets minimal regulatory requirements, involves no unregulated
health and safety concerns
66 = Low risk, surpasses regulatory requirements, involves no unregulated health and
safety concerns
100 = Low risk, meets industry best practice standards and guidelines

1

0 = Requires highly skilled operators in possession of relevant certificates
33 = Requires skilled operators, relevant certificates required
66 = Requires skilled operators, no need for certificates
100 = Requires operators, no need for certificates

3

0 = High risk, loss of social license to operate
33 = Major active opposition
66 = No major active opposition
100 = Minimal risk, positive public reactions

1

0 = Unacceptable to public, negative reactions
33 = Status quo
66 = Acceptable to public, positive reactions
100 = Returned to pre-disturbed land conditions

1

0 = Major impacts
33 = Moderate impacts
66 = Minimal impacts
100 = No significant impacts

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

3

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

2

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

2

0 = Difficulties expected in obtaining permits
33 = Difficulties expected in obtaining a small number of permits
66 = Permit approval expected to be conditional for a small number of permits
100 = Approval process expected to be straightforward

1

0 = No possible use
33 = Major restrictions on use
66 = Some restrictions for use
100 = No restrictions for use

Social Criteria

1

2

3

4

5

Health and Safety

Operators' skill

Corporate reputation

Aesthetics and cultural attributes of the site

Quality of life

Risk to safety of individuals and safety of equipment operation or movement

Required operators' expertise and training

Risk to reputation and corporate image based on public perception

Public acceptability of visual impacts, and preserving re-establishing of cultural attributes

Negative impact of dust, noise, traffic and road closure impacts on general public

Economic Criteria

1

2

3

4

5

6

Capital cost

Capital cost associated with equipment such as, but not limited to, pumps, pipelines,
thickeners and cyclones

Operating and energy cost

Operating costs associated with, but not limited to, the utility energy costs,
flocculants/coagulants and trucks and fuel

Closure and post-closure cost

Closure and post-closure cost associated with, but not limited to, long-term
environmental liabilities

Scale up to next level of maturity

Cost and time required to bring alternative to the next level of maturity and/or effort
required to optimize commercial application

Standards, laws and regulations

Ease of obtaining necessary permits and approvals

Value of reclaimed property (end land use)

Potential value of the reclaimed land based on opportunities for socio-economic
development (i.e. hunting, forestry and fishing)

2
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MASTER LEGEND OF TECHNOLOGIES
Category: Deposition and Capping

Stage of
Technology
Development

Technologies (31)

Technology
Group

Facilities

Placement
Methods

Commercial

Name

Water recycle

#

Name

#

-

T-509

Thin lift evaporation/drying
Conventional hydraulic fill
(Eli Rabinski cones, mud
T-040 (includes managed
farming)
beaching)

Re-handle tailings (sand,

Re-Work/Resand farming, stockpiling,
Handle
dewatering)

Name

#

-

Name

#

-

Tailings discharge
T-507 (tremmie, over boarding,
spigotting)

T-270 MFT pumping

T-510

Name

#

Name

#

-

-

-

-

T-252

-

-

-

-

-

Tailings consolidation

T-513

-

-

-

-

-

Capping

Hydraulic capping of soft
tailings (beaching), coke or
sand

Mechanical capping of soft
T-107 tailings (coke, tailings sand,
overburden)

T-115

-

-

-

-

Facilities

Under-drain tailings

T-188 Engineered liner

T-405

-

-

-

-

Thin layer freeze-thaw
cycling dewatering

Poldering (stop cell
T-037
construction)

Vertical drains (wick or
band drains, sand columns,
electro-kinetic wicks, air
injection)

T-090

Subaqueous capping
(raining sand or coke)

T-438

-

Placement
Methods

Sub-stratum injection of
fine tailings

T-222

-

In-Situ

Accelerated
evapotranspiration using
vegetation

In-situ treatment of MFT
T-039
(chemical & biological)

Tailings surface sealants to
improve trafficability and
limit infiltration

T-550

Vacuum
consolidation/preloading
method

(Ultra) lightweight
T-429 aggregates as a tailings
technology

In-Situ

Placement
Methods

T-235 Cyclo-stacking

T-099 Interlayer MFT and sand

T-065 Tailings conveying/stacking

Geotube dewatering
T-508 (tailings and coarse
material)

T-192

Development
In-Situ

Capping

Research

Capping

No current
stage of
development
in oil sands

In-Situ

Accelerated dewatering
(rim-ditching)

T-032

Soil cement mixing with
additives

-

-

-

-

-

-

-

-

-

-

-

Shock densification of soft
T-056 tailings (blast, vibration,
moving screens, bubblers)

-

T-368

T-242

Electro-kinetic dewatering
T-088
of fines

Freezing and burial of soft
T-209 tailings (been frozen long
enough to bury)

T-243 Mini gulp skimming barge

-

-

-

-

-

-

-

-

T-409
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Project No.: 11‐1345‐0001
Date: February 1, 2012
Issue: Rev 1

MASTER TABLE
Category: Deposition and Capping

#

Indicators

Descriptors

Weighting

Ranking Guidelines

Technical Criteria

1

0 = Performance is very sensitive to minor changes in the listed variables
33 = Performance is sensitive to moderate changes
66 = Performance is sensitive to major changes
100 = Performance is not sensitive to changes in the listed variables

Fluid fine tailings formation

Ability to capture fines (e.g. within cell) and reduce fluid fine tailings accumulation and degree
of segregation during deposition and storage

3

0 = Unable to capture fine and ultrafine particles
33 = Capture most of the fines but unable to capture ultrafine particles
66 = Potential to meet the regulatory requirements for fines capture
100 = Meets regulatory requirements for fines capture

Dedicated deposition area

Required surface area for deposition

3

0 = Considerable increase in dedicated deposition area
33 = Increase in dedicated deposition area
66 = Status quo, no change in dedicated deposition area
100 = Decrease in dedicated deposition area

Design complexity

Complexity of the design and controls of deposition unit, storage of feed and final product, as
well as, optimization of design parameters (e.g. cell structure, lift thickness, drying time, or
drying methodology or placement depth of wick drains)

3

0 = Consultant required and new or one‐off design
33 = Consultant required and standard design
66 = Standard design
100 = Standard design pack

5

Construction complexity

Complexity of construction methods and temporary works for infrastructure and equipment
installation (e.g. cell structure, basal foundation and beach construction, seepage collection
systems, spillways as well as installation of geotextiles or other sand cap)

3

0 = Novel or advanced construction methods required
33 = Standard construction, more complex construction methods
66 = Standard construction, simple construction methods
100 = Standard design pack, minor on‐site construction required

6

Operation complexity

Complexity of transportation (e.g. complexity of transportation due to complex rheological
properties of MFT/fresh tailings) and placement/discharge of deposition materials (e.g.
seasonal deposition, pipeline moves and spigot operation)

2

0 = Extremely complex
33 = Moderately complex
66 = Minimal complexity
100 = Not complex

7

System flexibility

Potential for system expansion or optimization over time and accommodation of changes in
operation, the closure plan and regulations

2

0 = No potential flexibility (no potential)
33 = Minimal potential flexibility (minimal)
66 = Potential to be flexible (moderate)
100 = High potential to be flexible (high potential)

Tailings characteristics

Effect of tailings material variability (mineralogy, PSD, bitumen content, clay content, and
solids content) on the performance of the technology (e.g. stability of the deposited
materials)

2

3

1

4

8

System reliability

Effort required to operate and maintain system which includes equipment monitoring and
instrumentation performance controls (e.g. drains, dust, seepage etc.)

1

0 = Requires constant operator input and weekly maintenance outside of preventative maintenance
33 = Requires a lot of operator input and monthly maintenance outside of Preventative
Maintenance
66 = Requires some operator input and preventative maintenance
100 = Requires little operator input and only preventative maintenance

9

Geotechnical stability

Impact on geotechnical stability of constructed deposition unit (cell walls and foundation
stability), trafficability of deposited material and reduction of cell settlement

3

0 = Increased stability issues
33 = Status quo
66 = Moderate improvement
100 = Significant improvement

10

Consolidation

Effect of the technology on accelerating dewatering/consolidation rate of the deposited
materials throughout operation and post‐closure

2

0 = No significant effect
33 = Minimal effect
66 = Moderate effect
100 = Major effect

11

Water recovery

Excess effluent and consolidation water recovered during deposition and closure

3

0 = No recoverable water
33 = Status quo
66 = Moderate
100 = Significant

12

Water treatment: short‐term

Requirement for water treatment during deposition

3

0 = More than 75% of the total volume of process water requires treatment for
reuse/recycle/discharge
33 = 25%‐75% of the total volume of process water requires treatment for reuse/recycle/discharge
66 = Less than 25% of the total volume of process water requires treatment for
reuse/recycle/discharge
100 = Not required

13

Cell and capping materials

Amount of materials needed for cell construction and capping such as densified tailings (DT)
sands, overburden, and coke

3

0 = Significant construction materials required
33 = Status quo
66 = Moderate reduction in construction materials required
100 = Significant reduction in construction materials required

Degree to which an alternative is proven and the quality and amount of supporting
information

2

0 = New technology, no track record and no experience beyond bench scale
33 = New technology and pilot testing under site conditions. Existing technology without previous
application at commercial level in any industry
66 = Technology widely used in other industries. No previous experience with oil sands tailings
100 = Previous experience with implementation of technology in oil sands tailings at a commercial
level

Geotechnical and seismic hazards/risk

Potential liability if a large scale catastrophic failure were to occur during operations, closure
and post‐closure (i.e. liquefaction, overtopping etc.)

3

0 = High potential
33 = Moderate potential
66 = Low potential
100 = No significant potential

2

Erosion and sedimentation

Effectiveness in minimizing erosion of deposition unit as well as the downstream
sedimentation during construction, operation and closure (e.g. wind blown tailings, dust, and
erosion gullies)

2

0 = High potential for erosion and sedimentation
33 = Moderate potential for erosion and sedimentation
66 = Low potential for erosion and sedimentation
100 = No significant potential for erosion and sedimentation

3

Surface water quality

Potential for impacts on surface water quality in deposition unit from residual contaminants
or natural processes such as acid rock drainage or metal leaching

2

0 = Major potential for negative impacts
33 = Moderate potential for negative impacts
66 = Status quo
100 = Potential for improvement

Groundwater quality

Potential for negative impacts on groundwater quality during construction, operation,
deposition and closure

3

0 = Major potential impacts
33 = Moderate potential impacts
66 = Minimal potential impacts
100 = No significant potential impacts

Air emissions

Production of dust or gases including, but not limited to, VOC's and H2S, during construction,
operation and closure

1

0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease

14

Technical uncertainty

Environmental Criteria

1

4

5

1
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MASTER TABLE
Category: Deposition and Capping

#

Indicators

Descriptors

Weighting

Ranking Guidelines

6

Greenhouse gas emissions

Production of greenhouse gases during construction, operation and deposition

1

0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease

7

Release of COC (Contaminant Of Concern)

Potential for uncontrolled spills of contaminants during construction, operation or deposition
(i.e. during transport of contaminants)

2

0 = High potential for release
33 = Moderate potential for release
66 = Low potential for release
100 = No significant potential for release

8

Ecosystems: short‐term

Direct and indirect short term impacts on species diversity, wildlife habitats and end land use

1

0 = Large impacts on biodiversity and wildlife habitat
33 = Moderate impacts on biodiversity and wildlife habitat
66 = Few impacts on biodiversity and wildlife habitat
100 = Meets biodiversity/habitat targets

9

Ecosystems: long‐term

Direct and indirect long term impacts on species diversity, wildlife habitats and end land use

2

0 = Large impacts on biodiversity and wildlife habitat
33 = Moderate impacts on biodiversity and wildlife habitat
66 = Few impacts on biodiversity and wildlife habitat
100 = Meets biodiversity/habitat targets

10

Weather

Impact of seasonal changes and extreme weather conditions on deposition and capping (e.g.
damage to environmental protection systems, seepage barriers, dust control etc.)

1

0 = Major negative impacts
33 = Some negative impacts
66 = No impacts (neutral)
100 = Some positive impacts

Social Criteria

1

Health and Safety

Risk to safety of individuals and safety of equipment operation or movement

1

0 = High risk, does not meet regulatory requirements, involves technologies and methods for which
no health and safety regulation exists
33 = Moderate risk, meets minimal regulatory requirements, involves no unregulated health and
safety concerns
66 = Low risk, surpasses regulatory requirements, involves no unregulated health and safety
concerns
100 = Low risk, meets industry best practice standards and guidelines

2

Operators' skill

Required operators' expertise and training

1

0 = Requires highly skilled operators in possession of relevant certificates
33 = Requires skilled operators, relevant certificates required
66 = Requires skilled operators, no need for certificates
100 = Requires operators, no need for certificates

3

Corporate reputation

Risk to reputation and corporate image based on public perception

3

0 = High risk, loss of social license to operate
33 = Major active opposition
66 = No major active opposition
100 = Minimal risk, positive public reactions

4

Aesthetics and cultural attributes of the site

p
y of visual impacts,
p
, and p
preservingg re‐establishingg of cultural attributes
Public acceptability

1

0 = Unacceptable to public, negative reactions
33 = Status quo
66 = Acceptable
bl to public,
bl positive reactions
100 = Returned to pre‐disturbed land conditions

5

Quality of life

Negative impact of dust, noise, traffic and road closure impacts on general public

1

0 = Major impacts
33 = Moderate impacts
66 = Minimal impacts
100 = No significant impacts

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

3

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

Economic Criteria

1

Capital cost

Capital cost associated with, but not limited to, the construction equipment and material
requirements

2

Operating and energy cost

Operating costs associated with, but not limited to, the utility energy costs, trucks, fuel and
manpower

3

Closure and post‐closure cost

Closure and post‐closure cost associated with, but not limited to, long‐term environmental
liabilities

2

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

4

Scale up to next level of maturity

Cost and time required to bring alternative to the next level of maturity and/or effort required
to optimize commercial application

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

5

Standards, laws and regulations

Ease of obtaining necessary permits and approvals

2

0 = Difficulties expected in obtaining permits
33 = Difficulties
Diffi lti expected
t d iin obtaining
bt i i a smallll number
b off permits
it
66 = Permit approval expected to be conditional for a small number of permits
100 = Approval process expected to be straightforward

2

MASTER LEGEND OF TECHNOLOGIES
Category: Reclamation

Stage of
Technology
Development
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Technologies (8)
Technology
Group

Name

#

-

Wetland reclamation

T-139

-

Terrestrial (upland) reclamation

T-158

-

Blowing sand control

T-168

-

Water table/salinization control

T-425

-

End pit lake reclamation (water capped
tailings)

T-138

-

Mixing MFT/CT with reclamation material

T-063

-

Reclamation of tailings or contaminated soil
(salt & heavy metals) using humate

T-356

-

Bioremediation of Oil Sands tailings using
biochar

T-435

Commercial

Development

Research
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MASTER TABLE
Category: Reclamation

#

Indicators

Descriptors

Weighting

Ranking

Technical Criteria

1

2

3

4

5

6

7

8

9

10

11

12

Tailings footprint

Area of reclaimed land

Design complexity

Complexity of the reclamation design (e.g. watershed design; topographic
configurations (i.e. hummocks and swales) to manage water interactions)

Construction complexity

Complexity of construction methods, temporary works and equipment installation for
reclamation landscape (i.e. construction of sand fences, berms, uplands, wetlands,
wildlife enhancement features (e.g. snags) and piezometer installation)

System flexibility

Potential system expansion for optimization over time and accommodation of
changes in closure plan and regulations

System reliability

Effort required to operate, maintain and install equipment, instrumentation and
systems (e.g. sump/pump and recovery well operation, underdrain plugging, dust and
salinization control)

Geotechnical product quality

Settlement

Water recovery

Water treatment: long-term

Ability to meet targets for consolidation rate, tailings strength and trafficability

Overall amount of settlement throughout closure/post-closure

Release and consolidation water recovered during closure and post-closure

Requirement for water treatment during closure/post-closure

Reclamation materials

Abundance of capping and soil cover materials (e.g. densified tailings (DT) sands,
overburden, coke, LFT and peat) and the required equipment to access and move
materials

Inspections, monitoring and sampling

Effort required for visual inspection of reclamation landscape (i.e. inspection for
surface deformations, vegetation die-back, new pooled/seepage areas) as well as
effort required to conduct sampling/testing of landscape (e.g. groundwater sampling
and surface water sampling)

Technical uncertainty

Degree to which a technology is proven along with the quality and amount of
supporting information available

3

0 = Considerable increase in tailings footprint
33 = Increase in tailings footprint
66 = Status quo, no change in tailings footprint
100 = Decrease in tailings footprint

3

0 = Consultant required and new or one-off design
33 = Consultant required and standard design
66 = Standard design
100 = Minor design

3

0 = Consultant required and new or one-off design
33 = Consultant required and standard design
66 = Standard design
100 = Minor design

2

0 = No potential flexibility
33 = Minimal potential flexibility
66 = Potential to be flexible
100 = High potential to be flexible

1

0 = Requires constant operator input and weekly maintenance outside of preventative maintenance
33 = Requires a lot of operator input and monthly maintenance outside of preventative maintenance
66 = Requires some operator input and preventative maintenance
100 = Requires little operator input and only preventative maintenance

3

0 = Does not meet targets or geotechnical property requirements
33 = Meets the minimal geotechnical property requirements
66 = Geotechnical property quality surpasses requirements
100 = Geotechnical property quality meets industry best practice standards and guidelines

2

0 = > 15m of predicted settlement
33 = 10 - 15m of predicted settlement
66 = 2 - 10m of predicted settlement
100 = 0 - 2m of predicted settlement

3

0 = < 25% of free water available
33 = 25-50% of free water available
66 = 50 - 75% of free water available
100 = >75 % of free water available

3

0 = Treatment for 50+ years
33 = Treatment for 15+ years
66 = Treatment for 1 - 15 years
100 = No significant treatment required, but monitoring required until certification

3

0 = Very limited material available and extensive amount and/or specialized equipment required to access
and move
33 = Minimal (just enough) material available and extensive amount and/or specialized equipment required
to access and move
66 = Minimal (just enough) material available and standard amount and type of equiptment required to
access and move
100 = Abundance of material required for design and standard amount and type of equipment required to
access and move

1

0 = Complicated protocols, requires weekly inspections of multiple parameters
33 = Complicated protocols, requires monthly inspections of multiple parameters
66 = Simple testing protocols, requires monthly inspections of few parameters
100 = Simple testing protocols, requires annual inspections only

2

0 = New technology, no track record and no experience beyond bench scale
33 = New technology and pilot testing under site conditions. Existing technology without previous
application at commercial level in any industry
66 = Technology widely used in other industries. No previous experience with oil sands tailings or experience
with some commercial success
100 = Previous successful experience with implementation of technology in oil sands tailings at a commercial
level

3

0 = High potential
33 = Moderate potential
66 = Low potential
100 = No significant potential

2

0 = High potential for erosion and sedimentation
33 = Moderate potential for erosion and sedimentation
66 = Low potential for erosion and sedimentation
100 = No significant potential for erosion and sedimentation

2

0 = Major potential impacts
33 = Moderate potential impacts
66 = Minimal potential impacts
100 = No significant potential impacts

3

0 = Major potential impacts
33 = Moderate potential impacts
66 = Minimal potential impacts
100 = No significant potential impacts

1

0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease

2

0 = Major increase
33 = Moderate increase
66 = Status quo
100 = Decrease

2

0 = Large impacts on biodiversity and wildlife habitat
33 = Moderate impacts on biodiversity and wildlife habitat
66 = Few impacts on biodiversity and wildlife habitat
100 = Meets biodiversity/habitat targets

Environmental Criteria

Geotechnical and seismic hazards/risk

Potential for a large scale or catastrophic failure to occur during closure and postclosure (i.e. liquefaction, seismic events, erosion etc.)

Erosion and sedimentation

Effectiveness in minimizing erosion of the reclaimed landform as well as the
downstream sedimentation during construction/installation of equipment and
instrumentation, closure and post-closure (e.g. dust and erosion gullies)

Surface water quality

Potential for negative impacts on surface water quality in reclamation landform from
residual contaminants or natural processes such as acid rock drainage or metal
leaching

Groundwater quality

Potential for negative impacts on groundwater quality during construction, closure
and post-closure

5

Air emissions

Production of dust or gases including, but not limited to VOC's and H2S, during
construction, closure and post-closure

6

Release/migration of COC (Contamination
of Concern)

Potential for uncontrolled spills or migration of contaminants during implementation
of closure plan (i.e. during transportation of slurry or diffusion of contaminant
through the deposit)

Ecosystems: long-term

Direct and indirect long term impacts on species diversity, wildlife habitats and end
land use

1

2

3

4

7

1
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Category: Reclamation

#

8

9

Indicators

Descriptors

Vegetation

Effort required to revegetate land to pre-disturbed conditions (i.e. land comprised of
local species) and achieve plant cover targets

Weather

Weighting

Impact of seasonal changes and extreme weather conditions on reclamation

Ranking

2

0 = Extremely difficult
33 = Moderately difficult
66 = Minimally difficult
100 = Easy to implement and manage technology

1

0 = Major negative impacts
33 = Some negative impacts
66 = No impacts (neutral)
100 = Some positive impacts

1

0 = High risk, does not meet regulatory requirements, involves technologies and methods for which no
health and safety regulation exists
33 = Moderate risk, meets minimal regulatory requirements, involves no unregulated health and safety
concerns
66 = Low risk, surpasses regulatory requirements, involves no unregulated health and safety concerns
100 = Low risk, meets industry best practice standards and guidelines

1

0 = Requires highly skilled operators in possession of relevant certificates
33 = Requires skilled operators, relevant certificates required
66 = Requires skilled operators, no need for certificates
100 = Requires operators, no need for certificates

3

0 = High risk, loss of social license to operate
33 = Major active opposition
66 = No major active opposition
100 = Minimal risk, positive public reactions

1

0 = Unacceptable to public, negative reactions
33 = Status quo
66 = Acceptable to public, positive reactions
100 = Returned to pre-disturbed land conditions

1

0 = Major impacts
33 = Moderate impacts
66 = Minimal impacts
100 = No significant impacts

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

3

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

2

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

2

0 = Difficulties expected in obtaining multiple permits
33 = Difficulties expected in obtaining a small number of permits
66 = Permit approval expected to be conditional for a small number of permits
100 = Approval process expected to be straightforward

1

0 = No possible benefits from the property
33 = Major restrictions for use
66 = Some restrictions for use
100 = No restrictions for use

Social Criteria

1

2

Health and Safety

Operators' skill

Risk to safety of individuals and safety of equipment operation or movement

Required operators' expertise and training

3

Corporate reputation

4

Public acceptability of visual impacts, and preserving re-establishing of cultural
Aesthetics and cultural attributes of the site
attributes

5

Quality of life

Risk to reputation and corporate image based on public perception

Negative impact of dust, noise, traffic and road closure impacts on general public

Economic Criteria

1

2

3

4

Capital cost

Capital cost associated with, but not limited to, pumps, pipelines, groundwater wells,
construction materials and equipment

Operating and energy cost

Operating costs associated with, but not limited to, the utility energy costs and trucks
and fuel

Closure and post-closure cost

Post-closure cost associated with, but not limited to, long-term environmental
liabilities and maintanence

Scale up to next level of maturity

Cost and time required to bring alternative to the next level of maturity and/or effort
required to optimize commercial application

5

Standards, laws and regulations

Ease of obtaining necessary permits and approvals

6

Potential value of the reclaimed land based on opportunities for socio-economic
Value of reclaimed property (end land use)
development (i.e. hunting, forestry and fishing)

2
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[DEVELOPMENT] TECHNOLOGY EVALUATION FORM
Category:
Technology Group:
Technology Name (#): (T‐###)
#

Indicators

No Data/Lack
Information

Ranking
Weighting

Comments/Assumptions

(See Master Table
for Guidelines)

Technical Criteria

1

Feed characteristics

2

Bitumen extraction

3

Fluid fine tailings formation

4

Fluid fine tailings volume

5

Tailings footprint

6

Design complexity

7

Construction complexity

8

System flexibility

9

System reliability

10

Geotechnical product quality

1
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[DEVELOPMENT] TECHNOLOGY EVALUATION FORM
Category:
Technology Group:
Technology Name (#): (T‐###)
#

Indicators

11

Technical uncertainty

No Data/Lack
Information

Ranking
Weighting

Comments/Assumptions

(See Master Table
for Guidelines)

Environmental Criteria

1

Fresh water usage

2

Process recycle water quality

3

Air emissions

4

Greenhouse gas emissions

5

Release of COC (Contaminant Of
Concern)

Social Criteria

1

Health and Safety

2

Operators' skill

3

Corporate reputation

4

Quality of life

2
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[DEVELOPMENT] TECHNOLOGY EVALUATION FORM
Category:
Technology Group:
Technology Name (#): (T‐###)
#

Indicators

No Data/Lack
Information

Ranking
Weighting

Comments/Assumptions

(See Master Table
for Guidelines)

Economic Criteria

1

Capital cost

2

Operating and energy cost

3

Closure and post‐closure cost

4

Scale up to next level of maturity

5

Standards laws and regulations
Standards,

ADDITIONAL COMMENTS

3

APPENDIX C – EVALUATION DIAMONDS

Client: Alberta Innovates – Energy and Environmental Solutions
Project No.: 11‐1345‐0001.4000
E‐file: CTMC Component 3 Results ‐ Final Report.docx

Project No.: 11-1345-0001
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Issue: Rev 1

ALL CATEGORIES
LIST OF TECHNOLOGIES
Technologies denoted with an "A" or "B" are overlap technologies and have been evaluated twice.

Mining
Tech. #

Technology Name

1

T-001

Selective mining to reduce fines

2

T-416

At-face mining

#

Tech. #

Commercial

1

T-548

Retort based bitumen extraction

Development

2

T-215

Bitumen recovery using in-organic geo-polymers Research

3

T-007

RTR/gulf extraction process

Research

4

T-358

Mechanical processing of Oil Sands

Research

5

T-527

Water based extraction

Commercial

6

T-186

Non aqueous solvent extraction

Development

7

T-529

Oleophillic sieve/beads

Development

8

T-016

CO2 supercritical fluid extraction

Research

NOT EVALUATED

#

Extraction and Bitumen Recovery
Level of Maturity

T-024

Alberta Taciuk Process (ATP) (evaluated as T-548 Development

T-009

Bitumen extraction using CaO & O3 or CaO and
BD

Research

T-095

Electro-magnetic enhanced extraction

Research

T-360

Bitumen recovery using Osead hydrocarbons
technologies

Research

1

Technology Name

Level of Maturity
Development
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Tailings Processing
#

Tech. #

1

T-268

2

Technology Name

Level of Maturity

Tech. #

Gas injection to accelerate clarification (CO2) Development

19

T-185

NST production from blend of cyclone underflow,
Research
thickener underflow and MFT using CaO or CaO & CO2

T-060

MFT-spiked whole tailings

Development

20

T-044

Thickening -- in-line

Commercial

3

T-208

Paste thickener

Development

21

T-197 - A

High density CT (super CT)

Development

4

T-267

Froth treatment tailings thickening

Research

22

T-059

Composite & consolidated tailings (CT from MFT) Commercial

5

T-062 -A

Co-mixing MFT and overburden

Development

T-248

Tailings treatment using electro-flotation in
combination with electro-chemical oxidation

Research

6

T-062 - B

Co-mixing MFT and overburden

Development

T-262

MFT treatment using inert micro-beads

Research

7

T-076

Pressure filtration

Development

T-257

Tailings compaction and water recovery

Research

8

T-207

High rate thickener

Commercial

T-054

Continuous mixing for flocculation

Research

9

T-085

Thermal drying

Research

T-205

Staged coagulation/flocculation

Research

10

T-197 - B

High density CT (super CT)

Development

T-234

Oil Sands tailings treatment and its
comprehensive utilization

Development

11

T-206

Non-segregating tailings made with sand
and thickened tailings

Development

T-073

Dewatering and drying MFT

Development

12

T-098

Cycloning

Commercial

T-018

Low energy phase separation

Development

13

T-080

Vacuum filtration

Development

T-528

De-canter centrifuges (Similar to T-069)

Development

14

T-193

Electrokinetic dewatering -filter belt

Research

15

T-020

TSRU treatment of tailings

Development

16

T-069

One stage and two stage centrifuge MFT
with floc

Development

17

T-266

Pond settling

Commercial

18

T-067

Cross flow tailings filtration

Research

NOT EVALUATED

#

2

Technology Name

Level of Maturity
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Deposition and Capping
#

Tech. #

Technology Name

1

T-090

Vertical drains

2

T-252

3

Level of Maturity

#

Tech. #

Development

19

T-065

Re-handle tailings

Commercial

20

T-509

Water recycle

Commercial

4

T-188

Under-drain tailings

5

T-405

6

Technology Name

Level of Maturity
Development

T-040 - B

Thin lift evaporation

Commercial

21

T-513

Tailings Consolidation

Commercial

Development

22

T-037

Thin layer freeze-thaw cycling dewatering

Development

Engineered liner

Development

23

T-270 - B

Conventional hydraulic fill

Commercial

T-039

Accelerated evapotranspiration using
vegetation

Research

24

T-270 - A

Conventional hydraulic fill

Commercial

7

T-099

Cyclo-stacking

Development

25

T-242 - B

Soil cement mixing with additives

Development

8

T-032

Accelerated dewatering

Development

26

T-438

Subaqueous capping

Development

9

T-550

Tailings surface sealants to improve
trafficability

Research

T-088

Shock densification of soft tailings

Research

10

T-510 Low

Tailings discharge

Commercial

T-507

MFT Pumping

Commercial

11

T-409

Mini gulp skimming barge

Research

T-222

Sub-stratum injection of fine tailings

Research

12

T-508

Tailings conveying/stacking

Development

T-192

Geotube dewatering

Development

13

T-235

Poldering

Development

T-056

In-situ treatment of MFT

Research

14

T-107

Hydraulic capping of soft tailings

Commercial

T-209

Electro-kinetic dewatering of fines

Research

15

T-243

Freezing and burial of soft tailings

Research

T-429

Vacuum consolidation/preloading

No current stage

16

T-115

Mechanical capping of soft tailings

Commercial

T-368

Ultra lightweight aggregates

No current stage

17

T-510 High

Tailings discharge

Commercial

T-242 - A

Soil cement mixing with additives

Development

18

T-040 - A

Thin lift evaporation

Commercial

NOT EVALUATED

Interlayer MFT and sand

3
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Reclamation
#

Tech. #

1

T-158

Terrestrial (upland) reclamation

Commercial

2

T-139

Wetland reclamation

Commercial

3

T-138

End pit lake reclamation

Development

4

T-063

Mixing MFT/CT with reclamation material

Development

NOT EVALUATED

Technology Name

Level of Maturity

T-168

Blowing sand control

Commercial

T-425

Water table/salinization control

Commercial

T-356

Reclamation of tailings or contaminated soil
Development
using humate

T-435

Bioremediation of Oil Sands using biochar

Research

4
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MINING
EVALUATION DIAMONDS
T-001 - Selective Mining

T-416 - At-Face Mining

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Technical

75 / 100

1.00

Technical

29 / 100

1.00

Environmental

82 / 100

0.86

Environmental

83 / 100

1.00

Social

89 / 100

1.00

Social

94 / 100

1.00

Economic

81 / 100

1.00

Economic

76 / 100

1.00

Weighted Average

Weighted Average

Data Quality

Data Quality
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EXTRACTION AND BITUMEN RECOVERY
EVALUATION DIAMONDS
T-548 (T-024) - Retort Based

Technical

64 / 100

1.00

Technical

47 / 100

0.88

0.29

Environmental

71 / 100

1.00

Environmental

100 / 100

0.79

78 / 100

0.92

Social

78 / 100

1.00

Social

61 / 100

0.92

85 / 100

0.72

Economic

63 / 100

1.00

Economic

40 / 100

0.61

Technical

78 / 100

0.96

0.93

Environmental

50 / 100

78 / 100

1.00

Social

81 / 100

1.00

Economic

Technical

69 / 100

1.00

Environmental

100 / 100

Social
Economic

Evaluation
Aspects

T-358 - Mechanical Processing of Oil
Sands
Data
Evaluation
Score
Quality
Aspects

Data
Quality

Data
Quality

Data
Quality

T-007 - RTR / Gulf Extraction
Score

Score

Score

Evaluation
Aspects

T-215 - In-Organic Geo-Polymers

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality

1
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EXTRACTION AND BITUMEN RECOVERY
EVALUATION DIAMONDS
T-527 - Water Based

T-186 - Solvent Based

Technical

0.93

Environmental

61 / 100

1.00

Environmental

NOT EVALUATED

39 / 100

1.00

Social

61 / 100

1.00

Social

NOT EVALUATED

44 / 100

0.83

Economic

48 / 100

0.83

Economic

NOT EVALUATED

1.00

Environmental

57 / 100

55 / 100

1.00

Social

77 / 100

0.89

Economic

Environmental

66 / 100

Social
Economic

0.56

0.88

0.94

1.00

38 / 100

28 / 100

61 / 100

48 / 100

Evaluation
Aspects

Evaluation
Aspects

Data
Quality

Technical

Technical

Technical

Evaluation
Aspects

Score

Data
Quality

Data
Quality

Data
Quality

T-016 - CO2 Supercritical Fluid
Extraction

Score

Score

Score

Evaluation
Aspects

T-529 - Oleophillic Sieve/Beads

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality

2

NOT
EVALUATED
NOT
EVALUATED
NOT
EVALUATED
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TAILINGS PROCESSING
EVALUATION DIAMONDS
T-268 - Gas Injection

T-060 - MFT-Spiked Whole Tailings

T-208 - Paste Thickener

T-267 - Froth Treatment

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Technical

69 / 100

1.00

Technical

69 / 100

1.00

Technical

67 / 100

0.89

Technical

54 / 100

0.92

Environmental

79 / 100

0.94

Environmental

83 / 100

1.00

Environmental

91 / 100

1.00

Environmental

89 / 100

1.00

Social

86 / 100

1.00

Social

81 / 100

1.00

Social

90 / 100

1.00

Social

81 / 100

1.00

Economic

100 / 100

0.70

Economic

97 / 100

1.00

Economic

70 / 100

1.00

Economic

87 / 100

1.00

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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TAILINGS PROCESSING
EVALUATION DIAMONDS
T-062 (A) - Co-Mixing

T-062 (B) - Co-Mixing

T-076 - Pressure Filtration
Score

Evaluation
Aspects

Score

Data
Quality

Technical

74 / 100

1.00

Technical

65 / 100

1.00

0.72

Environmental

87 / 100

1.00

Environmental

72 / 100

1.00

71 / 100

1.00

Social

81 / 100

1.00

Social

76 / 100

1.00

90 / 100

1.00

Economic

43 / 100

1.00

Economic

70 / 100

1.00

Score

Evaluation
Aspects

Technical

58 / 100

0.88

0.92

Environmental

68 / 100

81 / 100

1.00

Social

63 / 100

0.80

Economic

Score

Evaluation
Aspects

Technical

66 / 100

1.00

Environmental

80 / 100

Social
Economic

T-207 - High Rate Thickener

Data
Quality

Data
Quality

Data
Quality

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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TAILINGS PROCESSING
EVALUATION DIAMONDS
T-085 - Thermal Drying

T-197 (B) - High Density CT

T-206 - Non-Segregating Tails
Score

Evaluation
Aspects

Score

Data
Quality

Technical

54 / 100

1.00

Technical

63 / 100

0.87

1.00

Environmental

62 / 100

1.00

Environmental

33 / 100

0.11

76 / 100

1.00

Social

85 / 100

1.00

Social

66 / 100

1.00

56 / 100

1.00

Economic

63 / 100

1.00

Economic

100 / 100

0.70

Score

Evaluation
Aspects

Technical

73 / 100

1.00

0.94

Environmental

76 / 100

61 / 100

1.00

Social

57 / 100

0.95

Economic

Score

Evaluation
Aspects

Technical

88 / 100

0.78

Environmental

78 / 100

Social
Economic

T-098 - Cycloning

Data
Quality

Data
Quality

Data
Quality

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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TAILINGS PROCESSING
EVALUATION DIAMONDS
T-080 - Vacuum Filtration

T-193 - Electrokinetic Dewatering

T-020 - TSRU Treatment

T-069 - 1&2 Stage Centrifuge
MFT/Floc

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Technical

55 / 100

0.96

Technical

70 / 100

0.39

Technical

46 / 100

0.66

Technical

53 / 100

0.91

Environmental

64 / 100

0.94

Environmental

75 / 100

0.42

Environmental

62 / 100

0.56

Environmental

57 / 100

0.78

Social

71 / 100

1.00

Social

52 / 100

0.50

Social

62 / 100

1.00

Social

57 / 100

0.93

Economic

50 / 100

1.00

Economic

40 / 100

0.50

Economic

66 / 100

0.70

Economic

60 / 100

0.65

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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TAILINGS PROCESSING
EVALUATION DIAMONDS
T-266 - Pond Settling

T-067 - Cross Flow Filtration

T-185 - NST Production
Score

Evaluation
Aspects

Score

Data
Quality

Technical

52 / 100

0.46

Technical

53 / 100

0.59

0.44

Environmental

45 / 100

0.36

Environmental

37 / 100

0.53

55 / 100

0.21

Social

52 / 100

1.00

Social

66 / 100

1.00

62 / 100

0.45

Economic

63 / 100

0.90

Economic

52 / 100

0.55

Score

Evaluation
Aspects

Technical

47 / 100

0.47

1.00

Environmental

51 / 100

28 / 100

1.00

Social

76 / 100

1.00

Economic

Score

Evaluation
Aspects

Technical

70 / 100

1.00

Environmental

51 / 100

Social
Economic

T-044 - Thickening In-Line

Data
Quality

Data
Quality

Data
Quality

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality

TAILINGS PROCESSING
EVALUATION DIAMONDS
T-197 (A) - High Density CT
Evaluation
Aspects
Technical
Environmental
Social
Economic

Score
47 / 100
50 / 100
57 / 100
50 / 100

Data
Quality
0.91
0.94
1.00
0.90

T-059 - Composite Tailings
Evaluation
Aspects
Technical
Environmental
Social
Economic

Score
41 / 100
41 / 100
57 / 100
60 / 100

Weighted Average

Weighted Average

Data Quality

Data Quality

Data
Quality
0.86
0.81
1.00
1.00
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DEPOSITION AND CAPPING
EVALUATION DIAMONDS
T-090 - Vertical Drains

Environmental

78 / 100

0.67

90 / 100

1.00

Social

77 / 100

0.86

86 / 100

0.78

Economic

90 / 100

0.78

75 / 100

0.57

Social

74 / 100

1.00

Economic

81 / 100

1.00

Social

81 / 100

1.00

Economic

Economic

0.50

55 / 100

81 / 100

Social

0.82

Environmental

Environmental

89 / 100

59 / 100

0.50

1.00

Environmental

Technical

0.59

0.68

0.78

Data
Quality

76 / 100

78 / 100

81 / 100

Score

Technical

Technical

Technical

Evaluation
Aspects

T-188 - Under-Drain Tailings

Data
Quality

Data
Quality

Data
Quality

T-509 - Water Recycle
Score

Score

Score

Evaluation
Aspects

T-252 - Re-Handle Tailings

Evaluation
Aspects

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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DEPOSITION AND CAPPING
EVALUATION DIAMONDS
T-405 - Engineered Liner

Environmental

76/100

1.00

61 / 100

1.00

Social

66/100

1.00

85 / 100

1.00

Economic

77/100

1.00

86 / 100

1.00

Social

90 / 100

0.78

Economic

86 / 100

1.00

Social

93 / 100

1.00

Economic

Economic

1.00

72 / 100

90 / 100

Social

1.00

Environmental

Environmental

90 / 100

69/100

0.86

0.94

Environmental

Technical

0.94

0.79

0.74

Data
Quality

76 / 100

37 / 100

36 / 100

Score

Technical

Technical

Technical

Evaluation
Aspects

T-032 - Accelerated Dewatering

Data
Quality

Data
Quality

Data
Quality

T-099 - Cyclo-Stacking
Score

Score

Score

Evaluation
Aspects

T-039 - Accelerated Evapo transpiration Using Vegetation

Evaluation
Aspects

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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DEPOSITION AND CAPPING
EVALUATION DIAMONDS
T-550 - Surface Sealants

0.28

85 / 100

1.00

Social

71 / 100

1.00

76 / 100

0.78

Economic

76 / 100

0.78

76 / 100

1.00

Social

77 / 100

1.00

Economic

66 / 100

1.00

Social

76 / 100

0.78

Economic

Economic

93/100

75 / 100

61 / 100

Social

Environmental

Environmental

Environmental

59 / 100

0.44

1.00

0.56

Environmental

0.68

0.50

0.91

0.47

42 / 100

50 / 100

71 / 100

87 / 100

Technical

Technical

Technical

Technical

Evaluation
Aspects

Data
Quality

Data
Quality

Data
Quality

Data
Quality

Evaluation
Aspects

T-508 - Tailings Conveying /
Stacking
Score

Score

Score

Score

Evaluation
Aspects

T-409 - Mini Gulp Skimming
Barge

T-510 Low - Tailings Discharge

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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DEPOSITION AND CAPPING
EVALUATION DIAMONDS
T-235 - Poldering

1.00

76 / 100

1.00

Social

76 / 100

1.00

74 / 100

1.00

Economic

51 / 100

1.00

47 / 100

1.00

Social

85 / 100

1.00

Economic

85/ 100

1.00

Social

85/ 100

1.00

Economic

Economic

72 / 100

79 / 100

78 / 100

Social

Environmental

Environmental

Environmental

68/ 100

1.00

0.78

0.83

Environmental

0.82

0.96

1.00

0.91

57 / 100

41 / 100

60 / 100

41/ 100

Technical

Technical

Technical

Technical

Evaluation
Aspects

Data
Quality

Data
Quality

Data
Quality

Data
Quality

Evaluation
Aspects

T-115 - Mechanical Capping
Score

Score

Score

Score

Evaluation
Aspects

T-243 - Freezing and Burial of Soft
Tailings

T-107 - Hydraulic Capping

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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DEPOSITION AND CAPPING
EVALUATION DIAMONDS
T-510 High - Tailings Discharge

70 / 100

1.00

57/ 100

0.79

Social

57 / 100

1.00

74 / 100

0.89

Economic

55 / 100

0.83

57 / 100

1.00

Social

55 / 100

0.67

Economic

62 / 100

1.00

Social

70 / 100

1.00

Economic

Economic

Environmental

66/ 100

59 / 100

Social

0.89

Environmental

Environmental

57 / 100

1.00

0.53

1.00

Environmental

47 / 100

1.00

0.88

0.91

Technical

42/ 100

47 / 100

65 / 100

Data
Quality

Technical

Technical

Technical

Evaluation
Aspects

Evaluation
Aspects

T-040 (B) - Thin Lift Evaporation
Score

Data
Quality

Data
Quality

Data
Quality

T-065 - Interlayer MFT and Sand
Score

Score

Score

Evaluation
Aspects

T-040 (A) - Thin Lift Evaporation

Evaluation
Aspects

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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DEPOSITION AND CAPPING
EVALUATION DIAMONDS
T-513 - Tailings Consolidation
Evaluation
Aspects
Technical
Environmental
Social
Economic

Score
48 / 100
52 / 100
46 / 100
81 / 100

Data
Quality
0.76
0.69
0.71
1.00

T-037 - Thin Layer Freeze-Thaw
Cycling Dewatering
Evaluation
Aspects
Technical
Environmental
Social
Economic

Score
44 / 100
70 / 100
71 / 100
40 / 100

T-270 (B) - Conventional
Hydraulic Fill

Data
Quality
1.00
0.94
1.00
0.61

Evaluation
Aspects
Technical
Environmental
Social
Economic

Score
62 / 100
46 / 100
47 / 100
70 / 100

Data
Quality
1.00
1.00
1.00
1.00

T-270 (A) - Conventional
Hydraulic Fill
Evaluation
Aspects
Technical
Environmental
Social
Economic

Score
55 / 100
51 / 100
47 / 100
56 / 100

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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Data
Quality
1.00
1.00
1.00
1.00

DEPOSITION AND CAPPING
EVALUATION DIAMONDS
T-242 (B) - Soil Cement Mixing
with Additives
Evaluation
Aspects
Technical
Environmental
Social
Economic

Score
56 / 100
61 / 100
71 / 100
37 / 100

Data
Quality
1.00
1.00
1.00
1.00

T-438 - Subaqueous Capping
Evaluation
Aspects
Technical
Environmental
Social
Economic

Data
Quality
41/ 100
1.00
61/ 100
0.94
43/ 100
1.00
59/ 100
1.00
Score

Weighted Average

Weighted Average

Data Quality

Data Quality
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RECLAMATION
EVALUATION DIAMONDS
T-158 - Terrestrial Reclamation

T-139 - Wetland Reclamation

T-138 - End Pit Lake Reclamation

T-063 - Mixing MFT / CT
Reclamation Material

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Technical

83 / 100

0.69

Technical

52 / 100

0.83

Technical

35 / 100

0.90

Technical

60 / 100

0.34

Environmental

85 / 100

1.00

Environmental

78 / 100

1.00

Environmental

46 / 100

0.92

Environmental

35 / 100

0.42

Social

90 / 100

1.00

Social

90 / 100

1.00

Social

52 / 100

1.00

Social

33 / 100

0.29

Economic

86 / 100

1.00

Economic

70 / 100

1.00

Economic

43 / 100

1.00

Economic

43 / 100

0.50

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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TECHNOLOGY
NUMBER

TECHNOLOGY NAME

Comments

API Separator

Used for free oil removal

T‐442

Walnut Shell Filters

Optimized flocculation cell

T‐443

Continuous Precipitation Separators

T‐446

Dissolved Air Flotation (DAF)

T‐447

Induced Air Flotation

T‐460

Activated Sludge

Live culture

T 144
T‐144

A ti
Aeration

In front of or in a p
pond (bubbling
(
g air
through)

T‐462a

Nitrification

T‐462b

Denitrification

T‐457

Anaerobic Digestion

T‐532

Attached Growth/Fixed‐film Water

T‐149

Metal Removal by Micro Algae

T‐534

Coagulation and Flocculation

Y

T‐535

Sedimentation

Y

T‐536

Granular Filtration

T‐537

Adsorption

T‐474

Polymeric Micro and Ultrafiltration

T‐475

Ceramic Micro and Ultrafiltration

T‐495

Nanofiltration

T‐491

Reverse Osmosis (RO)

Primary target component is TDS

T‐494

Continuous Deionization (Electrodialysis)

Chemical or electrochemistry. Primary
target component is TDS

T‐454

Oxidation/Reduction (Conventional)

T‐455

Advanced Oxidation

T‐506

AOP/UV Plus TiO2

T‐232

HiPOx Advanced Oxidation Water Treatment Process

T‐408

Xogen

T‐420

Degremont Ozone AOP

T‐480

Selective Ion Exchange

T‐492

Ion Exchange

T‐541

Precipitation

Y

T‐543

Freeze Separation

Y

T‐544

Magnetohydrodynamics

Y

Not Considered for Evaluation

T‐261

Magnetic Water Treatment (MWT)

Y

Not Considered for Evaluation

T‐428

Zeta Potential Alteration (EDGE Process)

Y (Check T‐075)

Not Considered for Evaluation

T‐487

Ultravilot (UV) Irradiation

T‐546

Distillation (Evaporation)

T‐497

Forced Circulation Crystallizer

T‐456

Air/Steam Stripping

T‐549a

Co‐disposal with Tailings

Clay ion exchange

T‐549b

Landfilling

Solid waste technology

Not Considered for Evaluation

T‐549c

Processing/Benefication (Pumping, Thickening,
Stabilization, Conditioning, Dewatering, Heat Drying,
Incineration)

Solid waste technology

Not Considered for Evaluation

T‐549d

Reclamation Material Amendment

Solid waste technology

Not Considered for Evaluation

Possible use for treating process‐affected water in the
Oil Sands industry.
Considered for evaluation
Not considered for this evaluation

Granular filtration & green sand
filtration ecaluated together

Y

Y

Not Considered for Evaluation

Ozone hydrogen peroxide

Not Considered for Evaluation

Ozone
Not Considered for Evaluation
Evaluated selective and non‐selective
ion exchange together

Considered in coagultion and
flocculation

Y (Check T‐540)

Not Considered for Evaluation

Y
(Not a stand alone technology) Rejects
stream
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T‐441

Currently used or piloted for treating process‐affected
water in the Oil Sands industry.
Considered for evaluation
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WATER TREATMENT TECHNOLOGIES EVALUATION TABLE FOR PROCESS‐AFFECTED WATERS
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MASTER TABLE
Category: Technology Suites

#

Category

Indicators

Descriptors

Weighting

Ranking Guidelines

Technical Criteria

1

Mining

Selectivity

Potential to improve the technology with respect to ore/waste - fines separation

2

Extraction and
Bitumen extraction
Bitumen Recovery

3

Tailings process product quality
Tailings Processing
(strength)

4

Tailings process product quality
Tailings Processing
(fines capture)

Can the process produce tailings that will achieve fines criteria upon deposition?

Tailings Processing Tailings transport

Pumps/pipelines/conveyors/trucks and controls to accommodate operational
complexity

5

6

7

8

9

10

11

12

Deposition

Deposition

Deposition

Deposition

Deposition

Potential to improve the technology with respect to bitumen recovery

Can the process produce tailings that will achieve strength criteria upon deposition?

Availability of containment
material

Availability of containment structure materials

Tailings footprint

Required surface area for deposition (i.e. maximize in-pit storage and minimize out-ofpit area for example stacking higher rather than wider)

Fluid fine tailings formation

Ability to capture fines (e.g. within cell) and reduce fluid fine tailings accumulation and
degree of segregation during deposition and storage

Rehandling

Stability of deposit

Does the tailings require rehandling

Self-supporting, not subject to liquefaction or bearing type failures

Deposition

Stability of containment structures Impact on geotechnical stability of tailings containment structures (i.e. cell walls etc.)

Deposition

Complexity of placement/discharge of deposition materials (e.g. seasonal deposition,
pipeline moves and spigot operation)

Operation complexity

Water treatment quantity: shortterm

Quantity of process-affected water required for treatment during operations (recycling
of water)

13

Water Treatment

14

Water treatment quantity: longWater Treatment
term

Quantity of process-affected water required for treatment and time required for
treatment long-term

Water Treatment Water treatment: short-term

# of target contaminants to be treated during operations (e.g. contaminants include
suspended solids, hydrocarbons, TOC's TDS, heavy metals etc.)

Water Treatment Water treatment: long-term

# of target contaminants to be treated in the long-term (e.g. contaminants include
suspended solids, hydrocarbons, TOC's TDS, heavy metals etc.)

15

16

17

Reclamation

Settlement

Effect of settlement on reclamation landscape throughout closure/post-closure

1

1

0 = Considerable improvement possible
33 = Better technology currently available
66 = Best technology currently available, improvements being considered
100 = Best technology currently available and no significant improvements to consider

2

0 = Considerable improvement possible
33 = Better technology currently available
66 = Best technology currently available, improvements being considered
100 = Best technology currently available and no significant improvements to consider

3

0 = Will not meet regulations by carrying out this technology suite
33 = Difficulty in meeting regulations
66 = Can met regulations with some additional effort
100 = Meets regulations with little or no additional effort beyond current technology suite

3

0 = Will not meet regulations by carrying out this technology suite
33 = Difficulty in meeting regulations
66 = Can met regulations with some additional effort
100 = Meets regulations with little or no additional effort beyond current technology suite

1

0 = Extremely complex
33 = Moderately complex
66 = Minimal complexity
100 = Not complex

3

0 = Very limited material available locally
33 = Marginal amount of material available (may need to be supplemented)
66 = Sufficient material available locally
100 = Abundance of material available locally

3

0 = Very large footprint required (e.g. slurry discharge out-of-pit)
33 = Large footprint required
66 = Small reduction in footprint required
100 = Large reduction in tailings footprint

3

0 = Very difficult to manage fines captured
33 = Difficult to manage fines captured
66 = Minimum release of fines to be managed
100 = Ability to meet regulations

3

0 = More than twice
33 = Twice
66 = Once
100 = None

2

0 = Not able to stabilize in current state
33 = Unstable, major effort required to stabilize
66 = Possible short-term stability issues
100 = No significant stability concerns

2

0 = Short and long-term stability issues that require extensive monitoring and rehabilitation
efforts
33 = Long-term stability issues that require long-term monitoring and ongoing maintenance
66 = Potential stability issues that require some monitoring and minor preventative
maintenance
100 = Meets deposition and containment requirements with minimal monitoring and
preventative maintenance

2

0 = Extremely complex
33 = Moderately complex
66 = Minimal complexity
100 = Not complex

1

0 = More than 75% of the total volume of process water requires treatment for
reuse/recycle/discharge
33 = 25%-75% of the total volume of process water requires treatment for
reuse/recycle/discharge
66 = Less than 25% of the total volume of process water requires treatment for
reuse/recycle/discharge
100 = Not required

1

0 = Large amount of water treatment required for > 50 years
33 = Small amount of water treatment required for > 50 years
66 = Large amount of water treatment required for < 50 years
100 = Small amount of water treatment required for < 50 years

1

0 = Treatment of 3 or more target contaminants required
33 = Treatment of 2 target contaminants required
66 = Treatment of 1 target contaminant required
100 = No treatment of target contaminants required

1

0 = Treatment of 3 or more target contaminants required
33 = Treatment of 2 target contaminants required
66 = Treatment of 1 target contaminant required
100 = No treatment of target contaminants required

2

0 = Major rehabilitation effort long-term
33 = Moderate rehabilitation effort long-term
66 = Minimal rehabilitation effort required long-term
100 = No significant rehabilitation required
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MASTER TABLE
Category: Technology Suites

#

Indicators

Descriptors

Reclamation

Reclamation materials

Abundance of capping and soil cover materials available locally for rehabilitation
efforts (e.g. densified tailings (DT) sands, overburden, LFH and peat)

19

Reclamation

Inspections, monitoring and
sampling

Effort required for visual inspection of reclamation landscape (i.e. inspection for
surface deformations, vegetation die-back, new pooled/seepage areas) as well as
effort required to conduct sampling/testing of landscape (e.g. groundwater sampling
and surface water sampling)

20

Applicable to all
categories

System flexibility

Potential for system expansion or optimization over time and accommodation of
changes in operation, the closure plan and regulations

18

Category

21

Applicable to all
categories

22

Applicable to all
categories

System reliability

Weather

Weighting

Effort required to operate and maintain overall system which includes equipment
monitoring and instrumentation performance controls (e.g. drains, dust, seepage etc.)

Impact of seasonal changes and extreme weather conditions on the overall system

Ranking Guidelines

3

0 = Very limited material available locally
33 = Marginal amount of material available (may need to be supplemented)
66 = Sufficient material available locally
100 = Abundance of material available locally

1

0 = Complicated protocols, requires weekly inspections of multiple parameters
33 = Complicated protocols, requires monthly inspections of multiple parameters
66 = Simple testing protocols, requires monthly inspections of few parameters
100 = Simple testing protocols, requires annual inspections only

2

0 = No potential flexibility (no potential)
33 = Minimal potential flexibility (minimal)
66 = Potential to be flexible (moderate)
100 = High potential to be flexible (high potential)

1

0 = Requires constant operator input and weekly maintenance outside of preventative
maintenance
33 = Requires a lot of operator input and monthly maintenance outside of Preventative
Maintenance
66 = Requires some operator input and preventative maintenance
100 = Requires little operator input and only preventative maintenance

1

0 = Major negative impacts
33 = Some negative impacts
66 = No impacts (neutral)
100 = Some positive impacts

3

0 = Major consequence
33 = Moderate consequence
66 = Minimal consequence
100 = No significant consequence

2

0 = High potential for dust generation
33 = Moderate potential for dust generation
66 = Low potential for dust generation
100 = No significant potential for dust generation

2

0 = Large increase
33 = Small increase
66 = Status quo (conventional tailings)
100 = Improved

2

0 = Untreated, process-affected water can escape to the environment
33 = Controls in place to prevent escape of untreated process-affected water
66 = Controls in place and minimum process-affected water available for release
100 = No significant potential of process-affected water to be released

2

0 = High potential for release
33 = Moderate potential for release
66 = Low potential for release
100 = No significant potential for release

1

0 = Large increase
33 = Small increase
66 = Status quo
100 = Improved

1

0 = Very high with respect to local industrial standards
33 = High with respect to local industrial standards
66 = Low with respect to local industrial standards
100 = Very low with respect to local industrial standards

3

0 = No significant potential
33 = Status quo
66 = Moderate potential
100 = High potential over significant area

1

0 = Large negative impacts on biodiversity and wildlife habitat over large area
33 = Moderate negative impacts on biodiversity and wildlife habitat over large area
66 = Moderate negative impact on biodiversity and wildlife habitat over small area
100 = Few impacts on biodiversity and wildlife habitat over small area

2

0 = Large impacts on biodiversity and wildlife habitat over large area
33 = Moderate impacts on biodiversity and wildlife habitat over large area
66 = Moderate impact on biodiversity and wildlife habitat over small area
100 = Few impacts on biodiversity and wildlife habitat

1

0 = Major health and safety training required for many individuals
33 = Major health and safety training required by few individuals
66 = Some non-standardized procedures used, industry approved procedures
100 = No health and safety concerns beyond standard practices and guidelines

Environmental Criteria

1

Applicable to all
categories

Geotechnical and seismic
hazards/risk

The environmental liability if a large scale catastrophic failure were to occur during
operations, closure and post-closure (e.g. escape of deposition materials)

2

Applicable to all
categories

Dust generation

Effectiveness in minimizing dust generation during construction, operation and closure
(e.g. wind blown tailings, dust, and erosion gullies)

3

Applicable to all
categories

Fresh water usage

The suites ability to minimize need for fresh water (process requires less fresh water
and/or maximizes use of recycle water)

4

Applicable to all
categories

Management of on-site water

5

Applicable to all
categories

Release of COC (Contaminant Of
Concern)

Potential for uncontrolled spills of contaminants during construction, operation or
deposition (i.e. potential for spill of additives, not MFT, during transport of
contaminants)

6

Applicable to all
categories

Air emissions

Production of dust or gases including, but not limited to, VOC's and H2S, during
construction, operation and closure

7

Applicable to all
categories

8

Applicable to all
categories

Progressive closure

9

Applicable to all
categories

Impact of this technology suite on species diversity, and wildlife habitats during
Environmental impact: short-term
operations

10

Applicable to all
categories

Environmental impact:
long-term

Impact of this technology suite in the long-term on species diversity, wildlife habitats
and end land use

Health and Safety

How does the technology suite effect the health and safety of individuals and safety of
equipment operation or movement

Greenhouse gas emissions

Potential for release of process-affected water

Production of greenhouse gases during construction, operation and deposition

Potential for progressive closure of tailings management area

Social Criteria

1

Applicable to all
categories

2
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Category: Technology Suites

#

Category

Indicators

2

Applicable to all
categories

3

Applicable to all
categories

Corporate reputation

4

Applicable to all
categories

Aesthetics and cultural attributes
of the site

5

Applicable to all
categories

Operators' skill

Quality of life

Descriptors

Weighting

Is infrastructure in place to provide adequate training for all technological components
for most personnel (within Fort McMurray)

Risk to reputation and corporate image based on public perception

Potential public acceptability of visual impacts, and re-establishing of cultural attributes

Negative impact of dust, noise, traffic, odor and road closure impacts on general public

Ranking Guidelines

1

0 = Imported operators with specialized training required for most technologies
encompassing the suite
33 = Locally available personnel but specialized outside training required
66 = Locally available personnel with a few requiring outside specialized training
100 = Locally available personnel with locally available training

3

0 = Not accepted locally or internationally
33 = Local support, some international opposition
66 = No major active opposition
100 = Positive public reactions

1

0 = Unacceptable to public locally and regionally
33 = Unacceptable to public regionally
66 = Generally acceptable, with minor concerns
100 = Acceptable

1

0 = Major impacts
33 = Moderate impacts
66 = Minimal impacts
100 = No significant impacts

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

3

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

2

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

2

0 = Difficulties expected in obtaining permits
33 = Difficulties expected in obtaining a small number of permits
66 = Permit approval expected to be conditional for a small number of permits
100 = Approval process expected to be straightforward

1

0 = Extremely expensive
33 = Expensive
66 = Manageable expense
100 = Very manageable expense

Economic Criteria

1

Applicable to all
categories

2

Applicable to all
categories

3

Applicable to all
categories

4

Applicable to all
categories

5

Applicable to all
categories

Capital cost

Capital cost associated with, but not limited to, the construction equipment and
material requirements

Operating and energy cost

Operating costs associated with, but not limited to, the utility energy costs, trucks, fuel
and manpower

Closure and post-closure cost

Closure and post-closure cost associated with, but not limited to reclamation and longterm environmental liabilities

Standards, laws and regulations

Suite improvements

Effort required to meet regulators conditions

Cost and time required to improve this technology suite

3

TAILINGS ROADMAP PROJECT
COMPONENT 3 EVALUATION SESSION 8: COMMERCIAL TECHNOLOGY SUITES
Notes:
1) The numbering of the technologies below directly corresponds to the numbering of the suites in
the Component 1 Summary Report – Appendix D.
2) No technology data sheets have been provided for the yellow-highlighted technologies below.

1. Composite Tailings (with Syncrude EIP as a basis with a nod to Suncor and CNRL)
a. T-004 Clark Hot Water Extraction
b. T-098 Cycloning
c. T-507 MFT Pumping
d. T-059 Composite/Consolidated Tailings (CT)
e. T-508 Tailings Discharge
f. T-512 Non Segregating Beaching
g. T-513 Tailings Consolidation
h. T-509 Water Recycle
i. T-107 Hydraulic Capping of Soft Tailings
j. T-168 Blowing Sand Control
k. T-139 Wetland Reclamation
l. T-158 Terrestrial Reclamation
2. Coke Capping (with Suncor Pond 5 as a basis with a mod to Syncrude)
a. T-513 Tailings Consolidation
b. T-115 Mechanical Capping
c. T-090 Vertical Drains
d. T-139 Wetland Reclamation
e. T-158 Terrestrial Reclamation
3. In-Line Thickening with Thin Lift Evaporative Drying (with Suncor TRO as a basis)
a. T-507 MFT Pumping
b. T-044 In-Line Thickening
c. T-508 Tailings Discharge
d. T-040 Thin Lift Evaporative Drying
e. T-235 Pouldering
f. T-513 Tailings Consolidation
g. T-115 Mechanical Capping
h. T-158 Terrestrial Reclamation

1

TAILINGS ROADMAP PROJECT
COMPONENT 3 EVALUATION SESSION 8: COMMERCIAL TECHNOLOGY SUITES
4. Thickening using Shell Albian Sands as an example
i. T-098 Cycloning
j. T-207 Thickening
k. T-508 Tailings Discharge
l. T-513 Tailings Consolidation
m. T-115 Mechanical Capping
n. T-158 Terrestrial Reclamation
o. T-507 MFT Pumping
5. In-Line Thickening with Accelerated Dewatering (with Syncrude rim ditching as a basis)
a. T-507 MFT Pumping
b. T-044 In-line Thickening
c. T-508 Tailings Deposition
d. T-513 Consolidation
e. T-032 Accelerated Dewatering
f. T-115 Mechanical Capping
g. T-158 Terrestrial Reclamation
6. Conventional Tailings (with Syncrude ASB as a basis, with a nod to Albian and Suncor)
a. T-001 Selective Mining
b. T-239 Crushing
c. T-254 Oil Sands Ore Hydrotransport
d. T-511 Fresh Water Import
e. T-008 Low Energy Extraction
f. T-508 Tailings Discharge
g. T-266 Pond Settling
h. T-507 MFT Pumping
i. T-509 Water Recycle
j. T-139 Wetland Reclamation
k. T-158 Terrestrial Reclamation
7. Centrifuging MFT with conveyor/stacking (with Syncrude centrifuge tailings at North Mine
South Pit as a basis)
a. T-507 MFT Pumping
b. T-069 Centrifuge
c. T-510 Conveying/Stacking
d. T-513 Tailings Consolidation
e. T-509 Water Recycle
f. T-037 Freeze-Thaw/Medium Lift
g. T-115 Mechanical Capping of Soft Tailings
h. T-158 Terrestrial Reclamation
8. In-Line Thickening with Accelerated Dewatering (with Syncrude rim ditching as a basis)
a. T-507 MFT Pumping
2

TAILINGS ROADMAP PROJECT
COMPONENT 3 EVALUATION SESSION 8: COMMERCIAL TECHNOLOGY SUITES
b.
c.
d.
e.
f.
g.

T-044 In-line Thickening
T-508 Tailings Deposition
T-513 Consolidation
T-032 Accelerated Dewatering
T-115 Mechanical Capping
T-158 Terrestrial Reclamation

9. Water Capped End Pit Lake (Syncrude BML, but also others planned end pit lakes with fluid
tailings)
a. T-508 Tailings Discharging
b. T-266 Pond Settling
c. T-509 Water Recycle
d. T-511 Fresh Water Import
e. T-138 End Pit Lake Reclamation
f. Water Treatment for Discharge
10. In-Line Thickening with Thin Lift Evaporative Drying (with Suncor TRO as a basis)
a. T-507 MFT Pumping
b. T-044 In-Line Thickening
c. T-508 Tailings Discharge
d. T-040 Thin Life Evaporative Drying
e. T-235 Pouldering
f. T-513 Tailings Consolidation
g. T-115 Mechanical Capping
h. T-158 Terrestrial Reclamation
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LIST OF TECHNOLOGY SUITES
Technologies denoted with an "A" or "B" are overlap technologies and have been evaluated twice.

Technology Suites
#

Tech. #

Technology Name

Level of Maturity

1

#6‐A

In‐line thickening with thin lift evaporation
drying

N/A

2

#8

Water capped end pit lake

N/A

3

#6 ‐ B

4

#5

5

#7

Thickening using Shell Albian Sands

N/A

6

#4

Conventional tailings

N/A

7

#3

Composite tailings

N/A

NOT
EVALUATED

#1

Centrifuging MFT with conveyor/stacking

N/A

#2

Coke capping

N/A

In‐line thickening with thin lift evaporation
drying
In‐line thickening with accelerated
dewatering

N/A
N/A

1
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TECHNOLOGY SUITES
EVALUATION DIAMONDS
#6 - A In-Line with Thin Lift
Evaporative Drying
Data
Evaluation
Score
Quality
Aspects

Evaluation
Aspects

Score

Data
Quality

Technical

65 / 100

0.95

Technical

72 / 100

Environmental

72 / 100

0.92

Environmental

Social

95 / 100

0.71

Economic

51 / 100

0.89

#6 - B In-Line with Thin Lift
Evaporative Drying
Data
Evaluation
Score
Quality
Aspects

#5 In-Line Thickening with
Accelerated Dewatering
Data
Evaluation
Score
Quality
Aspects

0.57

Technical

60 / 100

0.83

Technical

66 / 100

0.99

83 / 100

0.74

Environmental

68 / 100

1.00

Environmental

61 / 100

0.87

Social

48 / 100

1.00

Social

95 / 100

1.00

Social

81 / 100

0.79

Economic

79 / 100

0.89

Economic

51 / 100

1.00

Economic

66 / 100

0.89

#8 Water Capped End Pit Lake

Weighted Average

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

Data Quality
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TECHNOLOGY SUITES
EVALUATION DIAMONDS
#7 Thickening Using Albian Sands as
an Example

#4 Conventional Tailings

#3 Composite Tailings

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Evaluation
Aspects

Score

Data
Quality

Technical

54 / 100

0.95

Technical

67 / 100

0.93

Technical

42 / 100

0.99

Environmental

63 / 100

0.89

Environmental

47 / 100

1.00

Environmental

61 / 100

0.95

Social

81 / 100

0.79

Social

62 / 100

1.00

Social

66 / 100

1.00

Economic

59 / 100

0.89

Economic

66 / 100

1.00

Economic

48 / 100

0.89

Weighted Average

Weighted Average

Weighted Average

Data Quality

Data Quality

Data Quality

