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Executive Summary 

During 2021, Imperial Oil Resources Limited (Imperial) continued to execute Kearlôs Tailings Management 
Plan (TMP), in alignment with Imperialôs long-term tailings management objectives: 

¶ minimize long-term environmental effects; 

¶ minimize the accumulation of fluid tailings (FT) to ensure timely progress to closure; 

¶ maximize water recovery from tailings to minimize fresh water import; and 

¶ minimize the land footprint required for tailings management and storage. 

To achieve these objectives, the strategies employed by Kearl continue to be: 

¶ design with the end in mind, to create a sustainable closure landscape; 

¶ treat tailings, including flotation tailings (FLT) and fluid fine tailings (FFT), prior to accumulating 
large volumes of fluid tailings; 

¶ deposit fluid tailings in their final landscape position to facilitate progressive reclamation; and 

¶ construct a single external tailings area. 

In July 2018, Imperial received Oil Sands Conservation Act (OSCA) Commercial Scheme Approval No. 
10829H in response to the OSCA amendment application (number 1872083) submitted as required by 
Directive 085. This approval provided Imperial with an approved fluid tailings (FT) profile for Kearl and 
ready-to-reclaim (RTR) criteria for the East External Tailings Area (EETA). 

Imperial submitted an integrated application (Application) to the Alberta Energy Regulator (AER) on March 
31, 2022 consisting of a Mine Plan Amendement (MPA) and Tailings Management Plan (TMP) for approval 
under the OSCA, Environmental Protection and Enhancement Act (EPEA), and Water Act to allow for the 
continued development and operation of the Kearl Oil Sands Mine (Kearl). This application includes an 
updated proposed FT profile.  

Imperialôs 2021 results included managing its FT inventory below Kearlôs approved FT profile with a total 
2021 year end FT inventory of 69.6 million cubic metres (Mm3) versus a profile limit of 147 Mm3. Kearlôs 
fine tailings treatment performance, lower overall mining and production rates than predicted within the D85 
FT profile, and continuous improvement on tailings treatment volumes are all contributing factors to Imperial 
being below its approved profile.  

Overall, the thickened tailings (TT) deposit is currently performing as expected with some variations 
observed across the deposit. The deposit was delineated into three zones identified as the subaerial 
deposit, a transition zone and the subaqueous, each with typical and ranges of characteristic properties. 
Through ongoing sampling and analysis it was observed that most of the the subaerial area of the deposit 
and parts of both the transition and subaqueous zones achieved the subobjective 1 RTR criteria of 65% 
solids content.  

To date, approximately 20.6 Mm3, which is about 80% of the total deposited TT volume, has achieved RTR 
criteria. 
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1.0 Introduction 

Imperial Oil Resources Limited (Imperial) operates the Kearl Oil Sands Mine (Kearl) located approximately 
70 km north of Fort McMurray and approximately 42 km northeast of Fort MacKay. Imperial has prepared 
this Fluid Tailings Annual Management Report for 2021 in accordance with the requirements of  
the Alberta Energy Regulatorôs (AER) Directive 085: Fluid Tailings Management for Oil Sands Mining 
Projects (Directive 085) (AER, 2017) that requires operators to submit annual management reports in 
electronic format to the AER by April 30 for the previous yearôs performance (January to December). 

This report summarizes Imperialôs 2021 fines treatment and treated tailings performance and fulfils the 
reporting requirement as stated in Imperialôs (OSCA) approval. 

The fines treatment process proposed in the 2016 TMP has been fully implemented. A brief summary of 
Imperialôs 2021 operations are described in the following paragraphs. 

In 2021, FLT and Tailings Solvent Recovery Unit (TSRU) tailings from both Kearl Plants (K1 and K2) 
continued discharging into the West External Tailings Area (WETA). Coarse Sand Tailings (CST) from 
either plant is discharged in both the WETA and the East External Tailings Area (EETA). 

Imperialôs primary fines treatment technology is thickening. Thickened tailings (TT) are produced by 
flocculating FLT and FT in the thickeners and re-flocculating the stream using second chemical injection 
(secondary chemical treatment) before it is discharged to the TT deposition area. Imperial requested 
authorization from the AER on July 19, 2021 and received approval to use alternative flocculant, Kemira 
EXPN E-4993SK on July 21, 2021.The thickener overflow water clarity and underflow density were 
monitored to control TT quality. Thickener operation and the TT deposit generally met expectations. 
Continuous improvement activities will be undertaken in 2022 to improve equipment reliability and fines 
treatment performance as described in Table 6-1.  

Comprehensive survey and sampling campaigns were completed in Q3/Q4 of 2021 in the ETA, including 
WETA and EETA FT and the TT material in the TT deposition area. 

Table 1-1 summarizes the concordance of OSCA sections to the corresponding sections of this report, and 
Table 1-2 summarizes the concordance of Directive 085 to the corresponding sections of this report. 

 

Table 1-1:  Concordance Table: OSCA Approval Number 10829L 
Regulatory Requirements  Section Within Annual Tailings Management Report  

29. The Operator shall monitor: 

(a) on a quarterly basis, or such other basis as the AER may 
stipulate in writing, the solids content and sands to fine ratio of 
the thickened tailings after secondary chemical treatment; 

(b) on an annual basis, or such other basis as the AER may 
stipulate in writing, the sands to fine ratio, effective stress, 
deposit consolidation, pore water pressure, and particle size 
distribution in each treated tailings deposit; and 

(c) any other parameter on the basis as specified in writing by 
the AER 

 

Section 4.4 ï Quarterly Monitoring 
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Regulatory Requirements  Section Within Annual Tailings Management Report  

30. The Operator shall, in addition to any reporting 
requirements under Directive 085, provide in the annual fluid 
tailings management report: 

(a) for each treated tailings deposit, monitoring data including 
representative cross-sections to illustrate the variation of the 
following: 

i) sands to fine ratio; 

ii) effective stress; 

iii) deposit consolidation; 

iv) pore water pressure; 

v) particle size distribution plot; 

vi) any other parameter considered relevant by the Operator; 
and 

vii) any other parameter specified by the AER. 

(b) a summary of quarterly monitoring results for the solids 
content and sands to fine ratio of thickened tailings after 
secondary chemical treatment; 

(c) the available storage capacity of each tailings deposit or 
tailings pond that contains water or tailings at the end of the 
reporting period; 

(d) annual storage capacity and volume requirements for the 
five years following the end of the reporting period; and 

(e) description of any implications to the tailings management 
plan resulting from resource sterilization due to avoidance of 
the Pleistocene Channel Aquifer, including but not limited to 
impacts to storage capacity changes 

 

 

 

Section 4.3 ï Treated Tailings Characteristics 

Figure 4-5: A Cross Section and Three Dimensional View of 
SFR Variation in the East TT Panel 

Figure 4-6: Effective Stress Versus Depth 

Figure 4-7: Deposit Consolidation BAW and BBW 

Figure 4-8: Pore Pressure 

Figure 4-9: Particle Size Distribution BAW and BBW 

Figure 4-10: A Cross Section Illustrating Solids Content 
Variation in TT Panels 

 

Section 4.4 ï Quarterly Monitoring 

 

 

Table 4-1ï 2021 Year End Storage Capacity 

 

Table 4-2 ï 5 Year Annual Storage Capacit and Requirement 

 

Section 4.3.1 ï Storage Capacity 

 

 

Table 1-2:  Concordance Table - Directive 085 Reporting Requirements 
Regulatory Requirements  Section Within Annual Tailings Management Report 

Include a project site summary of all annual fluid tailings 
volumes, as per the accounting table in appendix 3. 

Section 3.0 ï Fluid Tailings Volume Reporting 

Show in a figure the approved new and legacy profiles with the 
actual fluid tailings volume and the three thresholds (profile 
deviation, total volume, and total volume limit). 

Figure 3-2: Fluid Tailings Profile Showing Approved Profile, 
Triggers and Limits 

Describe if and how activities have deviated from the fluid 
tailings management plan and any modifications made to 
improve performance. 

Section 3.1.2 - Fluid Tailings Profile 

Identify the management level (as described in the TMF) that 
the operationôs performance falls within. 

Section 3.1.2 - Fluid Tailings Profile 

If the operation is deemed level 2 or higher, describe the 
circumstances that led to the increased fluid accumulation and 
any actions that are being taken to improve fluid tailings 
management performance. 

Section 3.1.2 - Fluid Tailings Profile 

Provide a site-wide water balance or provide the reference to 
another AER report and location where this information can be 
obtained. 

Section 3.2 ï Water Volume, Quality and Site Wide Balance 

Provide a water volume (in tabular form) or provide the 
reference to another AER report and location where this 
information can be obtained. The table must include, for each 
treated tailings deposit and fluid tailings pond, 

a) total volume of water at the beginning of the reporting 
period, 

b) total volume of water at the end of the reporting period, 

c) characterization of the quality of water, and 

d) the volume and quality of water recovered from fluid tailings 
and runoff from RTR tailings. 

 

 

 

Table 3-5: Volume of Free Water for the 2021 Reporting Period  

 

 

Table 3-6: Water Quality Testing Key Parameters 

Table 3-7: Volume and Quality of Water Recovered from Fluid 
Tailings 



Kearl Annual Tailings Management Report - 2021 

 
 Page 8 of 74 

 

Regulatory Requirements  Section Within Annual Tailings Management Report 

Provide information about fines that were not captured, which 
form fluid tailings, including 

a) quantity of fines in the ore processed during the reporting 
period, and 

b)  quantity of fines in fluid tailings. 

Section 3.3.2 ï Fines in Ore and Fluid Tailings 

Estimate the change in fluid tailings volume inventory as a 
result of settling and consolidation and provide an explanation 
if inconsistent with the predictions. 

Section 3.1.4 ï Fluid Tailings Volume in Each Deposit and 
Composition 

Provide a status map of the current locations and sizes of all 
fluid tailings ponds and treated deposits for the project. 

Section 3.4 ï Status Map 

Provide tables indicating the volume and composition of each 
deposit containing fluid tailings (including the volume of fluid 
tailings, of treated and placed fluid tailings meeting RTR status, 

and of water). 

Section 3.1.4 ï Fluid Tailings Volume in Each Deposit and 
Composition 

Provide tonnage of ore processed and average composition 
(bitumen, water, solids) or provide the reference to another 
AER report and location where this information can be 
obtained. 

Section 3.3.1 ï Ore Tonnage and Composition 

For each fluid tailings treatment technology, 

a)  provide volume of fluid tailings treated and where they were 
placed; 

b)  provide chemical and physical properties of the treated fluid 
tailings and the water recovered from treatment; and 

 c)  if the technology is not performing as predicted, provide 
mitigation measures to rectify performance (address any 
impacts on the deposit performance). 

 

Section 3.4 ï Status Map 

Figure 3-7: 2021 ETA Status 

Table 3-9: Tailings Treatment Summary 

Table 3-11: Properties of the Treated Tailings 

Section 3.4 ï Status Map 

Monitoring Reporting Data Requirements 

For each monitoring dataset required in the annual fluid tailings 
management report, 

a)  identify any uncertainties and 

b)  explain the dataset adequacy. 

Section 4,1: Dataset Accuracy 

For each treated tailings deposit and fluid tailings ponds and 
their surrounding environment provide monitoring results, 
including the following: 

a)  a map and tabular data showing the survey locations of 
tailings deposits; 

 

 

 

b)  representative cross-sections to illustrate the variation of 
tailings characteristics; 

c) for each deposit containing treated and placed fluid tailings, 

i)  the measured data on the chosen indicators and confirm 
performance against the chosen performance criteria; 

ii)  for those fluid tailings deposits that have met RTR status, 
data to support that it is trending appropriately; and 

iii)  confirmation that indicator and performance criteria are still 
appropriate or justify the need to modify them; and 

d)  verification that the tailings deposit is meeting the 
milestones in the fluid tailings management plan. 

Section 4.2 ï Survey Locations 

 

Figure 4-1: Pond Bottom Sounding Locations 

Figure 4-2: Solid Sampling Locations 

Figure 4-3: Fluid Sampling Locations 

Figure 4-4: Sonar Sounding Path and Swath Sonar Area 

 

Section 4.3 ï Treated Tailings Characteristics 

Figure 4-5: Cross Section and Three Dimensional View of SFR 
Variation in the East TT Panel 

Figure 4-6: Effective Stress Versus Depth 

Figure 4-7: Deposit Consolidation BAW and BBW 

Figure 4-8: Pore Pressure 

Figure 4-9: Particle Size Distribution BAW and BBW 

Figure 4-10: A Cross Section Illustrating Solids Content 
Variation in TT Panels 

Section 4.3.1 ï Storage Capacity 
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Regulatory Requirements  Section Within Annual Tailings Management Report 

Inadequate Deposit Performance: 

If the deposit is under-performing so as to impact the fluid 
tailings volume accumulation, then 

a) describe the contributing causes to under-performance; 
b) describe mitigation and contingency plans from the fluid 

tailings management plan that have been implemented to 
manage performance; 

c) identify any risks that could result from additional fluid fine 
tailings placement in a deposit; 

d) confirm that the indicators, measures, and performance 
criteria are still acceptable in light of new factors introduced 
by the mitigation and contingency plans; and 

e) describe the impacts that tailings performance is having on 
the mine plan, water management plan, mine reclamation 
plan, and life-of-mine closure plan. 

f) For tailings previously identified as RTR that are no longer 
following the trajectory or meeting performance criteria, 
confirm that the volume has been added to the fluid tailings 
volume inventory and describe the actions taken to address 
under-performance. 

 

 

Section 5.0 ï Deposit Performance 

Technology: Continuous Improvement and Development 

To assess continuous improvement and innovation, to confirm 
that fluid tailings treatment technologies are operating as 
expected, and confirm that operational issues are being 
managed, the fluid tailings management report must include the 
following: 

a) Description of the treatment technologiesô operation over 
the reporting period, including issues that were 
encountered and a summary of continuous improvement 
activities 

b) Confirmation that technology development was 
implemented as proposed in the approved fluid tailings 
management plan by summarizing relevant activities in the 
reporting year. Confirm that technology development will 
continue to be implemented as stated in the approved fluid 
tailings management plan 

c) A technical report, within the constraints of proprietary 
information, on the progress of any pilots, prototypes, or 
demonstrations of fluid tailings technologies 

d) An assessment, within the constraints of proprietary 
information, of performance, successes, challenges, and 
implications for net environmental effects for all treatment 
technologies. The assessment may incorporate 
information references to other required reports, such as 
the tailings research report and groundwater monitoring 
report submitted under EPEA 

 

 

 

 

Section 6.1 - Summary Of Continuous Improvement Activities 

 

 

Section 1.0 - Introduction 

 

 

 

 

Section 6.2 ï Pilots or Prototypes 

 

Section 4.3 ï Treated Tailings Characteristics 

Section 7.0 -Environmental Monitoring Results 

 

There have not been any observed implications on net 
environmental effects. 

Environmental Monitoring Results 

To ascertain that environmental benefits and risk trade-offs 
anticipated by operators for their tailings technology justification 
continue to be accurate, and to assess operator performance in 
managing and minimizing environmental effects and 
implications associated with fluid tailings management activities, 
the annual management report must provide a summary of the 
results from environmental performance monitoring reports 
related to fluid tailings management activities. 

Section 7.0 -Environmental Monitoring Results 
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2.0  Indigenous and Stakeholder Engagement 

For more than a decade and a half Imperial has worked closely and collaboratively with the Indigenous 
groups in the Athabasca region whose traditional territory overlaps with Kearl operations. Imperialôs long-
standing collaborative relationships with Athabasca Chipewyan First Nation (ACFN), Fort Chipewyan Métis 
(FCM), Fort McKay First Nation (FMkFN), Fort McKay Métis Nation (FMMN), Fort McMurray 468 First 
Nation (FMFN 468), McMurray Métis (MM 1935) and Mikisew Cree First Nation (MCFN) are core to 
Imperialôs responsible oil sands development and the operation of Kearl.  

Supported by Imperialôs Indigenous Relations Guiding Principles and Guidelines (Appendix B) and 
underpinned by comprehensive long-term agreements with each of the Indigenous groups identified above, 
Imperialôs approach is one of early and ongoing engagement. This approach enables Imperial to understand 
potential impacts on Imperialôs neighboursô Indigenous Harvesting and Treaty Rights, to develop 
appropriate mitigations, and to steward Kearlôs performance in areas of environmental interests. Imperial 
does this through open dialogue and transparent sharing of information to provide common understanding 
and develop the best outcomes for all parties involved. In addition to Imperialôs engagement on a technical 
level, Imperialôs regular engagement with the community members strengthens Imperialôs relationship and 
enables Imperial to share information about Imperialôs projects and operations and learn specifically from 
their view as traditional knowledge holders and land users. Imperial also works closely with each of the 
Indigenous groupsô business arm to strategically plan contracting opportunities as well as business 
capability development plans. Overarching direction is provided through joint leadership committees 
Imperial has with each of the local Indigenous groups to ensure that Imperialôs work is focused on priority 
areas of interest and achieving the objectives we have established together. Through this multi-faceted and 
multi-layered approach, Imperial has developed strong relationships with the local Indigenous groups based 
on a foundation and ongoing demonstration of shared commitment, mutual respect and trust. 

Due to COVID-19 restrictions, Imperial hosted a virtual tailings forum on November 18th  2021 to discuss 
Kearlôs Tailings Management, including the Annual Fluid Tailings Management Report for 2020, with seven 
Athabasca Indigenous groups, including their technical consultants. Imperial and Indigenous groups 
collaboratively developed the agenda for the forum to include tailings performance as reported in the 2020 
Directive 085 Report, seepage interception system, tailings research, TSRU tailings, and the TMP 
(overview, FT Profile, RTR) as well as a presentation from communities and technical consultants on key 
concerns and expected outcomes. The agenda and attendee list for the annual forum are provided for 
reference in Appendix C. Imperialôs long-term agreements with each of the Indigenous groups include 
confidentiality agreements which allow both Imperial and the communities to have much more in-depth 
sharing and meaningful conversations; in respect of these agreements, Imperial has elected to not provide 
copies of the materials shared by Imperial or the communities for the forum. Imperial provided capacity 
funding to allow technical consultants to review the Kearl Fluid Tailings Management Report for 2020, 
prepare a technical feedback memo, subsequently review Imperialôs responses to the technical feedback 
memo and participate in the annual forum, to ensure that the Indigenous communities could engage 
meaningfully in the forum. Technical representatives included:  

Å Jim Blum, JGBlum Consulting Ltd (tailings support, representing FMMN, FMkFN, FCM, ACFN 
and MCFN); 

Å Kelly Finigan, Lagimodiere Finigan Inc. (water and risk analysis support, representing , FMMN, 
FMkFN, FCM, ACFN and MCFN) 

Å Lisa Schaldemose, Schaldemose & Associates Inc. (project and technical support, representing     
FMMN, FMkFN, FCM, ACFN and MCFN); 

Å Megan Thompson, Management and Solutions in Environmental Science (water support, 
representing , FMMN, FMkFN, FCM, ACFN and MCFN); 

Å Monique Dube, Cumulative Effects Environmental (project and technical support, representing 
FMMN, FMkFN, FCM, ACFN and MCFN); 

Å Gillian Donald, Donald Functional & Applied Ecology Inc. (project and technical support, 
representing McMurray Métis); 
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Å Martin Grygar, Breakwater Vantage (project and technical support, representing FMFN 468); 

Å Mandy Olsgard, ITS Ltd. (toxicology technical support, representing, FMMN, FMkFN, FCM, ACFN 
and MCFN); 

Å Shanti Berryman, Integral Ecology (closure and reclamation support, representing , FMMN, 
FMkFN, FCM, ACFN and MCFN); 

Å Patrick Littlejohn, Source Environmental Associates (tailings technical support, representing 
FMMN, FMkFN, FCM, ACFN and MCFN); 

Å Jenna Dunlop, Endeavour Scientific Inc. (project support, representing FMMN, FMkFN, FCM, 
ACFN and MCFN).  

Each of these technical representatives submitted a memo prior to the forum, with questions and 
suggestions on the Kearl Fluid Tailings Management Report for 2020 and Kearl Tailings Management Plan 
in general. A summary of the key feedback topics include: 

Å Ready to reclaim criteria and subobjective 2 

Å Capping Research 

Å Consolidation, modeling and closure 

Å Closure, end pit lakes, integration  

Å Dam integrity 

Å D085 reporting 

Å Fine and FT profile 

Å Groundwater, quality and receptors 

Å Oil sand process-affected water (OSPW) quality, quantity, treatment and pilot performance 

Å Greenhouse gas emissions 

Å Mine Financial Security Program 

Imperial reviewed the technical memos, provided draft written responses in advance of the Forum and 
leveraged the technical memos to cater presentation material (collaboratively identified topics) to focus the 
forum on areas of interest and importance for the Indigenous groups. This included discussing the seepage 
interception system, TSRU tailings, tailings research studies, and Directive 085 and a solutions showcase, 
as well a presentation by communities and their technical consultants. At the conclusion of the forum, both 
Imperial and Indigenous communities agreed that the event was a positive and collaborative experience 
but additional engagement activities are warranted in certain subject areas.  Indigenous community 
representatives and their consultants expressed gratitude for the opportunity to carry out a detailed and 
technical conversation on topics not strictly within the scope of the D085 report and the receptive nature of 
Imperialôs representatives throughout those discussions.  Multiple communities indicated in follow-up 
conversations that Imperial is industry leading in the Tailings Forum space. Imperial also received positive 
feedback about the collaborative method by which forum topics were chosen, which allowed focus on topics 
and issues of priority. Imperial and the communities committed to working additional tailings topics in 2022 
by developing a tailings workplan for activities above and beyond the annual forum.  

Subsequent to the annual forum, Imperial has continued to look for opportunities to address and incorporate 
feedback. Key examples include: 

¶ Kearl Environmental Stewardship Presentation: In June 2021, Imperial delivered an environmental 
stewardship presentation to review the 2020 environmental monitoring results for Kearl. The 
presentation was delivered through a joint virtual meeting (established as part of Imperialôs long-
term agreements) with the seven Indigenous communities. Presentation materials included 
discussion of tailings management and performance, including topics related to surface water, 
groundwater and seepage monitoring, again based on feedback provided by the communities at 
the Tailings Forum and in the associated technical reviews. Imperial will continue to use this annual 
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environmental stewardship presentation to discuss environmental monitoring and performance with 
Indigenous groups.  

¶ In addition to the annual Tailings Forum and engagement with community technical 
representatives, Imperial recognizes the need to meet with community members directly to discuss 
tailings topics and research. In Q1 2021, Imperial held a Community Advisory Group (CAG) 
meeting with ACFN to discuss tailings. Topics included a general overview of tailings types at Kearl, 
In-line Flocculation Pilot Programs, the tailings reclamation greenhouse research study in 
collaboration with Canada Forestry Services and the Kearl Constructed Treatment Wetland 
Research. The intent of meeting with the CAGs in addition to the tailings forum and technical 
reviews is to engage a variety of representatives from communities so that information can be 
shared broadly and feedback can be received from as many areas of the community as possible.  
Additional opportunities for engagement with community members will be sought in 2022.  

¶ Kearl Life of Mine Closure Plan (LMCP): In 2020 and 2021, Imperial initiated a series of LMCP 
engagement workshops to work collaboratively with Indigenous groups and their technical 
representatives on the development of the LMCP and design basis, which describes the conceptual 
closure landscape, reclamation plans, timing for tailings placement and use of end pit lakes. The 
feedback received from the communities in the Tailings Forum technical memos were further used 
to inform the discussion topics at these workshops.  Imperial and Indigenous communities continue 
to identify opportunities for feedback on the LMCP prior to submission.  

¶ Kearl Tailings Management Plan: Similarly, Imperial worked collaboratively with Indigenous groups 
on the TMP. Imperial and Indigenous groups met in November 2021 to identify a process for 
community feedback for incorporation into the TMP update, due March 2022, prior to submission. 
In Q1 2022, a series of Mine Plan Amendment (MPA) and TMP technical reviews were provided to 
Imperial on behalf of the communities. Imperial held multiple working sessions to discuss the 
technical reviews with the communities and their consultants.  

¶ Indigenous involvement in research projects has been identified by communities as a focus area 
for Imperial. Imperial will continue to look for opportunities to engage communities in research 
projects as well as sharing results and data when possible. Imperial intends to identify research 
projects led by Imperial (COSIA or otherwise) where Indigenous groups can be involved directly. 
Imperial continues to look for opportunities for communities to influence research program design.  

Imperial will continue to use regular committee meetings, monitoring tours, environmental stewardship 
presentation, tailings forum, and review of regulatory plans to engage with Indigenous communities and 
develop solutions to tailings management collaboratively.   

Imperial, in consultation with the communities, is proposing to develop a tailings workplan to facilitate 
conversations about other tailings issues and topics, in addition to discussing the annual TMR and tailings 
management activities, in order to foster more fulsome dialogue in the tailings space throughout the year.  
Through regular engagement, Imperial and the Indigenous groups have agreed to schedule discussions on 
tailings issues throughout the year as agreed upon in the tailings workplan. 
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3.0 Fluid Tailings Volume Reporting  

As per the FT volume reporting requirements outlined in Section 6.2 of Directive 085, Imperial is required 
to submit FT management details including an accounting table as per Appendix 3 of Directive 085. The 
2021 annual report presents the data collected, results obtained and the analysis performed regarding 
Imperialôs FT inventory and management. 

3.1 Fluid Tailings Volume and Profile 

3.1.1 Accounting Table 

As per Decision 20180716A: Imperial Oil Resources Limited; Application for Kearl Mineôs Tailings 
Management Plan, Imperial does not have any legacy FT and as such all FT are considered to be new FT 
at Kearl. Therefore, throughout this report any references to FT inventory and FT profile means new FT 
inventory and new FT profile, respectively. Table 3-1 provides a detailed accounting table (as per Directive 
085) of annual FT volumes. As shown in Table 3-1, Imperialôs FT inventory is below the approved FT profile. 
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Table 3-1:  Accounting Table 

Year 

Previous 
Year New 

FT 
Inventory 

(Mm3) 

Previous 
Year 

Legacy FT 
Inventory 

(Mm3) 

FT 
Inventory 

(Mm3) 

Change in 
New FT 

Inventory 
(Mm3) 

Change in 
Legacy FT 
Inventory 

(Mm3) 

New FT 
Inventory 

(Mm3) 

Legacy FT 
Inventory 

(Mm3) 

Approved 
Profile 
New FT 

Inventory 
(Mm3) 

Approved 
Profile 

Legacy FT 
Inventory 

(Mm3) 

New FT 
Rolling 
Profile 

Deviation 
(%) 

Legacy FT 
Rolling 
Profile 

Deviation 
(%) 

2014 0.0 0 0.0 4.7 0 0.0 4.7 0.0 5.0 0.0 - - 

2015 1.0 4.7 0.0 13.6 8.9 0.0 13.6 0.0 20.0 0.0 -32% n/a 

2016 2.0 13.6 0.0 24.1 10.5 0.0 24.1 0.0 46.0 0.0 -40% n/a 

2017 3.0 24.1 0.0 41.0 16.9 0.0 41.0 0.0 66.0 0.0 -39% n/a 

2018 4.0 41.0 0.0 50.1 9.1 0.0 50.1 0.0 87.0 0.0 -40% n/a 

2019 5.0 50.1 0.0 62.1 12.0 0.0 62.1 0.0 113.0 0.0 -41% n/a 

2020 6.0 62.1 0.0 65.8* 3.7* 0.0 65.8* 0.0 130.0 0.0 -44%* n/a 

2021 7.0 65.8 0.0 69.6 3.8 0.0 69.6 0.0 147.0 0.0 -45% n/a 

2022 8.0  0.0   0.0  0.0 159.0 0.0   

2023 9.0  0.0   0.0  0.0 170.0 0.0   

2024 10.0  0.0   0.0  0.0 177.0 0.0   

2025 11.0  0.0   0.0  0.0 180.0 0.0   

*Corrected estimated value based on 2021 tailings field investigation program. This is calculated considering the 2 years total FT growth (with tailings pond investigations completed in 

2019 and 2021, and no tailings pond investigation in 2020 due to the COVID-19 public health emergency) and evenly distributing this growth between 2020 and 2021. 
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3.1.2 Fluid Tailings Profile 

Figure 3-2 shows the approved FT profile with actual FT inventory volumes and threshold limits. This 
demonstrates that Imperialôs FT inventory is currently below the AER approved FT profile and thresholds. 
The primary reasons for having lower cumulative FT inventory are: KFTT performance, lower than 
estimated mining and production rates versus original D85 FT profile, and increased fines treatment through 
supplemental fines treatment pilots.  

 

       Figure 3-2: Fluid Tailings Profile Showing Approved Profile, Triggers and Limits 

 

In addition to lower than estimated mining tonnage (since 2014), Kearlôs tailings treatment process has 
produced tailings which have predominantly met the current subobjective 1 RTR criteria (additional details 
in Section 4.3). Ongoing performance evaluation and continuous improvements of the overall fines 
treatment system is focused on demonstrating sustained performance over a wider operational envelope. 
Further details on the challenges experienced, work completed, and current planned improvements can be 
found in the Section 6.1. 

Kearlôs performance falls within management level 1, as defined by the TMF, as its FT inventory was below 
the approved FT profile. 

3.1.3 RTR Criteria 

FT are considered RTR when ñthey have been processed with an accepted technology, placed in their final 
landscape position, and meet performance criteriaò (AER, 2017). According to Commercial Scheme 
Approval No. 10829M, Imperial is currently required to meet the following RTR criteria for the EETA TT 
deposits (AER, 2018):  

¶ 65% solids content by weight, based on deposit sampling, within one year of treated FT placement 
for the EETA TT deposit (subobjective 1) 

¶ Groundwater is monitored in accordance with the Environmental Protection and Enhancement Act 
(EPEA) approval (subobjective 2) 
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Groundwater was monitored as required by EPEA Approval No. 46586-01-00, as amended, during 2021. 
Details are added in the section óEnvironmental Monitoring Resultsô (Section 7.0). Therefore, all tailings 
material that has been treated and placed in the EETA is deemed to have met RTR subobjective 2 criteria. 
Throughout the remainder of this report, treated tailings referred to as having met RTR criteria also means 
material having met RTR subobjective 1 criteria, and material not meeting RTR criteria refers to material 
that hasnôt been proven to have met RTR subobjective 1 criteria. 

3.1.4 Fluid Tailings Volume in Each Deposit and Composition 

Table 3-2 shows estimated FT inventory at the end  of the reporting period (2021 year-end FT inventory is 
extrapolated from the August 2021 pond investigation) in each deposit containing FT, while Table 3-3 
provides information on the thickened tailings deposit and material which met the RTR criteria. 

 

Table 3-2:  FT Inventory 

Pond 
FT Inventory 

(Mm3) 

Water 
Inventory 

(Mm3) 

West ETA (WETA) 62.0 16.0 

East ETA (EETA) 2.0 1.0 

TT deposit area  5.6* 0.0** 

Total 69.6 17.0 

*Excludes FT which have met RTR per Table 3-3.  

**In 2020, TT pond and EETA pond merged, became one pond and going forward will be known as EETA pond. 

The 2021 year end sitewide FT inventory, including inventory in individual tailings ponds are less than FT 
inventory reported in 2020. This is mainly because, in the absence of tailings pond investigations during 
2020, Imperial took a conservative approach and overestimated FT inventory by not reporting any new 
ready-to-reclaim (RTR) volumes for 2020. However, during 2020, Imperial continued its fines treatment 
programs through KFTT and supplemental fines treatment pilots. Due to this continuous treatment and 
improvements, as indicated in last yearôs (2020) report Section 3.1.1, the expected year end FT inventory 
would have been lower in 2020 than what was reported in Table 3.1 if pond investigation was completed 
and volumes meeting RTR criteria were removed from the FT inventory. Imperial indicated in its 2020 D085 
Annual Report, that the  estimated 2020 FT inventory would be adjusted as necessary after the next tailings 
field investigation  program (in this case 2021) and reported in a subsequent D085 Annual Report. This is 
reflected in Table 3-1, above, where the adjusted 2020 FT inventory along with 2021 FT inventory is 
reported. Reduction of year over year FT growth is also due to fines treatment improvements and FT 
consolidation in the WETA pond.  

In 2021, measured FT volumes (August 2021 Field Investigation) in WETA, EETA, and TT panels were 
60.8 Mm3, 2.0 Mm3, and 5.6 Mm3 respectively. 2021 year end estimated FT volumes are included in Table 
3-2 above. The year end projection is relevant only to WETA as EETA is maintained as minimum fluid 
storage facility and inventory fluctuation is not significant. For 2020, measured volumes are not available 
as no tailings pond investigation was completed in 2020 due to the COVID-19 public health emergency. 
The 2020 reported year end FT inventory was estimated following the method indicated in Section 1.1 of 
the 2020 D085 Annual Report. 

 

Table 3-3:  Thickened Tailings Volume 

Pond 
Volume of TT 

(Mm3) 

Volume of TT 
determined to be RTR 

(Mm3) 

FT Inventory 
(Mm3) 

TT Panel 26.0 20.4 5.6 
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The cross sections of solids content of the FT in the WETA, EETA and TT panels are shown in Figure 3-3, 
Figure 3-4 and Figure 3-5 respectively. 

 

 
Figure 3-3:  WETA FT Cross Section 

 

 
Figure 3-4  EETA FT Cross Section 
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Figure 3-5:  Solid content distribution in TT deposit  

 

A 3D block model was developed to calculate the amount of material that achieved the RTR subobjective 
1 criteria and to analyze the distributions of other properties within the deposit. Figure 3-5 illustrates solids 
content distribution within TT deposit. The block model volume estimation demonstrates that approximately 
20.5 Mm3, which is over 3/4 of total volume of the TT deposit, satisfies the RTR subobjective 1 criteria (RTR 
material).  

During last two years coarse sand tailings (CST) were allowed to flow into the treated tailings area. CST 
was also periodically deposited into the treated tailings area, mainly from the west side of the deposit. The 
SFR value of the material in the treated tailings deposition area was used to estimate the volume of CST 
within the treated tailings deposit. The reported RTR volume was calculated excluding this the estimated 
CST volume in the TT deposition area. Based on previous years TT properties, it was observed that SFR 
value of TT can vary up to 5, which was used to delineate CST from TT. Tailings material with an SFR less 
than 5 was considered as TT and material higher than 5 was considered as CST. Using this criteria, a 
volume of appriximately 2.7 Mm3 of CST was estimated within the TT deposition area and excluded from 
the total estimated TT volume.  

As illustrated in the Figure 3-5, coarse sand tailings co-deposition as well as the management of the sub 
aqueous zone (by making it as small as possible at north east corner of the deposit) helped to improve TT 
performance. Based on deposit sampling results, approximately 80% of the TT material in the deposit 
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satisfied the RTR subobjective 1 criteria. The solids content of the material which has met the RTR criteria 
(65%+) is ranging between 65% to 80%,with SFR and clay content ranging from 0.5 to 5.0 and 10% to 30% 
respectedly. The remaining material (about 5.6 Mm3) within the TT deposit area does not yet satisfy the 
RTR subobjective 1 criteria of 65% solids content. However, more than half of this material is currently at 
about 40% to 65% solids content and this material has potential to reach the 65% solids content without 
additional mitigations. As expected, about 5% of the total treated material within the deposit is less than 
40% solids content and this material is considered to be run off. This material has less potential to achieve 
RTR criteria on its own and may require potential mitigation in the future.  

3.2 Water Volume, Quality and Site Wide Balance 

Figure 3-6 shows a simplified diagram of the site wide water balance while Table 3-4 shows an estimated 
site-wide water balance for Kearl.  

 

Figure 3-6:  Site Wide Water Balance Schematic 
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Table 3-4:  Estimated Site-Wide Water Balance Table for 2021 Reporting Period 
 Activity Mm3 

A) River water taken from the Athabasca River to raw and recycle water pond 8.9 

B) River Water to Raw Water Ponds and to Utilities 5.2 

C) River Water to Recycle Water Pond 4.8 

D) Overburden, Basal, and Devonian groundwater to Tailings Management 1.4 

E) Surface water runoff (net precipitation including rain, snow, and evaporation) to tailings management 11.9 

F) Connate water from within ore body to bitumen production 5.8 

G) Utilities to bitumen production 161.1 

H) Bitumen Production to Tailings Management 166.9 

I) Water into Tailings Management (D + E + H) 180.2 

J) Storage in Tailings Management (I - K) 30.5 

K) Tailings Management to Recycle Water Pond 149.7 

L) Recycle Water to Bitumen Production via Utilities (heat added) 155.9 

M) Basal Well Groundwater to Bitumen Production via Utilities (heat added) 0 

 

The total volume of free water for each treated tailings deposit and FT pond at the beginning and end of 
the 2021 reporting period is shown in Table 3-5. Free water is defined in this case as water volume in the 
pond between mudline and water surface. The year end ETA water inventory of 2021 is approximately 10 
Mm3 less than 2020. This can be mainly attributed to less surface water run off coming into the ETA  in 
2021 (due to 2021 being a drier year compared to 2020) and significantly lower river water import in 2021 
(only about 60% of the 2020 imported volume). 

 

Table 3-5:  Volume of Free Water for the 2021 Reporting Period 

Volume of Free Water (Mm3) 

Pond Start of 2021 End of 2021 

WETA 23.8 16.0 

EETA*  3.0 1.0 

 Total 26.8 17.0 

*EETA pond and TT pond were merged in 2020 

The characterization of the quality of the water is shown in Table 3-6. One sample was collected from the 
centre dyke in the WETA and from the barge in the EETA in July 2021.  

The majority of polycyclic aromatic hydrocarbons are usually measured below the detection limit and where 
detections are present, they are in low concentrations. 
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Table 3-6:  Water Quality Testing Key Parameters  
Key Parameters Annual Average 

(WETA) 
Annual Average 

(EETA) 

Dissolved Chloride mg/L 30 31 

Dissolved Sulphate mg/L 390 450 

Total dissolved solids (measured) mg/L 900 1000 

Dissolved Calcium  mg/L 55 44 

Dissolved Magnesium mg/L 27 25 

Dissolved Potassium mg/L 16 19 

Dissolved Sodium  mg/L 200 240 

PH  8.33 8.45 

Bicarbonate mg/L 300 280 

Carbonate mg/L 1.9 5.0 

Total suspended solids mg/L 4.9 81 

mg/L - milligrams per litre 

 

The estimated volume and quality of water recovered from treated tailings are shown in Table 3-7.  

 

Table 3-7:  Volume and Quality of Water Recovered from Treated Tailings 

Water Recovered Volume (Mm3) Solids Content (%) 

Thickener overflow* 30.3 <1.0% 

TT deposit** 5.1 <1.0% 

*Volume of Thickener overflow water is based on flow data. Solids content of overflow water is obtained from samples from the 
stream analyzed at the Kearl laboratory 
** Volume of TT deposit water derived based off mass balances (inflow less water remaining within the TT deposit) 

3.3 Ore Processed 

3.3.1 Ore Tonnage and Composition 

Table 3-8 shows the 2021 total tonnage of ore processed and its average composition.  

 

Table 3-8:  Ore Processed in 2021 

Year 
Ore Tonnage 

(Mt) Bitumen (%) Water (%) Solids (%) 

2021 148.1 12.2 3.9 83.9 

3.3.2 Fines in Ore and Fluid Tailings 

Over 2021, Kearl processed approximately 20.5 Mt of fines within the ore. Since its start up, the total 
(cumulative to date) fines estimated to be in FT is approximately 28.6 Mt (representing the 69.6 Mm3 of FT 
identified in Table 3-2). 
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3.4 Status Map and Thickener Feed  

3.4.1 Status Map 

The External Tailings Area (ETA) status at the end of 2021 is shown in Figure 3-7 on top of an aerial photo 
taken in October 2021. The blue outline shows the estimated extents of the pond at the end of the year.The 
red outline shows the boundary of the ETA. The white outline shows the estimated extents of TT placed 
area. 

 

 

Figure 3-7: 2021 ETA Status  

 

3.4.2 Volume of Fluid Tailings Treated and Where They were Placed 

A summary of the tailings treatment during 2021 is shown in Tables 3-9 and Table 3-10. The volume of 
thickener feed is splited between FLT and FT. The thickener underflow (TT) after passing through second 
chemical system was placed in the EETA. The volumes are based on flows measured in the streams 
feeding and leaving the thickener.  

 

Table 3-9: Thickener Feed  

Tailings Treatment Slurry (Mm3)  

FLT 26.2 

FT (WETA barge) 4.8 

 

Table 3-10: Thickener Underflow  

Tailings Treatment Slurry (Mm3)  

TT  12.1 
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Based on process surveillance, deposit monitoring, the Q3/Q4 2021 survey and sampling campaign, the 
thickeners regularly produced underflow in the expected range of 40% to 50% solids content with overflow 
water solids content less than 1%, as shown in Table 3-11. The secondary chemical injection system results 
in further dewatering once deposited into the TT panels.  

 

Table 3-11:  Properties of the Treated Tailings 

 Solids Content (%) 

Solids Content (%) Expected Properties Actual Properties 

Thickener Underflow  40%-50% Avg. 39% 

Thickener Overflow <1% <1% 

 

Thickener overflow solid content results (%) in 2021 were within the expected properties range. Thickener 
underflow solid content results were however slightly under target (~39% vs. 40%). The latter was due to a 
combination of running at lower U/F densities to manage thickener bed levels and mechanical equipment 
challenges as well as maintaining stable operations with a lower than expected solids loading rate from the 
primacy separation cells. Though thickener underflow densities were slightly below expected properties, 
the performance of samples taken after secondary chemical injection  (one day and seven day solids 
content) continued to demonstrate expected overall thickener and system performance.  Additionally, the 
performance of the overall system was further corroborated with the annual sampling campaign in-situ data 
collection. 

 

4.0  Monitoring Reporting Data  

4.1 Dataset Accuracy 

The sampling programs provided key information and understanding of the overall FT inventory levels and 
the performance of the thickened tailings. A detailed campaign to categorize and measure the FT within 
the ETA was used to estimate the current reported inventory. The sampling intervals and detailed analysis, 
coupled with satellite imagery at the time is considered to be adequate for documenting the inventory levels 
for FT. 

An extensive sampling program was carried out within the TT deposit area to characterize fluid tailings 
which satisfy RTR subobjective 1 criteria.  

4.2 Survey Locations 

The following figures show the locations of all the survey activities used to assess the FT volume and 
properties.  

Figure 4-1 shows the pond bottom sounding locations, conducted with a CT09 instrument. Figure 4-2 shows 
the solids sampling locations in the TT panels. Figure 4-3 shows the fluid sampling locations and fixed 
interval sampling locations. Figure 4-4 shows the path traveled in conducting the sonar survey of the ponds 
in the EETA and the area of swath sonar conducted in the WETA. Tables containing coordinates of all the 
sampling locations are shown in Appendix A. 

The testing frequency and locations were finalized prior to the execution of the tailings measurement field 
program based on site conditions, historical trends, and safety considerations. Sample spacing was 
increased or decreased depending on the variability of the pond bottom and the deposit observed over 
time. 
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Figure 4-1:  Pond Bottom Sounding Locations 

 

 
Figure 4-2:  Solid Sampling Locations 
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Figure 4-3:  Fluid Sampling Locations 

 

 
Figure 4-4:  Sonar Sounding Path and Swath Sonar Area 
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4.3 Treated Tailings Characteristics 

Imperial developed a block model of the TT deposit to determine variation of characteristics and to estimate 
volumes of RTR material. The following charts were prepared from the TT deposit block model.  

Figure 4-5 shows the SFR variation in the west  and east side of the deposit. Measured SFR was used to 
delineate coarse sand tailings from treated tailings. Blocks consisting of material with a SFR of greater than 
5 is considered as CST dominant regions and blocks consisting of material with a SFR of less than 5 was 
identified as treated tailings. A SFR of 5 was selected to separate sand tailings and treated tailings as 
previous data has demonstrated that TT SFR can vary up to 5.  

CST deposited from the west side of the TT deposition area appears to be mixed with TT deposited in the 
west side of the deposit to create a favourable composition for dewatering. This deposition environment, 
with an increased SFR and subaerial deposition, might have contributed to most of the material on the west 
side of the deposit achieving RTR status. In addition, on the west side, the majority of the CST material 
(SFR>5) created a cap on top of the TT deposit, with some CST material sunk into soft TT deposit areas. 
Accumulation of the low SFR material is concentrated in the northeast side of the deposit. Most of the 
bottom layers material on the east side met the RTR criteria, but the upper low SFR layers have not yet 
reached the RtR criteria.     

 
Figure 4-5:  Cross Sections of SFR Variation in the West side and East side of TT Panel 
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Figure 4-6 shows that the effective stress increases with depth and is higher for the subaerial material than 
the subaqueous / transition zone material. This effective stress chart indicates that the TT performance is 
trending towards being able to meet final capping requirements. 

 

 

 
kPa - kilopascal 

Figure 4-6:  Effective Stress versus Depth 

 

Figure 4-7 shows solids content data for west  and east side of the deposit for both 2019 and 2021. 

On the west side of the deposit, CST deposition and the subaerial environment might have contributed to 
improving the solids content of the material. Some of the low solids material identified during the  2019 
tailings field investigation, appears to have mixed with higher SFR material. The combination of this material 
mixing, enhanced drainage and consolidation could have contributed to the improvement of solids content 
in west side of the deposit. 

On east side of the deposit, the lower solids material located on top of the subaqueous zone identified 
during the  2019 tailings field investigation has also  seen an improvement in solids content during the 2021 
field investigation, and is likely a result of consolidation and/or displacement of this material. This indicates 
the subaqueous zone is trending towards achieving the RTR criteria in subsequent years.  
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Figure 4-7:  Deposit Consolidation in subaerial and subaqeous zones  

 

Figure 4-8 shows measured  in-situ excess pore pressure  data (calculated subtracting insitu pore pressure 
from expected hydraustatic pore pressure). As expected, excess pore pressure increases with depth. In 
most of the subaerial locations, decreasing excess pore pressure is observed for the bottom half of the 
deposit. This is an indication of a double drainage boundary condition and consolidation of material at the 
bottom half of the deposit. This behavior was also observed for some of the subaqueous locations and 
continuous increase of excess pore pressure with depth was observed for the other subaqueous locations. 
This early excess pore pressure dissipation illustrates that the deposit is consolidating as expected and 
trending towards a reclaimable deposit.  
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Figure 4-8:  Pore Pressure 

 

Figure 4-9 illustrates finer particles in the subaqueous zone and relatively coarser particles in the subaerial 
zone and it shows gradual transition of particle size distribution from subaerial to subaqueous / transition 
zones.   

 

 
      PSD ï particle size distribution 

Figure 4-9:  Particle Size Distribution in subaerial and subaqueous zones 
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Figure 4-10 illustrates solids content variation of the TT deposit with depth. Solids content measurement 
results are illustrated for both subaerial zone and subaqueous / transition zones. 

 
Figure 4-10: Cross Section Illustrating Solids Content Variation in TT Panels 

 

The above figures (Figures 4-5 to Figure 4-10) depict treated tailings characteristics as sampled. It was 
found that most of the subaerial zones of the deposit met expected performance and achieved RTR 
subobjective 1 criteria. Part of the transition and subaqueous zone material also achieved RTR status and 
illustrate pore pressure dissipation and consolidation.  

During the last two years, Imperial has carried out a few changes in deposition area to enhance 
performance of the deposit. The planned changes were communicated to AER before implementation. CST 
was allowed to flow into TT area by discontinuing construction of some of the divider causeways around 
the treated tailings deposit. The initial locations that CST was entering the TT deposit were planned and 
observed in order to understand and minimize any potential unintentional impacts to the TT deposit. The 
sampling results revealed that coarse sand tailings improved the SFR of the material in west side of the 
deposit, which in turn contributed to improving the solids content and strength of the deposit. Sampling 
results also demonstrated that a majority of the CST material created a cap on top of the TT deposit and 
helped to consolidate the TT, increasing the overall solids content. This exercise also demonstrated that 
TT was sufficiently strong enough to maintain a sand cap on top of the TT deposit. 

Changes were also made to the release water transfer mechanism of the TT deposit to optimize operation 
efficiency and overall deposit performance. An opening in divider berms (in 2020) was created to facilitate 
gravity drainage of released water  from the TT panels to the north into the EETA pond; previously this 
water was transferred using mechanical pumps. Gravity drainage has helped to minimize the subaqueous 
area in the TT panels and avoid accumulation of runoff FT within treated tailings deposit.    

During the last two years, inline flocculated FT was also co-deposited into treated tailings deposit as part 
of the ILF field pilots to increase fines treatment capacity. This ILF treated FT demonstrated better than 
expected properties during field scale deposition. Performance of these pilots are discussed in detail in 
section 6.2 and performance of these pilots will continue to be monitored in future tailings field investigation 
programs.   
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The treated tailings deposit was divided into subaerial and subaqueous / transition zones for  interpretation. 
The western and southern portion of the deposit is defined as subaerial zone and northeast corner is defined 
as subaqueous / transition zone. The characterization of each zone is summerized below. 

¶ Subaerial zone: The zone makes up approximately 75% of the deposit and consists of mainly RTR 
material with the exception of the top 1 to 2 meters and a few isolated pockets as shown in the 
block model section. Average solids content of the material in this zone is about 75% and consists 
of less than 30% clay content with an average SFR of approximately 1.4. This zone exhibited 
increased effective stress with depth (up to about 100 kPa) and excess pore pressure dissipation 
from the top and bottom of the deposit.  

¶ Subaqueous / transition zone: This zone is now restricted to north east corner of the deposit and is  
approximately about a quarter of the overall deposit area. As illustrated in the cross section, the 
bottom 10-15 m of this zone satisfies the RTR subobjective 1 criteria. Approximately the top 10 m 
of the deposit contains material with a solids content of  less than 65% however isolated pockets 
of greater than 65% solids content material are present. Solids content in this zone increases with 
the depth. Material in this zone consists of on average 36% clay content and approximately 0.4 
SFR. This zone also exhibited increased effective stress with depth (up to  about 60 kPa), but lower 
overall than the subaerial zone. Limited areas of this zone demonstrate pore pressure dissipation 
from top and bottom of the deposit and in most of the other areas, excess pore pressure increases 
with depth.           

The above cross sections (Figure 4-5 to Figure 4-10) indicates that the area of the FT deposit that has met 
RTR status is trending appropriately towards achieving expected final deposit properties and performance 
to enable future deposit capping. 

4.3.1 Storage Capacity 

Available storage capacity of each tailings deposit or tailings pond that contains water or tailings at the end 
of the 2021 reporting period is shown in Table 4-1.  

 

Table 4-1:  2021 Year End Available Fluid Storage Capacity 

Pond Storage Capacity (Mm3) 

WETA  1  

EETA  1  

 

FT annual storage capacity and volume requirements forecast for the five years following the end of the 
2021 reporting period are shown in Table 4-2. These all reflect the end of reporting period (December 31 
of each year) volumes, identifying the FT storage capacity that is planned to be created and how much FT 
storage will be required as per the current plan. 

Values for storage capacity and requirements deviate considerably from  those reported in 2020.  Through 
measurements taken during the 2021 pond investigation and recalibration of the tailings mass balance, 
assumptions for beach slopes, tailings run-out distance, and FFT generation rates have been updated.  
These  revised values demonstrate that, while the buffer is smaller than previously reported, expected 
required FT storage volumes can be contained within the available capacity. The storage requirement is 
defined as total water and FFT expected to be stored in the facility at year end.  Storage capacity is defined 
as the available fluid storage at the maximum expected pond elevation.  While this could be defined by 
freeboard, tailings modeling suggests that beach lengths are almost always the driver behind maximum 
allowable pond elevations. 

Modelling has shown that the EETA geometry is highly sensitive to beach slope and pond elevation 
assumptions.  The case presented in Table 4-2 represents shallow beaches to full EETA height, resulting 
in relatively low fluid storage.  Steeper EETA beaches would result higher fluid capacities. 
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Table 4-2:  5 Year Annual Fluid Storage Capacity and Fluid Volume Storage Requirement Forecast 

Pond 

2022 2023 2024 2025 2026 

Storage 
Capacity 

(Mm3) 

Storage 
Requirement 

(Mm3) 

Storage 
Capacity 

(Mm3) 

Storage 
Requirement 

((Mm3) 

Storage 
Capacity 

(Mm3) 

Storage 
Requirement 

(Mm3) 

Storage 
Capacity 

(Mm3) 

Storage 
Requirement 

(Mm3) 

Storage 
Capacity 

(Mm3) 

Storage 
Requirement 

((Mm3) 

WETA  78    76 80   76 79    77  76  74  73 71 

EETA  4  3   5   3  10  8  11  10  10 9 

ITA1* NA NA  50   10   40   10   34   10   13   10  
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In accordance with the Tailings Management Framework and Directive 085, Imperial submitted a TMP on 
November 1, 2016. This plan was aligned with the approved Pleistocene Channel Aquifer (PCA) offset 
scenario for areas A/B/C, where the resource is sterilized within and up to a 50 m offset from the PCA edge. 
It also included sterilization of areas D/E on the basis that leaving the ore in-situ within and up to a 50 m 
offset from the PCA edge was considered to be the most likely path forward. The ore that is proposed to 
be sterilized within areas D/E is of average fines content, therefore no impact to the FT generation rate in 
this area of the mine is anticipated.  

The proposed sterilization of ore to keep all infrastructure within Kearlôs existing regulatory approval 
boundaries was not included in the 2016 Directive 085 TMP. This volume and area is a small increase from 
that proposed within PCA areas D/E. Also, given that the ore in this area is of average fines content, no 
impact to the FT generation rate is anticipated. The sterilization of this ore will accelerate the availability of 
in-pit tailings area 2, which improves the robustness of the TMP.  

4.4 Quarterly Monitoring 
Table 4-3 shows the average quarterly TT solids content and SFR from process samples after the 

secondary chemical injection point. It can be seen that the TT is initially achieving 40% to 45% solids 

content, which then increases to approximately 54% (averaged over the year) after seven days. The results 

indicate that the process is currently meeting initial expectations. 

Table 4-3:  Quarterly Monitoring Results for Solids Content and SFR 

Months Initial (%) 24 hours (%) 7 days (%) SFR 

Jan - Mar 40.69 46.92 52.21 1.55 

April - June 42.53 47.08 52.62 1.67 

July - Sep 44.30 51.95 55.99 1.51 

Oct - Dec 43.98 51.53 56.17 1.75 

 

5.0  Deposit Performance 

Currently the TT deposit is performing largely as expected. To date, greater than 3/4 of the deposit (by 
volume) has achieved RTR subobjective 1 criteria. 

Continuous improvement initiatives are being developed to enhance the overall TT deposit. Ongoing 
operational improvements continue to be addressed and improved upon to maintain and sustain the 
treatment of FT from the KFTT facility. Such operational improvements would include: CST-TT co-
deposition, ongoing freezing and desiccation of the TT through normal operation (summer/winter), and 
gravity drainage of low solids content material to the north side of EETA into the  EETA pond. As illustrated 
in this section, Imperial is also conducting operational continuous improvement measures and initiatives 
such as  maintaining one smaller pond within the TT panel.  Imperial is also evaluating several other 
mitigations identified within the 2016 TMP Directive 085 supplement information request responses 
including chemical additions to the CST stream to further improve beach capture. 

Section 3.1 demonstrates that Imperialôs FT inventory is within the approved FT profile. Therefore, 2021ôs 
tailings performance had no significant or unexpected impact on the mine plan, water management, mine 
reclamation and life-of-mine closure plan. 

Solids content and pore pressure measurements illustrated that, previously identified or reported RTR 
material which are located toward bottom of the deposit illustrate increasing solids content.  
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6.0  Technology: Continuous Improvement and Development 

6.1 Summary of Continuous Improvement Activities 

Over the 2021 reporting period, issues encountered related to operation of the treatment facility at Kearl 
are summarized in Table 6-1. Challenges were primarily physical availability of specific pieces of equipment 
due to a variety of factors. 

Thickener operation and the TT deposit generally met expectations.  

 

Table 6-1:  Treatment Technologiesô Operations During 2021  

Operational Challenges  Continuous Improvement Activities 

Bitumen plugging and debris ingestion into 
the FFT pumps reducing availability of FFT 
feed to the thickeners and to other inline 
flocculation treatment methods. 

¶ Bitumen plugging and debris ingestion into the FFT pumps resulted in multiple 
motor failures due to water ingress. Data transmission improvements were 
executed in 2021 to better relay and predict future failures. Operational 
changes were also implemented to optimize mechanical seal life expectancy. 

Structural damage in the thickener center 
columns identified during a plant outage. 

¶ During a scheduled plant outage, damage was identified in the two thickener 
center columns. The root cause was associated to erosion from extended 
shear thinning loop operation. The columns were repaired and re-enforced with 
erosion resistant materials. Operational changes were also implemented to 
minimize the runtime requirement on these loops. 

¶ Additional inspection during the 2022 planned outage is scheduled and will help 
confirm if the repairs were successful. 

Physical availability of the underflow system 
challenged by pump and piping challenges. 

¶ Gland water control scheme applied in early 2021 resolved the frequent 
underflow pump packing failures. Deployed on both underflow lines.  

Vibrations in the second chemical injection 
system resulting in downtime 

¶ Confirmed that the installation of new pipe supports and surge tank installation 
completed in 2020 resolved the issue. 

Passing valves leading to isolation 
challenges and frozen lines 

¶ Recurrent challenge. Multiple valve replacements/upgrades planned in 2022. 
Different designs from different vendors are being considered. 

¶ Additional instrumentation for temperature monitoring were installed in 2021 

Simultaneous failures of Overflow Water 
Pumps 

¶ Continues to be a source of downtime due to higher than anticipated solids 
causing erosion. Minor upgrades were executed in collaboration with pump 
vendors. 

¶ New pump design progressed and currently under fabrication. Expected 
commissioning in Q4 2022. 

¶ Additional spare pump and parts ordered to improve availability. 

FFT material behaviour ï potential coning ¶ Continuous troubleshooting through modification of pump and TRS caisson 
depths as well as pump operating modes. 

¶ Considering external support to better understand coning challenges and 
options to mitigate. 

Opppurtune CST co-deposition in TT 
deposition area 

¶ Demonstrated consolidation and overall deposit performance through improved 
drainage and loading of the deposit with CST sand. 

 

  

6.2 Pilots or Prototypes 

Imperial Oil submitted the following new or extension applications in 2021 to carry out pilots: 

¶ Inline Flocculation On-site Fluid Tailings Pilot Phase 3 Extension; 

¶ Inline Flocculation On-Site Fluid Talings Pilot Phase 5 (ILF Phase 5) 

¶ Inline Flocculation On-site Fluid Tailings Pilot Phase 5 Extension; and 

¶ Enhanced Beach Fines Capture Field Pilot Extension 
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These pilots allow for continuous improvement and operational learnings on the existing Kearl Fluid Tailings 
Treatment (KFTT) and development of supplemental treatment options.  The following provides an overview 
of the pilots carried out by Imperial Oil in 2021, applicable extension requests and summaries of the pilot 
results that were unavailable at the time of writing the previous TMR. 

6.2.1 Inline Flocculation Onsite Fluid Tailings Field Pilot Phase 3 

Imperial requested authorization from the Alberta Energy Regulator (AER) on May 15, 2020 and received 
approval to carry out a field pilot called Inline Flocculation Onsite Tailings Field Pilot Phase 3 on June 02, 
2020.   

The ILF Phase 3 field pilot focused on evaluating inline flocculation (ILF) treatment using fluid tailings from 
EETA fluids tailing pond using the previously approved polyacrylamide  (PAM) polymers (SNF FLOPAM 
A3338 (A3338) or SNF FLOPAM NRG 5320 (NRG)). Field investigation data indicates that the FT in the 
three ponds varies in clay content and in sands to fine ratio (SFR) with depth.  The SFR and clay content 
of the FT at certain depths of the EETA pond are generally similar to the TT.  Laboratory testing on FT from 
the EETA pond indicate that inline flocculation of this material using the existing approved polyacrylamide 
polymers may produce treated FT that behaves similar to TT given the similar sands to fines ratio and clay 
content.  Therefore, the ILF Phase 3 field pilot would leverage the secondary chemical injection to inline 
flocculate the EETA pond FT.  However, the ILF Phase 3 field pilot would be decoupled from the existing 
thickening treatment since the setup relies on a separate FT pipeline from the existing EETA pond dredge 
and a separate polymer pipeline from the secondary injection rather than through the existing TT pipelines.  
The dredge would target FT at certain depths and location in the EETA pond such that the dredged material 
would have a similar SFR and clay content compared to TT and therefore the treated material would behave 
similar to TT.  The proposed deposit location for the ILF Phase 3 field pilot is within the EETA in the TT 
deposition area. Figure 6-1 shows EETA dredge used for this field pilot with pipe setup and chemical 
injection location.  

 
Figure 6-1:  ILF Phase 3 field pilot setup and deposition location 

A surveillance plan was developed to monitor the key performance indicators of the process and deposit 
during the field pilot.  The surveillance plan will leverage readily available inline instrumentation and field 
sampling methods combined with laboratory testing of the samples.     
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The key process indicators that monitored during the field pilot include: 

¶ Treated FT material characterization with solids content, clay content and sands to fines ratio 

¶ Treated FT solids rate, flowrate and density; 

¶ Chemical dosage; and 

¶ Capillary suction time. 

    

The field pilot was conducted from July to September in 2021 and produced 1.3 Mm3 of ILF treated tailings. 

Polymer dosage was started around 800 g/t at the beginning of the pilot based on laboratory results. Based 

on in line sampling performances dosage was optimized to around 400g/t to 600g/t with the progression of 

the pilot.  Figure 6-2 illustrate initial and 7 day solids content data measured from process samples. It 

appears that initial solids content was maintained around 20% solids content and 7 day solids content 

increased to about 40% solids content.  Figure 6-3 shows SFR and clay content of the treated ILF material. 

The SFR value generally fluctuated around 0.8 and clay content fluctuated around 60%, and is consistant 

with some of the TT material in the deposit. 
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Figure 6-2:  Initial and seven day solids content of ILF material 

 

Figure 6-3:  Clay content and SFR of ILF material 

 

A field investigation was conducted to collect samples from the ILF deposit and to measure in-situ strength. 

Figure 6-4 shows sampled location to determine deposit properties. The collected deposit samples were 

tested for solids content, SFR and clay content. Figure 6-5 illustrate those measured properties. 

Additionally,  Figure 6-5 also included measured deposit strength at sampled locations. There is a possibility 

that some samples are influenced by TT material.    
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Figure 6-4:  Deposit sampling locations for ILF phase 3 field pilot 

 

 

 

 

 

 

 

 

 

 



Kearl Annual Tailings Management Report - 2021 

 
 Page 39 of 74 

 

Figure 6-5:  Solids Content, SFR,Clay Content and Strength of ILF material 

ILF phase 3 deposit characteristics demonstrate expected treatment performance. Additional run time  of 
this treatment technology is required to optimize the process and improve product quality. Imperialsô 
expectation is to continue to co-deposit this ILF product with regular thickened tailings to create a ready to 
reclaim deposit.   

 

6.2.2 Inline Flocculation Onsite Fluid Tailings Pilot Phase 3 Extension 
Request 

An extension request for the ILF Phase 3 field pilot was submitted on July 28, 2021 and approved on 
December 20, 2021. The extension was required to further evaluate the heterogeneity and variability of the 
EETA FFT source given the short deposition window in 2021 and to evaluate the long term deposition 
strategy of co-deposition of ILF treated EETA FFT with TT, ILF treated WETA FFT and EILF treated WETA 
FFT. It is also expected that CST will be inter-layered and/or co-deposited into the pilot deposition area due 
to proximity to the causeways and Centre Dyke. The extension request will allow evaluation of co-deposition 
of various tailings streams in 2022 and 2023 and provide sufficient time to evaluate variability of the FFT 
source and operational challenges (i.e., discharge outlet locations and discharge schedule). 

The proposed location for the extension field pilot will remain the same as described in the original 
application. Deposition of ILF treated EETA FFT will be in the southeast corner of the TT deposition area. 
The field pilot size may change depending on the flow properties of the treated material. 

The process and surveillance plan will also remain the same as described in the original application. A field 
investigation will be carried out after deposition is complete and is tentatively scheduled for October 2023.  
Updates on the extension pilot will be provided in the annual Tailings Management Report.  

There is potential overlap between the Phase 5 extension deposit and the Phase 3 extension field pilot 
deposit in the TT deposition area. The Phase 5 extension field pilot focuses on evaluating the envisioned 
long-term co-deposition strategy with EILF treated WETA FFT, ILF treated WETA FFT, TT and CST. The 
overlapping deposit area will also be included in the surveillance program and learnings will be considered 
in the long-term deposition strategy.  The AER in the December 20, 2021 approval has combined 
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applications for the Phase 3 and Phase 5 extensions field pilots approvals under one application called ñILF 
pilotsò. 

6.2.3 Inline Flocculation Onsite Fluid Tailings Field Pilot Phase 5 

Imperial requested authorization from the Alberta Energy Regulator (AER) on April 13, 2021 and received 
approval to carry out a field pilot called Inline Flocculation Onsite Tailings Field Pilot Phase 5 on April 21, 
2021.  The pilot focused on conducting inline flocculation (ILF) of FT and evaluating performances of ILF 
treated FT at field scale. 

The ILF technology has been used in the oil sands industry since 2008. The ILF treatment of FT was 
identified as an opportunity to continue to treat fines to increase overall fines treatment when the primary 
fines treatment facility (thickener) is not operational or when there is excess FT available from the West 
External Tailings Area (WETA) FT reclaim barge. 

The objective of the pilot is to evaluate performance of ILF which has been co-deposited / interlayer with 
relatively high sands to fines ratio (SFR) thickened tailings (TT) and / or coarse sand tailings (CST) within 
the TT deposition area. The co-deposition / interlayering of ILF and TT is expected to follow a similar 
trajectory of solids content increase as TT, thereby meeting the D085 Ready to Reclaim (RTR) 
requirements.  

The treatment consists of minimum modifications as it leverages existing infrastructure of the primary 
treatment process. In addition, the ILF process does not introduce any new chemicals. ILF will be using the 
same approved flocculent used in the secondary chemical treatment process of KFTT.   

Imperial intends to conduct the ILF trial only during planned or unplanned shutdowns of the thickener or 
extraction plant, to continue FT treatment. During 2021, ILF was intermittently operated between April and 
Septermer during periods of downtime. During ILF operation, FT was extracted from the WETA tailings 
pond using the FT barge and directly pumped to the inline polymer injection location. After polymer injection, 
ILF treated FT is sent to TT deposition area in East External Tailings Area (EETA). ILF deposition was 
mainly directed to west side of TT deposit and Figure 6-6 illustrates the active ILF deposition in TT area. 
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Figure 6-6:  ILF deposition in EETA TT deposit 

 

A surveillance plan was developed to monitor the key performance indicators (KPIs) of the process during 
the pilot and leveraged readily available inline instrumentation. The deposit KPIs were evaluated by in-situ 
testing and field sampling methods combined with laboratory testing of the samples.   

The key process indicators that were monitored during the commissioning and operation include: 

¶ FT solids rate, flowrate and density; 

¶ Flocculent dosage; 

¶ Capillary suction time of treated FT;  

¶ 24 hour and 7 day solids content  

¶ Sands to fines ratio (SFR) / fines content 

¶ Clay content 

During 2021, ILF  Phase 5 pilot produced 1.9 Mm3 of ILF treated tailings, which is equivant to 5.8% of total 
produced total thickened tailings volume during the same time period. During ILF operations, dosage was 
maintained around 1000 g/t and fluctuated between 800 g/t and 1200 g/t. Figure 6-7 illustrates initial solids 
content and 7 day solids content measured from process data. As expected, initial solids content was 
maintained around 20%, and 7 day solids content tended to reach 30%. Figure 6-8 shows clay content and 
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SFR information determined from lab testing of ILF process samples. Over 80% clay content and around 
0.5 SFR demonstrated the fines and clay dominant nature of this FT material. 

 

 
Figure 6-7:  Initial and 7 day solids content from process data 

 
Figure 6-8:  Measured Clay Content and SFR of ILF material from process samples 

 

The deposition area was sampled twice to help delinate the ILF material within TT deposit. The first 
sampling was conducted during early July and second sampling was carried out during early September, 
in conjunction with the larger TT investigation program.  

One of the field investigations was carried out in between ILF deposition and other one was conducted 
towards end of  an ILF deposition period. Therefore, some of the samples might be relatively new in the 
deposit and some other samples could be up to 6 months old. The samples collected during the field 
investigation were tested for material characterisation. The analysed material properties included solids 
content, sand to fines ratio and clay content. In situ properties of the material in the deposit such as in-situ 
strength, pore pressure was also measured using in-situ tests.  SFR and clay content were used to 
delineate ILF material within top layer of the deposit in the general ILF deposition area; In general, samples 
with less than 1 SFR within the top 3-4 m of the deposit were considered to be ILF material).    

Figure 6-9 shows solids content SFR and clay content of samples obtained from both sampling programs 
and measured in-situ strength. There is a possibility that some of these samples are influenced from by co-
deposited TT and/or CST material.  
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Figure 6-9:  Solids Content SFR and Clay Content of ILF material in deposit 

 

In summary, ILF process data demonstrate expected ILF treatment performance. The results of the field 
pilot deposit surveillance demonstrated better than expected performance from ILF treated FT material 
compared to lab estimates. Co-deposition/interlayering of ILF product with relatively high SFR / low clay, 
thickened tailings and/or coarse sand tailings may further improve overall deposit performance. This will be 
an area of investigation and the field pilot is expected to continue over the next few years.   

The ILF treatment of FT is an excellent opportunity to use excess capacity of the current treatment system 
to increase overall fines treatment capacity.  

6.2.4 Inline Flocculation Onsite Fluid Tailings Pilot Phase 5 Extension 
Request 

An extension request for the ILF Phase 5 field pilot was submitted on July 28, 2021 and approved on 
December 20, 2021. This extension request proposes to integrate the Phase 4 ILF field pilot extension with 
the Phase 5 ILF field pilot. 

As part of Imperialôs continuous improvement efforts, the long-term deposition strategy for the EETA is 
co-deposition of ILF of all FFT sources (WETA pond, EETA pond and TT runoff) with TT, CST, and EILF 
of all FFT sources. Imperial requested that the field Phase 5 pilot be extended to September 30, 2024 to 
evaluate co-deposition of TT, ILF treated WETA FFT, ILF treated EETA FFT and EILF treated WETA FFT. 
It is also expected that some CST will be inter-layered/co-deposited into the pilot deposition area due to 
proximity to the causeways and Centre Dyke. 

The combination of co-deposition of various tailings streams will be evaluated over two years in 2022 and 
2023 to provide sufficient time to determine variability in the FFT source and operational challenges 
(i.e., discharge outlet locations and discharge schedule). 

The proposed location for the field pilot will remain in the TT deposition area but will shift to centre around 
the Centre Causeway.  The field pilot size will change depending on the flow properties of the treated 
material.  
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There is also potential overlap between the Phase 5 extension deposit and the Phase 3 extension field pilot 
deposit in the TT deposition area. The Phase 3 extension field pilot focused on evaluating the long-term 
co-deposition strategy (i.e., ILF treated EETA FFT, ILF treated WETA FFT, TT and CST). The overlapping 
deposit area will be included in the surveillance program and learnings will be considered in the long-term 
deposition strategy.  The AER in the December 20, 2021 approval has combined applications for the Phase 
3 and Phase 5 extensions field pilots approvals under one application called ñILF pilotsò.   

The process and surveillance plan would also remain the same as described in the original application. A 
field investigation would be carried out after deposition was completed and is tentatively scheduled for 
October 2023. Updates on the extension pilot will continue to be provided in the annual Tailings 
Management Report. 

6.2.5 Enhanced Beach Fines Capture 

Imperial requested authorization from Alberta Energy Regulator (AER) on 20 February 2020 and received 
approval on 24 February 2020 to carry out the Enhanced Beach Fines Capture pilot. 

The field pilot evaluated the potential to reduce generation of fine fluid tailings (FFT) by injecting CO2 into 
coarse sand tailings (CST) to enhance beach fines capture. The pilot also investigated associated changes 
in material properties with respect to geotechnical parameters, tailings parameters and water chemistry. 

The objectives of the pilot were to: 

¶ evaluate changes to geotechnical parameters across the cell and beach (e.g., liquefaction potential, 
and shear strength); 

¶ evaluate changes to tailings parameters across the cell and beach (e.g., beach slopes, fines 
capture, and fines content distribution); and 

¶ compare CST release water chemistry with and without CO2 addition. 

Due to seasonal and operational complexities, the full scope of the Enhanced Beach Fines Capture pilot 
could not be executed. Although internal causeway cells were constructed hydraulically with two full 
thickness lifts to allow for geotechnical and fines content assessment, the beaches were insufficiently thick 
(i.e., less than 1 lift thickness), to allow for a geotechnical assessment. Therefore, a reduced tailings 
parameter assessment was carried out on beach areas. 

The CO2 field pilot was carried out over three months, from October to December 2020, which included 
commissioning, deposition, and field investigation. Deposition was completed in two lifts for the cells in 
October and November 2020 and was monitored by in-situ instrumentation (vibrating wire piezometers), by 
video, and by field investigations. Field investigations consisted of test pitting after each lift and a drilling 
and sampling program in December 2020. 

The field pilot leveraged the existing facilities to transport CST from the injection site to the deposit location. 
An injection skid was installed to add CO2 into the pipeline that transports CST to the East External Tailings 
Area (EETA). The deposit location for the field pilot was along an internal causeway outside of the thickened 
tailings (TT) deposition area and perimeter dyke structural zones in the EETA (Figure 6-10).  
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Figure 6-10: Approximate Pilot Location 

The CST with CO2 addition was deposited as part of routine upstream cell construction and beaching 
activities adjacent to CST without CO2 addition cell and beach as shown in Figure 6-11. 

Pilot Location 
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Figure 6-11: CST with and without CO2 Addition Areas 

 

The location of the pilot minimized potential impacts to deposit geotechnical properties by allowing for 
construction of a half size cell (i.e., approximately 250 m width instead of 400 m width for a full-size cell) 
outside of the perimeter dyke structural zone. The half size cell was in between two full size cells that were 
constructed of CST with no addition of CO2. The field pilot location allowed for the use of mitigation 
measures (e.g., track packing of the beaches) if required.  The area of the half size cell construction also 
included an associated area for beaching although beaching activities were uncommon during pilot 
execution. 

Deposited material consisted of two lifts in each track-packed cell (i.e., with and without CO2). The final cell 
thicknesses ranged from approximately 5 m to 8 m in the CST without CO2 addition and 7 m to 8 m in the 
CST with CO2 addition. The final beach above water (BAW) thickness across both the CST with and without 
CO2 addition areas ranged between approximately 0.5 m to 2 m, which is significantly less than one lift 
thickness. 

For the CST with no CO2 addition, beach deposition was completed using the open-ended pipe discharge 
method. For Lift 1, the beach was dominated by a large, channelized flow showing the erosion gully and 
tailings deposition within and beyond the test area. For Lift 2, as the beach was built up, a relatively more 
uniform beach was observed. 

For the CST with CO2 addition, at the beginning of deposition it was recognized that the beach was not built 
up as fast as required and the deposition method was switched from the open-ended discharge to a spoon 
discharge (about halfway through the beaching period). The spoon discharge was used to dissipate 
deposition energy, minimize beach cut and aid the beach development. During Lift 1 beaching, it was 
observed that the tailings deposition was governed by a large, channelized flow type with little to no uniform 
beach build up. For Lift 2, only cell construction was completed and there was no beaching executed. 

Key performance indicators (KPIs) of the process and deposit were measured per the surveillance plan, by 
readily available instrumentation (e.g., in-situ vibrating wire piezometers for the deposit) and by field 
sampling methods combined with laboratory testing of samples. Visual, video graphic and photographic 
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monitoring was also carried out during deposition. During pilot execution, the plan for the deposit was 
revised to reflect the limited deposition in the beach area. 

For the process data, the tailings and CO2 injection flow rates were recorded using an inline flow meter. 
The stream density was measured using an inline density meter upstream of the CO2 injection site. Tailings 
stream samples were collected using an autosampler at the plant. The samples were then sub-sampled 
and tested for solids and fines contents.  

For the tailing deposit data, tailings samples were collected using a sonic aqua-lock sampler. The samples 
were then sub-sampled and tested for solids and fines contents. 

The effect of CO2 addition on CST is discussed below with respect to three key areas of interest: tailings 
parameters (fines content), geotechnical parameters (liquefaction potential), and release water chemistry.  

A tailings parameter assessment was carried out by Thurber Engineering Ltd. for both deposit cells and 
BAW areas based on process data and laboratory testing of stream and deposit samples.  

Table 6.2-1 and Table 6.1 summarize the deposit data for the BAW laboratory tests and the cell sample 
laboratory tests, respectively. Table 6.2-3 provides the average fines content and calculated fines capture 
for the two deposit cells. 

 

Table 6.2-1 Summary of Beach Above Water Results 

Description 
CST with no CO2 addition CST with CO2 addition  

Lift 1 Lift 2 Lift 1 Lift 2(7) 

Average dry density from field tests (tonne/m3) (1,2) 1.57 - 1.58 - 

Average solids content from samples (%) (2,5) 79.8 83.5 79.6 - 

Average fines content from samples (%) (2,6) 7.1 7.4 9.6 - 

Average SFR from samples 13.2 12.6 9.4 - 

Deposit average solids content from samples (%) (5) 82.0 79.6 

Deposit average fines content from samples (%) (6) 7.2 (SD=3.0) (8) 9.6 (SD=3.7) (8) 

Deposit average SFR from samples 12.8 9.4 

Volume (m3) (3) 33,042 74,956 37,912 - 

Mass of solids (tonne) (4) 51,752 - 59,807 - 

Notes:  

1. The average dry densities were based on the in-situ density testing after construction of each lift.  
2. Arithmetic average was used to calculate average values. 
3. The volumes were based on the selected analysis boundaries and aerial survey on the following time frames: 1) 

before tailings deposition on September 25, 2020; 2) after Lift 1 beaching on October 20, 2020; and 3) after Lift 2 
beaching on December 3, 2020.  

4. The mass of solids was based on the volumes, average dry densities.  
5. Solids content is the solids content (geotechnical, including bitumen) based on ASTM D2216. 
6. Fines content is the mineral fines content based on the laser diffraction method (excludes bitumen). 
7. CST with CO2 addition Lift 2 was not conducted in the BAW. 
8. SD = standard deviation. 
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Table 6.1-2 Summary of Cell Results 

Description 
CST with no CO2 addition CST with CO2 addition  

Lift 1 Lift 2 Lift 1 Lift 2 

Average dry density from field tests (tonne/m3) (1,2) 1.72 1.65 1.71 1.70 

Average solids content from samples (%) (2,5) 91.4 93.5 91.0 91.1 

Average fines content from samples (%) (2,5,7) 10.7 11.8 10.2 10.1 

Average SFR from samples 8.3 7.4 8.8 8.9 

Deposit average solids content from samples (%) (2,5)  93.0 91.1 

Deposit average fines content from samples (%) (2,5,7) 11.6 10.1 

Deposit average SFR from samples 7.6 8.9 

Volume (m3) (3) 60,572 24,442 63,208 36,966 

Mass of solids (tonne) (4) 103,901 40,242 108,317 63,002 

Notes:  

1. The average dry densities were based on the in-situ density testing after construction of each lift.  
2. Arithmetic average was used to calculate average values. 
3. The volumes were based on the selected analysis boundaries and DEMs on the following time frames: 1) before 

tailings deposition on September 25, 2020; 2) after Lift 1 beaching on October 20, 2020; and 3) after Lift 2 beaching 
on December 3, 2020.  

4. The mass of solids was based on the volumes and average dry densities.  
5. For non-CO2 cell, data from test hole UGR03 was used for solids and fines content calculation. Test holes UGR01 

and UGR02 with their locations within the cell perimeter berms were not used. 
6. Solids content is the solids content (geotechnical, including bitumen) based on ASTM D2216. 
7. Fines content is the mineral fines content based on the laser diffraction method (excludes bitumen). 

 

Table 6.2-3 Average Fines Content and Calculated Fines Capture for the Beach Above Water 

Material 
Fines content, 

FC44 (%) 
SFR 

Fines capture 
(%) 

Non-CO2 CST stream to beach 11.4 7.8 
60 

Non-CO2 CST beach 7.2 12.9 

CO2 treated CST stream to beach 13.0 6.7 
71 

CO2 treated CST beach 9.6 9.4 

 

The field trial data and associated data evaluations indicate that CO2 addition to CST potentially enhances 
both fines content and fines capture of the CST BAW deposit. Considering that for the CST with CO2 
deposition the discharge method was switched from open-ended pipe to spoon, part of the additional fines 
capture is due to the lower energy discharge enviroment created by the spoon. Therefore, this significant 
increase in fines capture cannot be all attributed to the effect of CO2 treatement. In other words, in absence 
of a spoon, the increase in fines capture in day to day beaching operations will likely be lower than the 
values observed in this trial. 

A liquefaction assessment was carried out by Thurber Engineering Ltd for both deposit cells. The deposit 
thickness in the beach area was insufficient for the liquefaction assessment. Both cells were constructed 
hydraulically with dozer track packing as part of routine upstream cell construction.  

The assessment was based on the cone penetration tests (CPTs) results carried out by ConeTec 
Investigation Ltd. in December 2020. The summary of CPT soundings and location are shown in Figure 6-
12. 
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Figure 6-12: CPT Sounding Locations 

The liquefaction assessment found that the track-packed CST in both cells (the CST with and without CO2 
addition) is dilative and non-liquefiable based on the Qtn,cs method and the on state parameter methods.   

The CPT results were also plotted on the modified Qtn - Fr chart (Robertson, 2016) which indicates that 
the material is dilative sand (SD) except for some sampling points collected near surface. This data cannot 
be relied upon due to CPT inaccuracies at shallow depths. The soil behaviour types are in line with the 
liquefaction assessment findings discussed above; the material tested in the track-packed cell is dilative 
(i.e., non-liquefiable). 

Release water samples were taken from both cells during deposition and submitted to a local laboratory for 
testing. The average of the results is summarized in Table 6.2-4 for the parameters that increased in the 
release water upon addition of CO2. Analytical results indicate that addition of CO2 increased dissolved 
cations concentrations and bicarbonate in the water. Dissolution of additional cation and bicarbonate may 
be due to the slight decrease in pH; however, pH in general remained above neutral for release water 
samples from both CST with and without CO2 addition. 
  














































