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1 Executive Summary 

The 2021 Mildred Lake Annual Tailings Management Report has been completed in accordance 
with the requirements outlined in Section 6.2, condition 21 of Directive 085 - Fluid Tailings 
Management for Oil Sands Mining Projects (Directive 085), as well as clauses 15, 16 and 31 of Oil 
Sands Conservation Act (OSCA) Commercial Scheme Approval No. 8573R. This is the third annual 
report submission since the approval of the Mildred Lake Tailings Management Plan (TMP) on July 
16, 2019. 
 
There are five tailings facilities currently in operation at Mildred Lake, including the Mildred Lake 
Settling Basin (MLSB), South West Sand Storage (SWSS), South West In-Pit (SWIP), North Mine 
South Pond (NMSP), and North Mine South Pond East Deep Cake (NMSPE Deep Cake). MLSB 
and SWSS are the only out-of-pit (above ground) facilities at the site. The tailings facilities vary in 
their primary functions, contents and sizes. The MLSB, SWSS, SWIP, NMSP and NMSPE Deep 
Cake currently provide fluid and solid tailings storage for the site.  East In-Pit (EIP) is in the final 
stages of landforming and reclamation for closure purposes and Base Mine Lake (BML) is a water 
capped tailings demonstration pit lake in the former West In-Pit (WIP) tailings facility. 
 
Composite tailings (CT), centrifuge cake, and flocculated tailings (fFFT) are the currently approved 
fluid tailings treatment technologies in commercial-scale operation at Mildred Lake. A total volume 
of 5.0 Mm3 of centrifuge cake was produced during the year. 
 
Syncrude continued to advance the development of several additional tailings technologies in 2021. 
The various tailings technology field tests, pilots and demonstrations that Syncrude is actively 
pursuing include water-capped tailings (via the Base Mine Lake demonstration pit lake, as 
described above), flocculated tailings (also referred to as accelerated dewatering), and tailings co-
deposition. In addition to internal research and development projects, Syncrude also continued to 
participate in activities that support regional research initiatives through Canada’s Oil Sands 
Innovation Alliance (COSIA). The learnings from Syncrude and COSIA’s research initiatives have 
been and will continue to be leveraged to ensure that the tailings technology options are well 
understood and can be successfully implemented at Syncrude. 
 
An annual tailings deposit measurement program was completed in 2021.  The measured volume 
of fluid tailings at Mildred Lake was 553.7 Mm3, including 32 Mm3 of Ready to Reclaim fluid tailings.  
The Mildred Lake site is operating at management level 1.  The measured 2021 fluid tailings are 
below the approved new fluid tailings fluid profile.  The measured 2021 fluid tailings inventories are 
above the approved legacy tailings profile but remains below the 20% legacy FT profile deviation 
trigger.  The volume of free-water stored in the fluid tailings facilities decreased by 19.5 Mm3 in 
2021.  The estimated change in fluid tailings volume inventory as a result of consolidation is 2.0 
Mm3.  Adequate fluid tailings storage capacity is available at Mildred Lake based on the 5 year 
projection. 
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Surface water is managed on site to minimize the potential for environmental effects from tailings 
activities. Surface water within the site is primarily managed through two major ditch networks. 
Water that has come into contact with the plant and mine areas, as well as water that has been 
collected via tailings seepage control systems is managed through the recycle water ditch network 
which is part of the industrial wastewater system; whereas, non-process affected water is managed 
through the clean water ditch network. These networks are managed separately to ensure that 
process affected water is retained on site for use within the plant and non-process affected water 
is returned back to the environment as much as possible. 

 
Groundwater monitoring continued in 2021. The program is designed to monitor the effects of oil 
sands mining, bitumen extraction and associated activities on the surface and subsurface waters 
across Mildred Lake Site.  Annual sampling was completed in 2021 to monitor for potential physical 
changes (water level) and chemical changes (water chemistry).   
 
Engagement with local Indigenous communities on tailings management and Base Mine Lake is a 
focus area for Syncrude. Unfortunately, due to ongoing restrictions and precautions associated with 
the COVID-19 pandemic, Syncrude faced challenges engaging with community members in 2021. 
As a result, the annual tailings forum was held virtually (online) with representatives from several 
local Indigenous communities on December 6, 2021.  Any tailings related feedback received over 
the course of engagement is tracked by Syncrude for future reference; this information is not 
provided in this compliance report. Outstanding concerns and areas of interest from engagement 
on tailings management and Base Mine Lake will continue to form the basis of future engagement.  
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2 Introduction   

2.1 Regulatory Overview 
 
As per Section 6 (Fluid Tailings Management Reporting) of Directive 085 - Fluid Tailings 
Management for Oil Sands Mining Projects (Directive 085), operators are required to submit an 
annual fluid tailings management report to the AER by April 30 for the previous year’s performance.  
The following 2021 Mildred Lake Annual Tailings Management Report has been completed in 
accordance with the requirements outlined in Section 6.2 condition 21 of Directive 085, as well as 
clauses 15, 16 and 31 of OSCA Commercial Scheme Approval No. 8573R (the approval). 
 
Table 2-1 below outlines the AER annual fluid tailings reporting requirements and the sections in 
this submission which satisfy the requirements. 
 

Table 2-1 Concordance Table 

Requirement Section 

Directive 085 – Section 6.2 

21)  Operators must submit annual fluid tailings management reports to the AER by April 30 for 
the previous year’s performance (January to December), in the electronic format specified 
by the AER. It must include the following sections and information. 

Executive Summary 

An operator must submit a summary of fluid tailings management activities during the 
reporting period, including fluid tailings treatment and placement operations (showing 
alignment with the reclamation plan), technology development, and contingency or 
mitigation actions initiated in response to fluid tailings volume profile deviations or 
threshold exceedance, if any. 

1 

Fluid Tailings Volume Reporting Requirements 

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

4.1 

 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). 

4.1 

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

3.4 

 Identify the management level (as described in the TMF) that the operation’s 
performance falls within. 

4.1 

 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. 

NA 



 
 
 
 
 
 
 

 

 
Suncor Energy (Syncrude) Operating Inc.  11 

Requirement Section 

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

6 

 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, 
- total volume of water at the beginning of the reporting period, 
- total volume of water at the end of the reporting period, 
- characterization of the quality of water, and 
- the volume and quality of water recovered from fluid tailings and runoff from 

RTR tailings. 

4.3 

 Provide information about fines that were not captured, which form fluid tailings, 
including 
- quantity of fines in the ore processed during the reporting period, and 
- quantity of fines in fluid tailings. 

5 

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

4.1 

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

3.1 

 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). 

4.1, 4.3 

 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. 

5.2 

 For each fluid tailings treatment technology, 
- provide volume of fluid tailings treated and where they were placed; 
- provide chemical and physical properties of the treated fluid tailings and the 

water recovered from treatment; and 
- if the technology is not performing as predicted, provide mitigation measures to 

rectify performance (address any impacts on the deposit performance). 

3.4, 4.3 

Monitoring Reporting Data Requirements 

For each monitoring dataset required in the annual fluid tailings management report, 
 identify any uncertainties and 
 explain the dataset adequacy. 

4.4 

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

 

 a map and tabular data showing the survey locations of tailings deposits; N/A 

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

4.5 

 for each deposit containing treated and placed fluid tailings, 4.2 
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Requirement Section 

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

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

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

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

4.2 

Inadequate Deposit Performance 

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

 

 describe the contributing causes to under-performance; NA 

 describe mitigation and contingency plans from the fluid tailings management 
plan that have been implemented to manage performance; 

NA 

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

NA 

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

NA 

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

NA 

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. 

NA 

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: 

 

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

7 

 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 

7.1, 7.2 

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

7.3 
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Requirement Section 

 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 

7, 8 

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.  

8 

Commercial Scheme Approval No. 8573R 

31) The Operator shall, in addition to any reporting required by Directive 085, provide in the 
annual fluid tailings management report: 

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

3.2 

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

3.4 

(c) for each composite tailings deposit, monitoring data including representative 
cross-sections to illustrate the variation of the following: 
(i) solids and clay content; 
(ii) sand to fines ratio; 
(iii) effective stress; 
(iv) pore water pressure; 
(v) settlement; 
(vi) any other parameter considered relevant by the operator; and 
(vii) any other parameter specified by the AER; 

4.5 

(d) monitoring results evaluated on a quarterly basis or such other basis as the 
AER may stipulate in writing, for the centrifuge tailings and composite tailings 
plant operation performance, including; 
(i) the variation of properties of the treated tailings and the released water; 

3.4 

(e) for each treated fluid tailings deposit, representative cross-sections illustrating 
deposit consolidation; 

4.5 

(f) Kc clay, and suitable overburden material use in tailings treatment or capping 
over the year, and available for the five years following the end of the reporting 
period; 

5.1 

(g) results from measurement for froth treatment tailings; and 5.3 

(h) any other parameters specified in writing by the AER.  

15)  The operator is required to 
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Requirement Section 

(a) engage with stakeholders and indigenous communities on the activities undertaken in 
respect of tailings management, including research and monitoring; 

(b) engage with stakeholders and indigenous communities on its water-capping technology 
demonstration, including research and monitoring; 

(c) conduct an annual forum with stakeholders and indigenous communities as part of the 
engagement activities required under (a) and (b); and 

(d) report to the AER in the annual fluid tailings management report for Mildred Lake on its 
engagement efforts undertaken in the reporting period. 

16) The report in clause 15 shall include the following: 

(a) how the stakeholders and indigenous communities were identified for 
engagement; 

9 

(b) a list of stakeholders and indigenous communities identified; 

(c) objectives for engagement, including gathering input and feedback on tailings 
management, research and monitoring from stakeholders and indigenous 
communities; 

(d) the type of engagement activity that was undertaken, and the tailings 
management, research and monitoring information that was provided to each 
stakeholder and indigenous community; 

(e) the specific frequency and duration of the engagement with each stakeholder 
and indigenous community; 

(f) what specific feedback was provided by each stakeholder and indigenous 
community; 

(g) what specific feedback on this report was provided by each stakeholder and 
indigenous community; 

(h) how the Operator has included stakeholder and indigenous community 
feedback in their tailings management, research and monitoring; 

(i) how the Operator has included stakeholder and indigenous community 
feedback in respect to its water-capping technology demonstration, including 
research and monitoring; 

(j) how the Operator has shared results from research and monitoring with each 
stakeholder and indigenous community; 

(k) how the Operator addressed any outstanding concerns of stakeholders and 
indigenous communities arising from engagement; 

(l) a discussion of any unresolved concerns; and 

(m) outcomes from the annual forum(s). 
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2.2 Operations Overview 

2.2.1 Production 

Oil sands mining is achieved through truck and shovel surface mining technology.  The oil sand 
ore is mixed with warm water and delivered to a primary extraction facility using hydro-transport 
technology.  The extraction facility’s role is to separate the bitumen from the oil sand.  
 
The materials remaining after bitumen is extracted from oil sand are called tailings.  The tailings 
are a mixture of sand and a fluid component which consists of water, silt, clay and some residual 
hydrocarbons and salts, which are found naturally in oil sand deposits.  The tailings are distributed 
hydraulically via a network of pipelines and deposited into in-pit or out-of-pit tailings storage 
facilities.  The tailings storage facilities serve two important purposes – firstly, they serve as the 
primary recycle water source for use in bitumen processing, and secondly, they serve as 
containment areas for both treated and untreated fluid tailings.  As surface mining advances, new 
in-pit containment dykes are constructed and additional in-pit tailings storage facilities are 
established, as required. 

2.2.2 Tailings Treatment Overview 

The primary tailings management challenge is typically considered to be the long period of time it 
can take for some of the smallest solid components to settle within the fluid portion of the tailings, 
often referred to as fluid fine tailings (FFT).  As a result, fluid tailings (FT) often require treatment 
in order to meet reclamation and mine closure objectives, depending on the desired end land use 
goals.   
 
The three tailings technologies included in the Mildred Lake 2016 Tailings Management Plan (TMP) 
are composite tailings, FFT centrifugation (cake) and water capped tailings technology. In addition, 
Syncrude applied for and received regulatory approval to implement the flocculated tailings 
technology in 2021, which will be a key component of Mildred Lake’s updated TMP that is required 
to be submitted in 2023.  

2.2.2.1 Composite Tailings 

Syncrude commenced FFT centrifugation technology on a commercial demonstration scale in 
2012.  The densified FFT product is referred to as centrifuge cake (or cake).  FFT is withdrawn by 
a dredge situated in an existing fluid tailings pond.  After initial screening of the FFT, gypsum and 
a polymer solution are added in the FFT stream and it is fed into a centrifuge.  Several centrifuges 
are utilized in parallel to handle the desired volumes.  The rotating speed and angle of the centrifuge 
control the amount of densification of the tailings.  The resulting cake product is then fed onto a 
conveyor belt to a load out area where the material is transferred into haul trucks which transport 
the material to the cake deposit.  The lighter phase in the centrifuges exits as centrate which is 
collected and then pumped back to the fluid tailings pond.  Cake produced from the FFT 
centrifugation commercial demonstration was placed in thin lifts at the W1/SWSS cake deposit.  In 
2015, Syncrude began commissioning a full scale FFT centrifugation plant. This centrifuged cake 
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is currently being placed in a deep in-pit deposit in North Mine South Pond East (NMSPE). An 
overview schematic of the CT technology is shown in Figure 2-1 below. 
 

 

Figure 2-1 Composite Tailings Schematic 

2.2.2.2 FFT Centrifugation (Cake) 

Syncrude commenced FFT centrifugation technology on a commercial demonstration scale in 
2012.  The densified FFT product is referred to as centrifuge cake (or cake).  FFT is withdrawn by 
a dredge situated in an existing fluid tailings pond.  After initial screening of the FFT, gypsum and 
a polymer solution are added in the FFT stream and it is fed into a centrifuge.  Several centrifuges 
are utilized in parallel to handle the desired volumes.  The rotating speed and angle of the centrifuge 
control the amount of densification of the tailings.  The resulting cake product is then fed onto a 
conveyor belt to a load out area where the material is transferred into haul trucks which transport 
the material to the cake deposit.  The lighter phase in the centrifuges exits as centrate which is 
collected and then pumped back to the fluid tailings pond.  Cake produced from the FFT 
centrifugation commercial demonstration was placed in thin lifts at the W1/SWSS cake deposit.  In 
2015, Syncrude began commissioning a full scale FFT centrifugation plant. This centrifuged cake 
is currently being placed in a deep in-pit deposit in North Mine South Pond East (NMSPE). 

2.2.2.3 Flocculated Tailings 
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Flocculated tailings2 is a low energy fluid tailings management technology that Syncrude began 
developing in 2007, which produces fines-dominated deposits. Syncrude has conducted various 
stages of research and development involving Accelerated Dewatering (ADW), beginning with 
bench scale testing in 2007, and progressing through various phases of field pilots to 2018. 
Through the progression of the ADW research and development, Syncrude has improved the in-
line FFT coagulation-flocculation process such that the properties of the flocculated tailings are 
similar to the properties of centrifuge cake. An overview of the flocculated tailings technology 
development activities is provided in section 7. 
 
The flocculated tailings process involves pre-treating the fluid tailings with a coagulant, followed by 
in-line flocculation with polymer. The additives used in the process are the same as those used for 
centrifuge cake. First, the FFT is pre-treated with a coagulant (such as FGD solids or gypsum) to 
neutralize the surface charge of the fine particles in the fluid tailings. A water-soluble polymeric 
flocculant (similar to those used in municipal water treatment) is then added to the pre-treated FFT 
to bind the fine particles together and form larger structures called “flocs”, which can then be 
efficiently separated from the water. Mixing of the FFT and the pre-treatment coagulant occurs 
upstream of the polymer mixing. In-line mixers are then used to ensure proper mixing of the FFT 
and the polymer flocculant, in order to achieve the desired properties for successful dewatering. 
After flocculation, the mixture is pumped through a pipeline to the desired placement location. 
Syncrude obtained approval to deposit flocculated tailings in NMCP, with production targeted to 
begin in 2022. 

2.2.2.4 Water Capped Tailings Technology 

Base Mine Lake (BML) is a demonstration pit lake containing water-capped FFT that Syncrude 
commissioned in 2012.  The facility is now independent from the site’s integrated tailings systems.  
In this deposit (formerly called and referred to in this report as West In-Pit or WIP), fluid fine tailings 
have been capped with several meters of water allowing the FFT to steadily densify over time.  
Several monitoring and research initiatives are in place to study the performance of the deposit as 
it progresses along the trajectory towards closure.  

2.2.3 Industrial Wastewater Control System 

Syncrude's industrial wastewater control system consists of: 
 

- An interconnecting network of recycle water ditches, pumps and pipelines which ultimately 
transport and store the industrial process affected and surface runoff water from plant and 
mine areas; and 

- Active tailings facilities that have sufficient retention time to facilitate settling of solids, 
allowing water to be recycled for bitumen production operations. 

 

                                            
2 The in-line flocculated tailings process was developed through the Accelerated Dewatering (ADW) field pilots. 
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Clarified water recycled from the industrial wastewater control system accounts for a majority 
(>85%) of Syncrude process water usage.  Syncrude water management practices focus on 
minimizing Athabasca River water diversion, maximizing recycle of process affected water and 
responsibly managing the storage of process affected water. 
 
An overview of Syncrude’s industrial wastewater control systems for the Mildred Lake and Aurora 
North sites is provided in Figure 2-2.  Additional information can be found in section 8 of this report. 
 

 

Figure 2-2 Syncrude Industrial Wastewater Control Systems 
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3 Tailings Management 

3.1 Tailings Deposits 
 
A map of tailings facilities at the Mildred Lake site as of the end of 2021 is shown in Figure 3-1.  
Table 3-1 provides a summary of the function of each tailings facility.  Table 3-2 shows the surface 
area for the fluid portion of each of the deposits. 

3.1.1 MLSB  

The Mildred Lake Settling Basin (MLSB) is located north of the Syncrude Plant site, bordered to 
the east by Highway 63 and to the west by the North Mine.  
 
The MLSB was the initial external tailings facility for Syncrude.  It provided the only storage for 
coarse tailings sand, fines and recycle water from 1977 until 1991.  The construction of the MLSB 
facility was completed to its final crest elevation in 1995.  
 
The MLSB provides storage for fluid fine tailings, petroleum coke solids, flotation tailings (Stream 
73), froth treatment tailings (Plant 6) and recycle water (RCW).  RCW is transferred from the MLSB 
to the RCW Pond via siphon system. In 2015, the MLSB became the source of FFT and RCW for 
the “centrifuge full scale plant” (generally known as the “FFT Plant”). In 2021 FFT was also 
transferred from the MLSB to NMSP via dredge.  
 
Seepage Sump transfers fluid on the North East side of the MLSB, Seepage Sump collects water 
that has been pumped from North Mine. Fluid is transferred from the RCW Pond and the Effluent 
Pond into the South side of the MLSB.  
 
In 2021, petroleum coke solids continued to be deposited on the west side of the pond and is 
transferred from the existing deposit locations via dredge, and placed along the north beach of 
MLSB. 
 
Plant 6 tailings continued to be deposited in the southeast area of the MLSB.  Plant 6 tailings 
dredging operations commenced in 2014 and continued through 2021 to create additional space 
for Plant 6 and in 2021 it was deposited on the east side of the MLSB, further north from the current 
discharge. 
 
Stream 73 Flotation tailings deposition occurred in 2021 on the east side of the MLSB (north of the 
Plant 6 dredging discharge).  

3.1.2 SWSS 

The South West Sand Storage (SWSS) facility is located in the southwest corner of the Mildred 
Lake lease, approximately 3 km west of the South West In-Pit (SWIP) facility.   
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SWSS was commissioned in 1991 with three coarse tailings systems and a fluid return system.  
The facility continued to provide storage for coarse tailings solids and was the source of FFT for 
the Commercial Demonstration Centrifuge Plant (2012 – 2015). 
 
No coarse tailings were deposited in SWSS in 2021. FFT was deposited into SWSS from SWIP via 
dredge and RCW was transferred from SWSS to SWIP via siphon in 2021.  

3.1.3 WIP (BML) 

The West In-Pit (WIP) facility is located within the mined out Base Mine area, immediately west of 
southbound Highway 63.  
 
WIP was the first in-pit tailings storage facility at Syncrude.  Operation of the deposit began in 1995, 
primarily as a storage facility for fluid fine tailings and recycle water supply for plant operations.  
 
WIP was commissioned as Base Mine Lake (BML) in 2012.  The creation of BML has removed the 
WIP facility from the tailings placement circuit at Syncrude. 

3.1.4 EIP 

The East In-Pit (EIP) facility is located within the mined out Base Mine area, west of the Suncor 
lease and bordered by Highway 63 to the east, north, and west, and Gateway Hill to the south.  
 
EIP was commissioned as a tailings storage facility in 1999.  It was the primary deposition area for 
CT upon commercial implementation of the technology in 2000.  CT deposition in EIP was complete 
as of July 2011.  The facility has also been a deposition area for coarse tailings.  Coarse tailings 
was deposited in 2021 to support landform construction in preparation for subsequent reclamation 
material placement.  Closure landform shaping was conducted primarily in the east and southern 
areas of EIP.  
 
In 2021, a stilling well system was used to collect and pump fluids (tailings process water and 
environmental inflow) from the west side of EIP and discharged on the south side of SWIP.   
 
As EIP is in the final stages of landforming and reclamation for closure purposes this is the last 
year that cross sections will be included in the report.  The cross section provided this year shows 
that there is no fluid tailings remaining in the EIP; the only small amount remaining is being handled 
with the stilling well system. 

3.1.5 SWIP 

The South West In-Pit (SWIP) facility is located within the mined out Base Mine area, west of the 
WIP facility.  SWIP Junior is at the north end of the SWIP deposit and is comprised of a CT and 
coarse tailings deposit.  CT deposition in SWIP Jr. was completed in 2011 and some sand capping 
has occurred.  Fluids from the coarse tailings placement flow into SWIP Major.  There were no 
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coarse tailings deposition in SWIP Jr. in 2021.  SWIP Maj. forms the large southern portion of the 
SWIP deposit. The area is utilized for composite tailings and coarse tailings deposition. In 2021, 
only coarse tailings were placed in SWIP Major.  SWIP continues to be a source of recycle water 
for plant operations.   
 
In 2021, FFT was transferred to SWSS from SWIP via dredge, water was transferred from SWSS 
to SWIP via siphon system, and RCW was transferred from NMSP to SWIP via dredge. Tailings 
process water and environmental inflow was transferred from EIP to SWIP via stilling wells, and 
environmental inflow was transferred from Beaver Creek Sump to SWIP via fluid transfer pumps.  

3.1.6 NMSP 

NMSP is the first tailings deposit area within the North Mine.  The deposit is contained by in-situ pit 
wall on the south, east and west sides while the East-West Dyke 1 provides containment to the 
north.  A berm on the east side of the pond separates the deposit into a storage area of centrifuge 
cake on the east side of the berm and a storage area of coarse tailings and CT on the west side of 
the berm.  NMSP started receiving coarse tailings and CT in the west side in the fourth quarter of 
2013. Coarse tailings deposition began in the east side in 2016. 
 
In 2021, a fluid transfer system (dredges) at the south end of NMSP provided RCW return to SWIP. 
FFT was transferred to the North East side of NMSP from the MLSB via dredging, and fluid was 
pumped from NMSPE Centrifuge FFT Deep Cake Deposit to the South East side of NMSP.  

3.1.7 NMSPE Centrifuge FFT Deep Cake Deposit 

The deep cake deposit portion of the NMSP facility is separated from the main tailings pond by a 
berm constructed of overburden material.  The deposit is contained by the berm to the west, the 
Sulphur platform and Ta-Tw Dyke to the east, in situ pit wall to the south and the EW Dyke 1 to the 
north. 
 
Cake deposition commenced in 2015 when the full scale FFT centrifuge plant was commissioned.  
The cake material is deposited by trucks into multiple chutes located at the north east corner of the 
deposit and along the partition berm that separates the cake deposit from main tailings pond.  Cake 
has been built up in the north and the west, with cake being at a lower elevation in the south and 
east.  Cake release water and precipitation runoff flow to the south east and are dewatered regularly 
with a land based pumping system.  There is also regular dewatering efforts to manage localized 
water bodies that get isolated on the western portion of the deep cake deposit. 
 
In the 2016 TMP, Syncrude indicated that cake placement in the North Mine South Pit (NMSP) 
cake deposit would be completed in 2020 and cake placement in the North Mine Centre Pit (NMCP) 
facility would begin. However, as indicated in the response to the Supplemental Information 
Request for the Mildred Lake 2019 Annual Tailings Management Report (submitted on August 10, 
2020), shortfalls in centrifuge cake production since 2016 has resulted in the NMSP cake deposit 
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being considerably lower than planned, which is expected to delay the NMSP cake placement 
milestone by roughly 2-3 years, based on current cake production rates. The delay in the NMSP 
cake milestone subsequently results in a delay for the start of cake placement in NMCP by roughly 
the same timeframe, if no further action is taken. 
 
Syncrude has considered the potential deposition of a number of alternative materials into the 
NMSP cake deposit to raise the elevation and increase containment space availability, including 
overburden (OB), SCT, CT, and petroleum coke. A thorough assessment was completed, resulting 
in OB and SCT being chosen as the preferred materials with the highest probability for success, 
and which could be implemented within the required timeframe. In May 2020, Syncrude informed 
the AER and received approval for placement of overburden inside the DCD, around the perimeter 
of the deposit. The intent of the overburden placement is to displace shallow cake (not to cap) 
around the edge of the deposit, or to lessen the volume of future cake required by placing 
overburden slightly above the current cake elevation. A combination of material from the north mine 
waste shovels, and waste material removed from the SECD footprint, was placed in the southern 
DCD infilling area up to a present elevation of approximately 308 m.  In 2021, Syncrude proposed 
additional infilling material types be utilized in the DCD area, and hydraulically placed coarse 
tailings sand (sand) to be introduced around the west side of the deposit where its impact on the 
Ta-Tw Dyke system was determined to be negligible. This plan was approved March 26, 2021 by 
the AER. Placement of sand in the north west corner of the deposit began in June 2021, and 
pipeworks were established to deliver sand into the south west corner in the fall of 2021, continuing 
into 2022. Approximately 1.3 Mm3 was placed in the north west deposit and 0.1 Mm3 placed in the 
south west deposit in 2021. Placement of sand is expected to continue in summer 2022, with 
approximately 3.5 Mm3 allocated to the DCD. 
 
In 2021, fluid was pumped from south side of the NMSPE Centrifuge FFT Deep Cake Deposit to 
the South East side of NMSP as SCT was deposited. 

3.1.8 W1/SWSS Centrifuge FFT Thin Cake Deposit 

The W1/SWSS cake deposit was the first deposit for centrifuge cake on the Mildred Lake site.  The 
cake placed on W1/SWSS was deposited in thin lifts.  The deposit received material from the FFT 
centrifuge commercial demonstration plant from 2012 to 2015.  The centrifuge demonstration plant 
ceased operation in Q4 2015 upon start-up of the full scale centrifuge plant. There was no new 
tailings activities in this area.  Deposit monitoring results were provided in the 2014/2015 Tailings 
Report. Reclamation activities commenced in 2017 and are ongoing. 
 
A map of tailings facilities at the Mildred Lake site as of the end of 2021 is shown in Figure 3-1. 



 
 
 
 
 
 
 

 

 
Suncor Energy (Syncrude) Operating Inc.  24 

Table 3-1 provides a summary of the function of each tailings facility.  Table 3-2 shows the surface 
area for the fluid portion of each of the deposits. 
 
Table 3-1 Tailings Deposit Summary 

Facility Function Contents 

MLSB 

- Plant recycle water source 
- Fluid storage 
- Solids storage 
- FFT source for centrifuge plant 

- Recycle water 
- Fluid fine tailings 
- Froth treatment tailings 
- Flotation tailings 
- Petroleum coke 
- Coarse tailings sand 
- Centrifuge plant centrate 

SWSS 
- Solids storage 
- Fluid storage 

- Recycle water 
- Fluid fine tailings 
- Coarse tailings sand 

BML (WIP) 
- Water capped tailings 

demonstration 
- Treated tailings deposit 

- Fresh water 
- Recycle water 
- Sequestered fluid fine tailings 

EIP 
- Solids storage 
- Fluid storage 
- Treated tailings deposit 

- Composite tailings 
- Coarse tailings sand 
- Recycle water 
- Fluid fine tailings 

SWIP 

- Fluid storage 
- Solids storage 
- Plant recycle water source 
- FFT source for CT plant 
- Treated Tailings storage 

- Recycle water 
- Coarse tailings sand 
- Composite Tailings 
- Fluid fine tailings 
- CT cyclone overflow 

NMSP 
- Fluid storage 
- Solids storage 
- Treated Tailings storage 

- Coarse tailings sand 
- Composite Tailings 
- Fluid fine tailings 
- Recycle water 

NMSPE – Deep Cake 
- Solids storage 
- Treated Tailings storage 

- Centrifuged FFT cake 
- Overburden 
- Coarse tailings sand 

W1/SWSS Cake 
- Solids storage 
- Treated Tailings storage 

- Centrifuged FFT cake 
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Table 3-2 Tailings Deposit Size 

Deposit 
Surface Area1 

(ha) 

MLSB 454 

SWSS 1,628 

BML (WIP) 800 

EIP 3 

SWIP 248 

NMSP 721 

NMSPE – Deep Cake 120 

1 Surface area of fluid portion of pond 

A site-wide tailings line layout is shown in Figure 3-2.  
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3.2 Tailings Storage Capacity 
 
Table 3-3 Deposit Storage Capacity 

Facility 
Available Capacity1 

(Mm3) 

MLSB 2.0 

SWSS 3.7 

EIP 0.0 

SWIP 0.4 

NMSP 31.9 

NMSPE – Deep Cake2 13.0 

1. Available fluid storage capacity is based on fluid volumes projected to year end 
2. Actual storage capacity is dependent on the NMSP fluid elevation 
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Figure 3-3 Mildred Lake Projected Storage Capacity* 

*Fluid volume and storage capacity does not include BML since BML is not used for active tailings 
storage 
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Figure 3-4 Mildred Lake Settling Basin Fluid Storage 
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Figure 3-5 South West Sand Storage Fluid Storage
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Figure 3-6 South West In-Pit Fluid Storage 
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Figure 3-7 North Mine South Pond Fluid Storage 
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Figure 3-8 North Mine South Pond East Deep Cake Storage 
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Figure 3-9 North Mine Center Pond Cake Storage 
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Figure 3-10 North Mine North Pond Fluid Storage 
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Figure 3-11 Mildred Lake Settling Basin Fill and Capacity* 

*Solids Tailings fill volume does not include coarse tailings sand used in the dyke construction 
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Figure 3-12 South West Sand Storage Fill and Capacity* 

*Solids Tailings fill volume does not include coarse tailings sand used in the dyke construction 
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Figure 3-13 South West In-Pit Fill and Capacity 
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Figure 3-14 North Mine South Pond Fill and Capacity 
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Figure 3-15 Mildred Lake Cake Fill and Capacity 
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Figure 3-16 North Mine North Pond Fill and Capacity 
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3.3 Coarse Tailings Sand Production and Use 
 
Table 3-4 Coarse Tailings Sand Use – Cell Construction 

Location Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

NMSP Mm3 0.9 0.6 1.2 0.8 0.2 0.2 0.4 0.2 0.9 0.5 0.9 0.3 7.1 

SWIP Mm3 0.0 0.0 0.0 0.0 0.1 0.2 0.3 0.2 0.0 0.2 0.0 0.0 1.0 

EIP Mm3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total Mm3 0.9 0.6 1.2 0.8 0.3 0.4 0.7 0.4 0.9 0.7 0.9 0.3 8.1 

 
Table 3-5 Coarse Tailings Sand Use – Beaching 

Location Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

NMSP Mm3 3.2 2.6 1.6 2.2 2.3 0.2 1.8 2.1 2.2 2.4 2.6 1.0 24.2 

SWIP Mm3 0.7 1.2 0.7 1.3 0.7 0.3 0.7 1.1 0.1 0.7 0.2 0.1 7.8 

EIP Mm3 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.0 0.4 

NMSPE 
– Deep 
Cake 

Mm3 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.7 0.1 0.0 0.0 0.0 1.4 

Total Mm3 3.9 3.8 2.3 3.5 3.0 0.8 2.9 4.1 2.5 3.1 2.8 1.1 33.8 

 

3.4 Tailings Treatment 

3.4.1 Volumes 

An overview of the Mildred Lake tailings treatment technologies is provided in section 2.2.2. Syncrude 
is aligned with the objective of the Tailings Management Framework for the Mineable Athabasca Oil 
Sands (TMF), which states: 
 

“Fluid tailings accumulation is minimized by ensuring that fluid tailings are treated and 
reclaimed progressively during the life of a project and all fluid tailings associated with a project 
are ready to reclaim within 10 years of end of the mine life of that project. The objective will be 
achieved while balancing environmental, social, and economic needs.” 

 
The volume of accumulated fluid tailings is identified as the primary indicator to be used in the TMF 
to effectively manage and decrease liability and environmental risk resulting from the accumulation of 
fluid tailings on the landscape. A key principle of the TMF is to drive innovation and proving of 
technology with the intent of enhancing certainty around fluid tailings treatment, and the eventual 
achievement of the outcomes of the framework. 
 
Syncrude is supportive of the AER’s outcome- and risk-based approach to managing fluid tailings, as 
outlined in Directive 085 (section 2). As reported in section 4, the Mildred Lake site’s legacy fluid 
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tailings inventory is above the approved profile, however it remained below the 20% profile deviation 
trigger in 2021. Syncrude’s approach to fluid tailings management considers the principles identified 
in the TMF and Directive 085 (section 3), specifically including: 
 

 Consider the net environmental effect of tailings management; 

 Holistic approach to tailings management; 

 Incorporates continuous improvement and considers timeliness, flexibility, and adaptability; 

 Manage and decrease risk; 

 Pursue cost-effective solutions; 

 Technological innovation; and 

 Transparency. 

Syncrude did not produce CT in 2021. The primary focus to address lower than planned fluid tailings 
treatment volumes at Mildred Lake continues to be on centrifuge cake production and commercializing 
the flocculated tailings technology; since these technologies are capable of removing higher volumes 
of fluid tailings from the inventory while being independent of oil sands ore production. Syncrude has 
also continued its extensive research and development activities associated with the water-capped 
tailings technology, as reported in the Base Mine Lake monitoring and research summary reports 
submitted in accordance with Syncrude EPEA Approval No. 26-03-00, as amended (condition 7.5.16). 
 
 
The annual volume of fluid fine tailings treated and the corresponding volumes of treated tailings 
deposited is shown in Table 3-6.   
 
The cake volume and FFT feed to the centrifuge plant are calculated using a combination of 
instrumentation and sampling data.  
 
Table 3-6 Volumes of Treated Fluid Fine Tailings 

FFT Feed to Centrifuge Plant Mm3 5.9 

Cake Volume (NMSPE) Mm3 5.0 

 
 
A material balance, including water, bitumen, fines, and coarse sand for the tailings streams 
associated with centrifuged cake are provided in Table 3-7. 
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Table 3-7 Cake Material Balance 

   2019 Q1 2020 
   Average Average 

FFT To Centrifuges 

Bitumen Mt 0.3 0.2 

Water Mt 3.0  

Solids Mt 2.8  

Coarse (>44um) Mt 0.3  

Fines (<44um) Mt 2.5  

Cake 

Bitumen Mt 0.3 0.2 

Water Mt 2.3  

Solids Mt 2.8  

Coarse (>44um) Mt 0.3  

Fines (<44um) Mt 2.5  

Centrate 

Bitumen Mt 0.0 0.0 

Water Mt 0.7  

Solids Mt 0.0  

Coarse (>44um) Mt 0.0  

Fines (<44um) Mt 0.0  

 
 
Table 3-8 Mildred Lake Cake Assumptions and Material Densities used in Calculations 

Densities 

Bitumen 1.01  t/m3 

Solids 2.63  t/m3 

Water 1.00  t/m3 

Centrifuged Cake 2019 Avg Q1 2020 Avg  

% Fines in FFT Sent to Cake 90.9  % 

% Bitumen in Cake 6 5 % 

FFT In-Situ Cw 48.5  % 

FFT In-Situ Cv 26.4  % 
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3.4.2 Properties 

Table 3-9 Mildred Lake FFT Centrifuged Cake Quarterly % Solids (including bitumen) 

Quarter Average % Solids (including bitumen) 

Q1 54.0 

Q2 52.3 

Q3 53.9 

Q4 50.9 

 
Table 3-10 Mildred Lake FFT Centrifuged Cake Monthly % Solids (including bitumen) 

 
Month Average % Solids (including bitumen) 

January 53.8 

February 56.3 

March 52.7 

April 51.7 

May 52.7 

June 53.2 

July 54.4 

August 54.8 

September 52.4 

October 52.2 

November 50.6 

December 50.4 

2021 52.8 

 

3.4.3 Performance and Improvements 

No significant changes were made to the FFT centrifugation plant in 2021. 
 
The cake task force which was formed in 2019, consisting of representatives from both technical and 
operations, collaborated to improve feed quality and supply to the centrifuge plant.  Results of the 
2021 MLSB sampling program were used to generate a block model of the deposit. The model was 
then used to locate areas with optimal fluid tailings material for the dredges to target for plant 
feed.  These areas were communicated to leaders via weekly operations meetings to ensure the 
dredges were working in the most appropriate feed areas.  Multiple locations were planned and 
communicated to operations to allow for changes to be made in the field when feed quality was no 
longer within acceptable targets. As a result of this collaboration and use of field data, cake production 
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improved by roughly 35 percent compared to plan.  This production increase was related to the time 
period that the block model information was used to determine dredging locations. 
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4 Tailings Measurement 

4.1 Fluid Tailings 
 
The Mildred Lake site is operating at management level 1.  The 2021 new fluid tailings inventory is 
below the approved new fluid tailings profile. The 2021 legacy fluid tailings inventory is above the 
approved legacy tailings profile but remains below the 20% legacy FT profile deviation trigger. 
 
The fluid volumes reported in Table 4-1 show the mid-year survey volumes (as measured), as well as 
the projected year-end volumes. 
  
Table 4-1 Fluid Tailings Volumes 

Facility 
Measured FT Volume1 

(Mm3) 
Projected Year-End FT 

Volume2 (Mm3) 
RTR Volume3 

(Mm3) 

MLSB 121.2 119.0 N/A 

SWSS 137.1 141.3 N/A 

BML (WIP) 169.1 169.1 N/A 

EIP 0.1 0.0 0.0 

SWIP Major 23.6 19.3 1.0 

NMSP 73.9 78.4 2.4 

NMSPE Deep 
Cake 

28.7 31.5 28.6 

Total 553.7 558.6 32.0 

1. Volumes as measured, including RTR volume 
2. Estimated year-end FT volume including RTR volume 
3. Measured 2021 volumes based on RTR criteria of 65% solids by weight for CT and RTR criteria 

of 50% solids by weight for cake 
 

The Mildred Lake site summary of all annual fluid tailings volumes, as per the accounting table in 
Directive 085 (Appendix 3) is provided in Table 4-2.  The approved new and legacy profiles with the 
actual FT volumes and thresholds are provided in Figures 4-1 and 4-2. 
 
The estimated change in fluid tailings volume inventory as a result of consolidation is 2.0 Mm3.
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Table 4-2 Accounting Table 
 

 
 
 
 
 
 
 

 
 
 
 
 

Year
Previous Year 

New FT 
Inventory

Previous Year 
Legacy FT 
Inventory

Fluid Tailings 
Inventory1

Change in 
New FT 

Inventory

Change in 
Legacy FT 
Inventory

New FT 
Inventory

Legacy FT 
Inventory

Submitted 
Profile New 
FT Inventory

Submitted 
Profile Legacy 
FT Inventory

New FT 
Rolling 
Profile 

Deviation % 
Difference

Legacy FT 
Rolling 
Profile 

Deviation % 
Difference

2014 ---- ---- ---- ---- ---- 0.0 469.6 0.0 469.6 ---- ----
2015 0.0 469.6 472.6 15.8 -12.8 15.8 456.8 14.6 461.7 8% -1.1%
2016 15.8 456.8 494.8 31.1 -8.9 46.9 447.9 31.1 449.0 29% -0.7%
2017 46.9 447.9 483.1 -1.2 -10.4 45.6 437.5 54.3 433.1 14% -0.1%
2018 45.6 437.5 493.5 20.8 -10.5 66.5 427.1 71.4 417.9 9% 0.5%
2019 66.5 427.1 501.7 14.7 -6.6 81.2 420.5 93.8 400.9 4% 1.4%
2020 81.2 420.5 518.9 21.5 -4.3 102.7 416.2 102.6 385.9 3% 3.1%
2021 102.7 416.2 521.6 11.1 -8.4 113.8 407.8 128.1 369.2 0% 4.4%

All volumes are in millions of cubic metres

1 - Non-RTR Fluid Tailings
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Figure 4-1 Mildred Lake Approved New Fluid Tailings Volume Profile 
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Figure 4-2 Mildred Lake Approved Legacy Fluid Tailings Volume Profile 
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4.2 Ready to Reclaim Fluid Tailings 
 
The approved RTR criteria for Mildred Lake is shown in Table 4-3.  
 
Table 4-3 Mildred Lake RTR Criteria 

Deposit Subobjective RTR Criteria 

Composite 
Tailings (CT) 
Deposits 

Subobjective 1 

65 per cent solids content by weight within 1 year of tailings 
placement, based upon deposit sampling 

75 per cent solids content by weight within 1 year after sand 
capping of deposit, based upon deposit sampling 

Subobjective 2 
Groundwater is monitored as required by Environmental 
Protection and Enhancement Act (EPEA) Approval No. 26-03-
00, as amended or renewed 

Centrifuged 
Cake Deep 
Deposits 

Subobjective 1 
50 per cent solids content by weight within 1 year of tailings 
placement, based upon deposit sampling 

Subobjective 2 
Groundwater is monitored as required by Environmental 
Protection and Enhancement Act (EPEA) Approval No. 26-03-
00, as amended or renewed 

Flocculated 
Tailings 
Deposits 

Subobjective 1 
50 per cent solids content by weight within 1 year of tailings 
placement, based upon deposit sampling 

Subobjective 2 
Groundwater is monitored as required by Environmental 
Protection and Enhancement Act (EPEA) Approval No. 26-03-
00, as amended or renewed 

 
The measured properties of the CT within EIP, SWIP, and NMSP were assessed in 2021 with 
respect to the Subobjective 1 RTR criteria of 65% solids by weight.  The 2021 RTR volumes are 
provided in Table 4-1 and are shown graphically for the SWIP deposit in Figures 4-18 and 4-19, 
and NMSP in Figures 4-35 and 4-36.   
 
The measured properties of the centrifuge cake within NMSPE Deep Cake were assessed in 2021 
with respect to the Subobjective 1 RTR criteria of 50% solids by weight. The 2021 RTR volumes 
are provided in Table 4-1 for NMSPE Deep Cake. NMSPE Deep Cake RTR material is shown 
graphically in Figure 4-55. 
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The fluid tailings meet Subobjective 2; groundwater has been monitored as required by 
Environmental Protection and Enhancement Act (EPEA) Approval No. 26-03, as amended.  
Groundwater monitoring data is provided in Section 8.2.  

 
Syncrude is not proposing any changes to the RTR indicators or criteria at this time. The SWIP and 
NMSPE deposits are in the “Tailings Placement” phase and EIP is in the reclamation and closure 
phase, as per the deposit milestones in Appendix D of Mildred Lake OSCA Approval 8573R. 

4.3 Water Volumes and Quality 
 
Table 4-4 Recycle Water Inventory by Facility  

Facility 
Beginning of 

reporting period1 
(Mm3) 

As Measured2 
(Mm3) 

Projected Year-End 
Volume3 (Mm3) 

MLSB 8.1 10.8 10.5 

SWSS 33.0 29.5 27.9 

BML (WIP) 69.5 71.6 71.4 

EIP 0.1 0.0 0.0 

SWIP Major 19.5 14.6 18.4 

NMSP 39.2 30.1 21.7 

NMSPE 
Deep Cake 

0.0 0.0 0.0 

Total 169.4 156.6 149.9 

1. Water volumes at end of 2021 projected from 2019 deposit sampling 
2. Water volumes as measured at the time of deposit sampling in 2021 
3. Water volumes at end of 2021 projected from 2021 deposit sampling 

 
An integral part of Syncrude’s water management is assessing on-site water quality via the 
collection of recycle water samples from in-pit and out-of-pit tailings structures. In addition, the pore 
water present in the fluid fine tails (FFT) is also sampled and characterized. Samples are submitted 
to Syncrude’s Research Laboratory and external accredited laboratories for analysis of organic and 
inorganic constituents. Because the tailings structures are hydraulically integrated (i.e. the outflow 
of one pond is an inflow to another, etc.) differences in the water quality between the ponds is, in 
general, not significant. In 2021, samples were strategically collected from the following tailings 
deposits: 
 

- MLSB 

- SWIP 

- NMSP 
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The results from the 2021 annual tailings water sampling program are provided in Tables 4-5 to 4-
21. 

4.4 Data Adequacy 
 
Syncrude expects that the data is adequate to satisfy the conditions of Directive 085 and OSCA 
Commercial Scheme Approval No. 8573R. 
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4.5 MLSB
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Table 4-5 MLSB - General Chemistry of Recycle Water and FFT 

 

DL
Surface 

Water1

0.5 4.9 9.9 14.9 19.9 24.9 29.9 33.3
1 6 11 16 21 26 29.4

348.7 344 339 334 329 324 319 316

pH (units) 8.07 8.50 8.31 8.44 8.34 8.39 8.39 8.50
Conductivity (uS/cm) 2 3000 2700 4100 4000 4100 4100 4200 4300
Temperature (°C) 15.7 16.4 17.0 18.1 18.6 19.3 18.6 18.2
Dissolved Solids (mg/L)** 10 1600 1600 2500 2400 2500 2500 2600 2600
Solids Content (g/100g) <0.04 29.3 44.8 59.2 66.3 68.6 73.7 77.3

Alkalinity (Total as CaCO3) (mg.L-1)** 0.5 525 847 1253 1032 1102 1101 1099 1134

Chemical Oxygen Demand (mg.L-1)** 5 322 - - - - - - -

Biological Oxygen demand (mg.L-1) 2 16 - - - - - - -

Redox Potential (mV) 169 - - - - - - -

Phenols (ug.L-1)** 2 40 42 10 3.0 4.0 5.0 6.0 4.0

Tannin & Lignins (mg.L-1)** 0.4 5.5 - - - - - - -

Cyanide (ug.L-1)** 2 60 12.0 2.4 2.1 2.3 2.2 2.3 <2

MBAS (mg.L-1)** 0.10 - 0.44 0.41 0.38 0.28 - - -

Sulphides (ug.L-1) 2 4.0 300 29.0 16.0 61.0 8.1 15.0 19.0

Hydrogen Sulphide (ug.L-1) 2 5.0 320 30.0 17.0 65.0 8.6 16.0 20.0

Methyl Hg (ng/L) 0.02 <0.02 <0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Mercury (Hg) (ng/L) 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Arsenic (As) (ug/L) 0.20 13.8 49.2 13.6 14.1 20.2 18.8 14.6 14.1
Selenium (Se) (ug/L) 0.20 24.3 1.31 0.64 0.57 0.75 1.05 0.83 1.59
Boron (B) (mg/L) 2 1.96 1.66 1.89 2.28 2.17 2.03 2.3

Total Pet. Hydrocarbon (mg.L-1) 2 14.6 34800 31310 21100 11360 14200 4950 6900

Bitumen Content (% by wt.) 0.01 <0.01 5.99 5.38 2.53 1.69 2.29 1.43 1.52
Naphtha Content (% by wt.) 0.01 <0.01 0.58 0.03 0.03 0.04 0.04 0.01 0.01
Total PAH's (mg/Kg) 0.01 <0.01 473 387 270 172 185 86 81
Alkylated PAH's as % of Total PAH's 94 98 98 98 98 98 98 98

Dis. Inorganic Carbon ((mgC.L-1)** 1 130 260 340 290 300 330 300 300

Dis. Organic Carbon (mgC.L-1)** 2.5 45 58 43 49 56 53 57 58

Naphthenic Acids (mg.L-1) 2 56 67 53 68 70 65 70 72

Citrate (mg.L-1) 1 <1 <1 <1 <1 <1 <1 <1 <1
Na/Cl Ratio (meq/meq) 2.53 2.40 1.99 1.78 1.89 1.92 1.84 1.96
Major Ion Ratio (∑Cat/∑An meq/meq) 0.99 0.98 0.93 0.94 0.95 0.95 0.95 1.00

Hardness (as mg/L CaCO3)** 95 89 141 90 70 74 54 59

Rainbow Trout LC50 (% by vol) 18 - - - - - - -

Rainbow Trout (% survival at 96 hrs.) 0 - - - - - - -

Daphnia Magna LC50 (% by vol) >100 - - - - - - -

Daphnia Magna EC50 (% immobility) 50 - - - - - - -

Microtox IC50 (% by vol) 43 - - - - - - -

Microtox IC20 (% by vol) 15 - - - - - - -

o-Phosphate (ugP.L-1) 3 11 24 100 140 140 110 200 210

Total Phosphorous (ugP.L-1) 3 180 120 120 160 120 93 170 120

Ammonia (mgN.L-1) 0.15 15 11 14 7.9 9.7 9.7 8.9 8.2

Nitrite (ugN.L-1) 10 16 12 <10 13 <10 <10 <10 <10

Nitrate (ugN.L-1) 10 <10 <10 <10 <10 <10 <10 <10 <10

Nitrate + Nitrite (ugN.L-1) 10 <10 12 <10 19 <10 <10 <10 <10

Total Nitrogen (mgN.L-1) 0.5 21 12 14 8.5 9.1 9.3 9.5 9.3

Silicon (mg.L-1) 0.10 3.1 3.2 3.5 4.3 4.5 3.7 3.3 3.2

Sodium (Na+) 2.5 640 560 850 820 880 870 930 990

Potassium (K+) 0.3 9.1 11 14 13 14 14 12 13

Magnesium (Mg+2) 0.2 9.6 10 17 12 9.5 10 7.7 8.6

Calcium (Ca+2) 0.3 22 19 28 16 12 13 8.6 9.4

30.2 26.7 40.5 38.1 40.4 40.0 42.1 44.9

Fluoride (F-) 0.05 2.2 2.7 1.6 2.8 2.7 2.8 3.1 4.0

Chloride (Cl-) 5 390 360 660 710 720 700 780 780

Bromide (Br-) 0.015 0.34 0.28 0.40 0.43 0.48 0.47 0.51 0.52

Sulphate (SO4
=) 5 430 4.6 3 5.7 6.5 22 18 19

Carbonate (CO3
=) 0.5 10 31 14 29 12 21 20 41

Bicarbonate (HCO3
-) 0.5 620 970 1500 1200 1320 1300 1300 1300

30.4 27.2 43.7 40.8 42.5 42.2 44.3 45.0

1: Free Water Zone above FFT interface (0.45u filter-passing). 
2:  Fine Tails Pore Water (Centrifuged and filtered).
** Samples centrifuged at 30 000g, then filtered (0.45u filter-passing).

General

Acute Toxicity

Nutrients

Total Cations (meq/L)

i) Cations  (mg. L-1)

Major Ions (mg. L-1)

Total Anions (meq/L)
MLSB: May 12, 2021. Coordinates (UTM): 6325580N, 461250E. Surface elevation: 349.3m (AMSL). FFT elevation: 345.4m. 

Sample Depth (m)
Depth into FFT Zone (m)

Sample Elevation (AMSL) (m)

Fluid Fine Tailings (FFT)2

ii) Anions  (mg. L-1)
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Table 4-6 MLSB - Solids Fraction Profiles in FFT 

 

Sample Depth (m) 4.9 9.9 14.9 19.9 24.9 29.9 33.3
Depth into FFT Zone (m) 1 6 11 16 21 26 29.4

Sample Elevation (AMSL) (m) 344.4 339.4 334.4 329.4 324.4 319.4 316
Solids Content (g/100g) 29.3 44.8 59.2 66.3 68.6 73.7 77.3
Fines Content (-44um/(-44um+w)) 31.1 46.3 55.9 57.8 61.0 63.3 68.1
Fines Content (-22um/(-22um+w )) 29.6 44.0 51.8 52.5 56.3 58.5 63.3
Fines Content (-11um/(-11um+w)) 25.1 37.4 44.9 45.0 49.2 51.4 56.3
Fines Content (-5.5um/(-5.5um+w)) 20.2 30.7 37.7 37.7 41.9 44.1 48.9
Fines Content (-2.8um/(-2.8um+w)) 14.0 23.0 28.9 29.2 33.0 35.1 39.7
SFR** (>44um / <44um) 0.00 0.05 0.22 0.51 0.50 0.71 0.71
Bitumen (g/100g) 5.99 5.38 2.53 1.69 2.29 1.43 1.52
Naphtha (g/100g) 0.58 0.03 0.03 0.04 0.04 0.01 0.01
Calc. Density (g/ml) 1.22 1.38 1.58 1.70 1.74 1.84 1.92

Size Fraction
1440um 100 100 100 100 100 100 100
900um 100 100 100 100 100 100 100
720um 100 100 100 100 100 100 100
500um 100 100 100 100 100 100 100
360um 100 100 100 100 100 100 100
250um 100 100 100 99.9 99.8 99.2 99.3
180um 100 100 99 96 96 91 92
125um 100 99 94 87 86 79 80
88um 100 97 90 79 78 70 71
62um 100 97 86 72 72 64 64
44um 100 96 82 66 66 58 59
31um 97 92 75 59 60 52 52
22um 93 87 69 53 55 48 47
16um 85 79 62 47 49 42 42
11um 74.1 66.5 52.7 39.4 41.1 35.8 35.3
7.8um 65.5 57.8 45.9 34.2 35.9 31.3 30.8
5.5um 55.9 49.3 39.0 29.2 30.7 26.7 26.3
3.9um 45.6 40.7 32.2 24.2 25.5 22.2 21.9
2.8um 36.0 33.2 26.2 19.9 20.9 18.3 18.1
1.9um 26.3 25.4 20.4 15.6 16.4 14.4 14.2
1.4um 19.9 19.8 16.3 12.5 13.1 11.5 11.4
1.um 13.9 14.1 12.0 9.27 9.73 8.56 8.48
0.7um 8.82 8.82 8.02 6.15 6.49 5.69 5.65
0.5um 5.19 4.91 4.88 3.72 3.96 3.44 3.43
0.35um 2.53 2.12 2.44 1.84 1.98 1.69 1.71
0.25um 1.03 0.69 1.01 0.75 0.82 0.69 0.70
0.18um 0.33 0.15 0.33 0.24 0.27 0.22 0.23
0.13um 0.07 0.01 0.07 0.05 0.06 0.04 0.05
0.10um 0.01 0.00 0.01 0.00 0.01 0.00 0.00

Mean Particle Size (um) 4.2 5.2 8.7 15.4 14.7 19.7 19.7

**Solids and Hydrocarbons expressed as mass per 100g.  Fines fraction expressed as "mass of solids fraction/(mass of water + mass of solids 
fraction)".  SFR (Sand to Fines Fraction): Sand (solids>44um) to Fines (solids <44um) ratio.

***PSD determined using Coulter Laser Diffraction method at SCL Research Dept. Reported as relative fraction of solids fraction (%) .

PARTICLE SIZE DISTRIBUTION*** (% solids less than)

MLSB: May 12, 2021. Coordinates (UTM): 6325580N, 461250E. Surface elevation: 349.3m (AMSL). FFT elevation: 345.4m. 

Fluid Fine Tailings (FFT)**
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Table 4-7 MLSB - Elemental Content of Recycle Water and FFT Pore Water 

 
 
 
 

Depth from Surface (m) DL 0.5 DL 4.9 9.9 9.9 14.9 19.9 24.9 29.9 33.3

Depth into FFT Zone (m) 1 6 6 11 16 21 26 29.4
Sample Elevation (m) (AMSL) 348.7 344 339 339 334 329 324 319 316

Conductivity (uS/cm) 3000  2700 4100 4100 4000 4100 4100 4200 4300
Solids Content (wt.%) 0.05 29.3 44.8 44.8 59.2 66.3 68.6 73.7 77.3

Bitumen Content (wt.%) <0.01 5.99 5.38 5.38 2.53 1.69 2.29 1.43 1.52

Sodium (Na) 5.0 640 5.0 630 850 740 870 950 950 960 970
Potassium (K) 0.30 9.1 0.30 17.0 19.0 13.0 17.0 16.0 17.0 15.0 13.0
Magnesium (Mg) 0.20 9.6 0.20 17.0 15.0 8.4 16.0 9.1 8.9 8.6 6.7
Calcium (Ca) 0.30 22 0.30 30.0 17.0 11.0 25.0 10.0 11.0 10.0 7.2
Boron (B) 0.1 1.5 0.05 2.0 2.0 1.7 1.9 2.3 2.2 2.0 2.3
Silicon (Si) 0.1 3.3 0.1 3.2 4.3 3.5 4.3 4.5 3.7 3.3 3.2
Strontium (Sr) 0.01 0.74 0.001 0.94 0.85 0.57 1.08 0.69 0.64 0.60 0.51
Sulphur (S) 10 120 3 35.2 70.2 18.4 24.5 16.4 26.0 26.6 43.8

Aluminum (Al) 3.0 28.6 3 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0
Antimony (Sb) 1.0 <1.0 0.5 6.9 <1.0 1.05 0.66 1 1.34 1.84 3.08
Arsenic (As) 0.20 13.8 0.1 49.2 9.1 13.6 14.1 20.2 18.8 14.6 14.1
Barium (Ba) 2.0 458 1 476 370 318 415 275 249 242 180
Beryllium (Be) 0.20 <0.20 0.1 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Bismuth (Bi) 2.0 <2.0 - - - - - - - -
Boron (B) 100 1510 50 1960 1970 1660 1890 2280 2170 2030 2300
Cadmium (Cd) 0.02 <0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Chromium (Cr) 2.0 <2.0 1 1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Cobalt (Co) 0.40 <0.40 0.2 0.27 1.28 0.98 1.01 0.69 1.00 1.01 1.24
Copper (Cu) 0.40 0.92 0.2 6.7 3.1 6.6 18.8 1.8 0.54 6.1 3.6
Iron (Fe) 10 23 0.06 0.07 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
Lead (Pb) 0.40 <0.40 0.2 0.3 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Lithium (Li) 4.0 110 2 87 244 143 231 191 190 179 161
Manganese (Mn) 2.0 36.3 0.004 0.03 0.02 0.03 0.05 0.02 0.02 0.02 0.01
Mercury (Hg) 0.002 <0.002 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Molybdenum (Mo) 2.0 104 1 13.8 60.6 142 68.8 62 145 124 199
Nickel (Ni) 2.0 3.5 1 7.8 5 2.9 3.1 3.5 4.7 4.6 4.2
Selenium (Se) 0.20 24.3 0.1 1.31 0.61 0.64 0.57 0.75 1.05 0.83 1.59
Silicon (Si) 200 3120 100 3200 4270 3480 4260 4490 3650 3280 3170
Silver (Ag) 0.04 <0.04 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Strontium (Sr) 2.0 738 1 937 850 567 1080 690 635 601 513
Thallium (Tl) 0.02 <0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Thorium (Th) 5 <5.0 1 <1.0 <2.0 <1.0 <1.0 <2.0 <1.0 <1.0 <1.0
Tin (Sn) 10 <10 5 <5.0 <10 <5.0 <5.0 <10 <5.0 <5.0 <5.0
Titanium (Ti) 10 <10 5 <5.0 <10 <5.0 <5.0 <10 <5.0 <5.0 <5.0
Uranium (U) 0.20 6.54 0.1 8.7 4.2 4.0 3.6 5.1 10.4 8.1 10.8
Vanadium (V) 10 27 5 8.1 <10 <5.0 <5.0 <10 <5.0 <5.0 7
Zinc (Zn) 10 20 5 9.2 <10 11.2 20.1 <10 <5.0 11.7 <5.0
Zirconium (Zr) 0.20 2.64 0.1 3.7 4.1 3.0 2.6 3.4 4.1 4.7 4.1

1) Free Water Zone above FFT interface (0.45u filter-passing). 
MLSB: May 12, 2021. Coordinates (UTM): 6325580N, 461250E. Surface elevation: 349.3m (AMSL). FFT elevation: 345.4m. 

**Dissolved: 0.45u filter-passing.  Analyzed using ICP/MS (except As, Se, Sb by Hydride AA and Hg by Cold Vapour AA) by Maxxam Analytical.  Major Elements are 
expressed in mg/L, Minor Elements are expressed in ug/L.

Dissolved** Major Elements (mg.L-1)

Dissolved** Trace Elements (ug.L-1)

Water Zone 1 FINE TAILS ZONE (FFT) 2

2) Fine Tails Pore Water (Centrifuged and filtered).
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Table 4-8 MLSB - PAH Concentrations in Recycle Water and FFT 

 

Mol 
wt

Sample Depth (m) DL 0.5 DL 4.9 9.9 14.9 19.9 24.9 29.9 33.3

Depth into FFT Zone (m) 1 6 11 16 21 26 29.4
Sample Elevation (AMSL) (m) 348.8 344.4 339.4 334.4 329.4 324.4 319.4 316.0

Solids Content** (wt%) 0.05 29.3 44.8 59.2 66.3 68.6 73.7 77.3
Hydrocarbon** (wt%) <0.01 5.99 5.38 2.53 1.69 2.29 1.43 1.52
Naphtha** (wt%) <0.01 0.58 0.03 0.03 0.04 0.04 0.01 0.01

Total Parent PAH's  0.03 3.7 0.01 9.8 7.2 5.8 3.3 3.4 1.8 1.6
Total Alkylated PAH's  0.03 57.7 0.01 463 380 264 169 182 84 79
Alkylated PAH's as % of Total  94 98 98 98 98 98 98 98

Quinoline  129 0.20 2.5 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Naphthalene 128 0.10 0.20 0.05 0.39 0.08 0.12 <0.050 0.05 <0.050 <0.050
         2-Methylnaphthalene 142 0.10 0.15 0.05 0.47 0.064 0.14 <0.050 0.061 <0.025 <0.025
         C1-Naphthalene 142 0.10 0.54 0.05 0.78 0.16 0.22 0.083 0.11 0.036 0.028
         C2-Naphthalene 156 0.10 2.5 0.05 2.1 0.84 0.59 0.35 0.44 0.17 0.15
         C3-Naphthalene 170 0.10 10 0.05 13 8.6 6.0 4.2 4.7 2.3 2.1
         C4-Naphthalene 184 0.10 11 0.05 24 18 14 9.2 9.7 4.5 4.3
Acenaphthylene 152 0.10 <0.10 0.05 0.10 0.09 0.06 <0.05 <0.05 <0.05 <0.05
Acenaphthene 154 0.10 0.27 0.05 0.91 0.54 0.45 0.26 0.27 0.15 0.13
Fluorene 166 0.05 0.10 0.05 0.35 0.23 0.36 0.20 0.20 0.11 0.097
         C1-fluorene 180 0.05 0.44 0.05 4.0 3.2 2.8 1.7 1.7 0.89 0.78
         C2-fluorene 194 0.05 1.3 0.05 11 8.9 7.2 4.4 4.6 2.2 2.0
         C3-fluorene 208 0.05 2.8 0.05 30 25 18 11 12 5.3 5.1
Biphenyl 154 0.02 <0.02 0.05 0.09 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
         C1-biphenyl 168 0.02 <0.02 0.05 0.17 0.08 0.05 <0.05 0.051 <0.05 <0.05
         C2-biphenyl 182 0.02 0.47 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phenanthrene 178 0.05 0.12 0.05 4.0 2.3 2.5 1.4 1.2 0.75 0.64
         C1-phenanthrene/anthracene 192 0.05 1.0 0.05 19 12 11 6.6 6.5 3.5 3.1
         C2-phenanthrene/anthracene 206 0.05 2.4 0.05 33 23 18 11 11 5.5 5.1
         C3-phenanthrene/anthracene 220 0.05 3.8 0.05 55 44 32 20 21 9.8 9.4
         C4-phenanthrene/anthracene 234 0.05 1.4 0.05 21 18 11 7.2 8.4 3.6 3.5
Anthracene 178 0.01 0.08 0.04 0.34 0.33 0.17 0.10 0.15 0.07 0.06
Acridine 179 0.04 <0.04 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Dibenzothiophene 184 0.02 0.17 0.05 0.32 0.30 0.14 0.11 0.064 0.077 0.069
         C1-dibenzothiophene 198 0.02 0.76 0.05 15 11 7.2 5.1 5.5 3.0 2.7
         C2-dibenzothiophene 212 0.02 6.3 0.05 61 51 34 23 22 11 9.9
         C3-dibenzothiophene 226 0.02 4.3 0.05 56 44 31 20 22 9.8 9.5
         C4-dibenzothiophene 240 0.02 1.5 0.05 28 24 17 10 11 4.9 4.8
Fluoranthene 202 0.01 0.07 0.05 0.34 0.31 0.18 0.11 0.15 0.07 0.06
Pyrene 202 0.02 0.10 0.05 1.1 0.96 0.59 0.37 0.44 0.20 0.19
         C1-fluoranthene/pyrene 216 0.02 0.60 0.05 5.7 5.3 3.2 2.0 2.4 1.1 1.0
         C2-fluoranthene/pyrene 230 0.02 1.2 0.05 14 14 8.0 5.0 5.9 2.6 2.5
         C3-fluoranthene/pyrene 244 0.02 2.2 0.05 28 26 17 11 14 5.8 5.0
         C4-fluoranthene/pyrene 258 0.02 0.97 0.05 12 14 8.6 5.1 5.9 2.4 2.5
Benzo(a)anthracene 228 0.01 0.03 0.07 0.29 0.29 0.16 0.11 0.12 0.06 0.06
Chrysene 228 0.01 0.04 0.05 0.26 0.19 0.17 0.12 0.13 0.06 0.04
         C1-benzo(a)anthracene/chrysene 242 0.01 0.28 0.05 3.6 3.3 2.1 1.3 1.5 0.68 0.66
         C2-benzo(a)anthracene/chrysene 256 0.01 0.97 0.05 15 14 8.3 5.3 6.3 2.6 2.7
         C3-benzo(a)anthracene/chrysene 270 0.01 0.31 0.05 5.7 5.7 3.2 2.4 2.4 1.0 1.0
         C4-benzo(a)anthracene/chrysene 284 0.01 0.08 0.05 1.5 1.4 0.96 0.66 0.71 0.29 0.30
Benzo(k)fluoranthene 252 0.01 <0.01 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Benzo(a)pyrene 252 0.01 0.02 0.05 0.16 0.17 0.10 0.06 0.07 0.04 0.03
Benzo(e)pyrene 252 0.05 <0.05 0.05 0.40 0.39 0.23 0.15 0.18 0.08 0.08
   C1-benzobjkfluoranthene/benzo(a)pyrene 266 0.01 0.17 0.05 2.4 2.9 1.7 1.2 1.4 0.56 0.54
   C2-benzo(bjk)fluoranthene/benzo(a)pyrene 280 0.01 0.22 0.05 1.7 1.8 1.1 0.71 0.78 0.35 0.36
Benzo(b&j)fluoranthene 252 0.01 0.02 0.05 0.30 0.28 0.17 0.10 0.12 0.05 0.06
Benzo(a)anthracene 252 0.01 0.02 0.05 0.19 0.17 0.11 0.06 0.08 0.04 0.04
Benzo(g,h,i)perylene 252 0.01 0.01 0.05 0.14 0.13 0.08 0.05 0.07 0.03 0.03
Dibenz(a,h)anthracene 278 0.01 <0.01 0.05 0.07 0.07 <0.05 <0.05 <0.05 <0.05 <0.05
Perylene 252 0.05 <0.05 0.05 0.32 0.32 0.19 0.13 0.15 0.06 0.07
Benzo(c)phenanthrene 276 0.05 <0.01 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Indeno(1,2,3-cd)pyrene 276 0.01 <0.01 0.05 0.08 0.08 <0.05 <0.05 <0.05 <0.05 <0.05
Dibenzo(a,e)pyrene 302 0.10 <0.1 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Dibenzo(a,h)pyrene 302 0.10 <0.1 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Dibenzo(a,i)pyrene 302 0.10 <0.1 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Dibenzo(a,l)pyrene 302 0.10 <0.1 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

2) FFT Sample Concentrations reported as mg per Kg of whole FFT.

1) Surface Zone: Concentrations reported as ug per L of whole surface water sample.

GC/MS analyses performed by Maxxam Analytics, Calgary, AB.   

Surface Water 

(ug/L)1

MLSB: May 12, 2021. Coordinates (UTM): 6325580N, 461250E. Surface elevation: 349.3m (AMSL). FFT elevation: 345.4m.

Polycyclic Aromatic Hydrocarbons (PAH) Concentrations

Fluid Fine Tailings (FFT) (mg/kg)2

Polycyclic Aromatic Hydrocarbons (PAH)

PAH Compounds
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Table 4-9 MLSB - VOC Concentrations in Recycle Water and FFT 

 

Sample Depth (m) DL 0.5 DL 4.9 4.9 9.9 14.9 19.9 24.9 29.9 33.3

Depth into FFT Zone (m) 1 1 6 11 16 21 26 29.4
Sample Elevation (ASML) (m) 348.8 344.4 344.4 339.4 334.4 329.4 324.4 319.4 316.0

Hydrocarbon F1 (C6-C10) 100 <100 10 1500 1500 310 1100 360 300 200 180
Hydrocarbon F2 (C10-C16) 100 2.6 10 4600 4700 3700 2800 1400 1700 650 820

1,1,1,2-tetrachloroethane 0.50 <0.50 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
1,1,1-trichloroethane 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
1,1,2,2-tetrachloroethane 2.0 <2.0 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
1,1,2-trichloroethane 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
1,1-dichloroethane 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
1,1-dichloroethene 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
1,2,3-trichloropropane 0.30 <0.30 0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
1,2-dibromoethane 1.4 <1.4 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
1,2-dichlorobenzene 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
1,2-dichloroethane 0.50 <0.50 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
1,2-dichloropropane 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
1,3-dichlorobenzene 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
1,4-dichlorobenzene 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
2-Butanone (MEK) 70 <70 2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
2-Hexanone 50 <50 2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
4-Methyl-2-pentanone (MIBK) 25 <25 1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3
Acetone 50 58 2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
Acetonitrile 10 <10 1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Acrolein 10 <10 10 <10 <10 <10 <10 <10 <10 <10 <10
Acrylonitrile 10 <10 0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Bromodichloromethane 0.50 <0.50 0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Bromoform 0.50 <0.50 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Bromomethane 2.0 <2.0 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Carbon disulfide 1.0 3.1 0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Carbon tetrachloride 0.50 <0.50 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Chlorobenzene 0.50 <0.50 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Chloroethane 1.0 <1.0 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Chloroform 0.50 1.8 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Chloromethane 2.0 <2.0 0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
cis-1,2-dichloroethene 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
cis-1,3-dichloropropene 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Dibromochloromethane 1.0 <1.0 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Dibromomethane 0.50 <0.50 0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Dichlorodifluoromethane 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Dichloromethane 2.0 <2.0 0.03 <0.03 0.033 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Ethanol 1.0 <1.0 1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Ethyl methacrylate 5.0 <5.0 0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
Iodomethane 4.0 <4.0 0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Styrene 0.50 <0.50 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Tetrachloroethene 0.50 <0.50 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total Trihalomethanes 1.3 1.8 - - - - - - - -
trans-1,2-dichloroethene 0.50 <0.50 0.020 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
trans-1,3-dichloropropene 0.50 <0.50 0.020 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Trichloroethene 0.50 <0.50 0.010 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Trichlorofluoromethane 0.50 <0.50 0.020 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

Vinyl chloride 0.50 <0.50 0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003

VOC's as defined in modified headspace US EPA Protocol (Method 8260C) // GC/MS analyses performed by Maxxam Analytics, Calgary, AB.   

MLSB: May 12, 2021. Coordinates (UTM): 6325580N, 461250E. Surface elevation: 349.3m (AMSL). FFT elevation: 345.4m.

2) FFT Samples Concentrations reported as mg per Kg of whole FFT.

1) Surface Zone Samples reported as ug per L. 

Volatile Organic Compound (VOC) Concentrations
Surface Water 

(ug/L)1 Fluid Fine Tailings (FFT) (mg/kg)2

Volatile Organic Compounds
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Table 4-10 MLSB - BTEX Compounds and Hydrocarbon Fractions in Recycle Water and 
FFT 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample Depth (m) DL 0.5 DL 4.9 4.9 9.9 14.9 19.9 24.9 29.9 33.3

Depth into FFT Zone (m) 1 1 6 11 16 21 26 29.4
Sample Elevation (AMSL) (m) 348.8 344.4 344.4 339.4 334.4 329.4 324.4 319.4 316.0

Benzene 0.4 <0.40 0.005 0.93 0.96 0.02 0.02 0.05 0.01 0.02 <0.05
Ethylbenzene 0.4 0.51 0.01 14.0 15.0 0.23 0.10 0.04 0.15 0.05 0.03
Toluene 0.4 0.53 0.02 1.1 1.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
o-Xylene 0.4 2.2 0.02 12.0 12.0 0.24 0.10 <0.02 0.14 0.03 0.02
m & p-Xylene 0.8 3.1 0.05 36.0 37.0 0.66 0.37 0.05 0.35 0.06 0.04
Xylenes (Total) 0.8 5.4 0.05 48.0 47.5 0.89 0.46 <0.05 0.49 0.10 0.06

F1 (C6-C10) 100 <100 10 1500 1500 310 1100 360 300 200 180
F2 (C10-C16) 100 2600 10 4600 4700 3700 2800 1400 1700 650 820
F3 (C16-C34) 100 10000 50 20000 20000 19000 12000 6800 8600 3000 4100
F4 (C34-C50) 200 1000 50 8500 8600 8300 5200 2800 3600 1100 1800

Solids (g/100g) 0.05 29.3 29.3 44.8 59.2 66.3 68.6 73.7 77.3
Bitumen (g/100g) <0.01 5.99 5.99 5.38 2.53 1.69 2.29 1.43 1.52
Naphtha (g/100g) <0.01 0.58 0.58 0.03 0.03 0.04 0.04 0.01 0.01

1) Surface Zone Samples reported as ug per L. 

*BTEX analysis (EPA SW-846) by Maxxam Labs, Calgary, AB using GC/MS (MeOH Ext). EPA Method 8260C. HC Fractions by EPA Method 3510C
** OWS and Naphtha analysis performed at Syncrude Research, Edmonton. Reported as wt.%.

Solids and Hydrocarbon Content**

Hydrocarbon Fractions 

VOLATILE ORGANIC COMPOUNDS (VOC's): BTEX COMPOUNDS* 

MLSB: May 12, 2021. Coordinates (UTM): 6325580N, 461250E. Surface elevation: 349.3m (AMSL). FFT elevation: 345.4m.

Surface 

Water (ug/L)1 Fluid Fine Tailings (FFT) (mg/kg)2

2) FFT Samples reported as mg per Kg of whole FFT.
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4.6 SWIP 
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Table 4-11 SWIP - General Chemistry of Recycle Water and FFT 

 

DL Surface Water1

1 9.8 14.2
- 5.4 9.8

312.9 304.1 299.7

pH (units) 8.42 8.56 8.74
Conductivity (uS/cm) 1 3600 3700 4000
Temperature (°C) 18.4 11.8 10.8
Dissolved Solids (mg/L)** 10 2400 2200 2500
Solids Content (g/100g) 0.04 15.0 71.0

Alkalinity (Total as CaCO3) (mg.L-1)** 0.5 647 688 783

Chemical Oxygen Demand (mg.L-1)** 5 328 265 287

Biological Oxygen demand (mg.L-1) 2 9.8 - -

Redox Potential (mV) 132 - -

Phenols (ug.L-1)** 2 1.7 3.4 2.8

Tannin & Lignins (mg.L-1)** 0.4 3.6 1.8 2.0

Cyanide (ug.L-1)** 10 4.1 7.4 <2

MBAS (mg.L-1)** 0.05 - 0.45 0.55

Sulphides (ug.L-1) 0.01 150 18.0 16.0

Hydrogen Sulphides (ug.L-1) 0.01 160 19.0 17.0

Methyl Hg (ng/L) 0.02 0.08 0.03 0.02
Mercury (Hg) (ug/L) 0.002 <0.002 <0.002 <0.002
Arsenic (As) (ug/L) 0.2 9.0 4.0 10.4
Selenium (Se) (ug/L) 0.2 6.83 5.01 0.97
Boron (B) (mg/L) 0.25 2.25 2.44 2.63

Total Pet. Hydrocarbon (mg.L-1) 2 21 6130 1580

Bitumen Content (% by wt.) 0.01 <0.01 0.34 0.21
Naphtha Content (% by wt.) 0.01 <0.01 0.01 0.01
Total PAH's (mg/L) 0.001 0.01 34.7 26.0
Alkylated PAH's as % of Total PAH's 95 98 98

Dis. Inorganic Carbon ((mgC.L-1)** 1 180 180 210

Dis. Organic Carbon (mgC.L-1)** 2.5 51 42 43

Naphthenic Acids (mg.L-1) 2 58 73 90

Citrate (mg.L-1) 1 <1 <1 <1

Na/Cl Ratio (meq/meq) 2.64 2.18 2.18
Major Ion Ratio (∑Cat/∑An meq/meq) 1.02 1.02 0.96

Hardness (as mg/L CaCO3)** 59 32 27

Rainbow Trout LC50 (% by vol) 57 - -

Rainbow Trout (% survival at 96 hrs.) 0 - -

Daphnia Magna LC50 (% by vol) 92 - -

Daphnia Magna EC50 (% immobility) 20 - -

Microtox IC50 (% by vol) >81 - -

Microtox IC20 (% by vol) >81 - -

o-Phosphate (ugP.L-1) 3 47 62 100

Total Phosphorous (ugP.L-1) 3 220 13 49

Ammonia (mgN.L-1) 0.10 3.5 3.2 3.2

Nitrite (ugN.L-1) 10 24 <10 <10

Nitrate (ugN.L-1) 10 <10 <10 20

Nitrate + Nitrite (ugN.L-1) 10 <10 <10 20

Total Nitrogen (mgN.L-1) 0.10 4.2 3.8 3.7

Silicon (mg.L-1) 0.1 1.99 1.29 2.9

Sodium (Na+) 2.5 820 960 910

Potassium (K+) 0.3 9.6 12 11

Magnesium (Mg+2) 0.2 6.9 4.1 3.6

Calcium (Ca+2) 0.3 12 5.8 4.7

37.1 42.7 40.4

Fluoride (F-) 0.05 3.3 3.7 4.8
Chloride (Cl-) 5 480 680 645
Bromide (Br-) 0.02 0.29 0.41 0.53
Sulphate (SO4

=) 5 470 430 385
Carbonate (CO3

=) 0.5 9.6 24 42
Bicarbonate (HCO3

-) 0.5 770 790 870

36.3 41.9 41.9

Major Ions (mg. L-1)

Total Cations (meq/L)

Total Anions (meq/L)
SWIP: June 18, 2021. Coordinates (UTM): 6317240N, 459380E. Surface elevation: 313.9m (AMSL). FFT elevation: 309.5m. 

** Samples centrifuged at 30 000g, then filtered (0.45u filter-passing).

i) Cations  (mg. L
-1

)

ii) Anions  (mg. L
-1

)

1) Free Water Zone above FFT interface (0.45u filter-passing).  

2) Fine Tails Pore Water (centrifuged and filtered).

General

Acute Toxicity

Nutrients

Fluid Fine Tailings (FFT)2

Sample Depth (m)
Depth into FFT Zone (m)

Sample Elevation (AMSL) (m)
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Table 4-12 SWIP - Solids Fraction Profiles in FFT 

Sample Depth (m) 9.8 14.2
Depth into FFT Zone (m) 5.4 9.8

Sample Elevation (AMSL) (m) 304.1 299.7
Solids Content** (g/100g) 15.0 71.0
Fines Content (-44um/(-44um+w)) 15.0 22.4
Fines Content (-22um/(-22um+w)) 14.5 16.0
Fines Content (-11um/(-11um+w)) 12.7 11.8
Fines Content (-5.5um/(-5.5um+w)) 10.0 9.3
Fines Content (-2.8um/(-2.8um+w)) 6.9 7.0
SFR** (>44um / <44um) 0.00 7.55
Bitumen (g/100g) 0.34 0.21
Naphtha (g/100g) 0.01 0.01
Calc. Density (g/ml) 1.10 1.79

Size Fraction
1440um 100 100
900um 100 100
720um 100 100
500um 100 100
360um 100 99
250um 100 93
180um 100 66
125um 100 34.4
88um 100 20.4
62um 100 14.8
44um 100 11.7
31um 98 9.2
22um 96 7.7
16um 91.3 6.6
11um 81.9 5.4
7.8um 73.4 4.8
5.5um 62.9 4.2
3.9um 51.5 3.6
2.8um 41.5 3.1
1.9um 31.9 2.5
1.4um 25.5 2.0
1.um 19.0 1.5
0.7um 12.7 1.0
0.5um 7.71 0.64
0.35um 3.82 0.35
0.25um 1.58 0.17
0.18um 0.54 0.08
0.13um 0.13 0.03
0.10um 0.02 0.01

Mean Particle Size (um) 3.3 109

***PSD using Coulter Laser Diffraction method at SCL Research Dept. Reported as relative fraction of solids fraction (%). 

PARTICLE SIZE DISTRIBUTION*** (% solids 

SWIP: June 18, 2021. Coordinates (UTM): 6317240N, 459380E. Surface elevation: 313.9m (AMSL). FFT elevation: 309.5m. 

**Solids and Hydrocarbons expressed as mass per 100g.  Fines fraction expressed as "mass of solids fraction/(mass of 
water + mass of solids fraction)".  SFR (Sand to Fines Fraction): Sand (solids>44um) to Fines (solids <44um) ratio.

Fluid Fine Tailings (FFT)**
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Table 4-13 SWIP - Elemental Content of Recycle Water and FFT Pore Water 

 

Sample Depth (m) DL 1 9.8 9.8 14.2
Depth into FFT Zone (m) - 5.4 5.4 9.8

Sample Elevation (AMSL) (m) 312.9 304.1 304.1 299.7

Conductivity (uS/cm) 3600 3700 3700 4000

Solids Content (wt.%) 0.04 15.0 15.0 71.0

Bitumen Content (wt.%) <0.01 0.34 0.34 0.21

Sodium (Na) 2.5 820 860 860 910
Potassium (K) 0.30 9.6 12 12 11

Magnesium (Mg) 0.20 6.9 4.1 4.1 3.6
Calcium (Ca) 0.30 12.0 5.8 5.8 4.7
Boron (B) 0.05 2.25 2.44 2.46 2.63
Silicon (Si) 0.10 1.99 1.29 1.39 2.90
Strontium (Sr) 0.001 0.30 0.22 0.230 0.25
Sulphur (S) 3.0 172 147 150 154

Aluminum (Al) 2.50 47.1 8.7 9.7 6.1

Antimony (Sb) 0.50 1.2 2.0 2.0 2.26

Arsenic (As) 0.10 9.0 4.0 4.0 10.4

Barium (Ba) 1.00 180 167 170 162

Beryllium (Be) 0.10 <0.10 <0.10 <0.10 <0.10

Boron (B) 50 2250 2440 2460 2630

Cadmium (Cd) 0.01 0.12 0.07 0.09 0.12

Chromium (Cr) 1.00 <1.0 <1.0 <1.0 <1.0

Cobalt (Co) 0.20 1.44 0.38 0.43 0.30

Copper (Cu) 0.20 <0.20 <0.20 <0.20 <0.20

Iron (Fe) 60 <60 <60 <60 <60

Lead (Pb) 0.20 <0.20 <0.20 <0.20 <0.20

Lithium (Li) 2.00 129 144 145 138

Manganese (Mn) 4.00 78 18.0 18.0 14.0

Mercury (Hg) 0.002 <0.002 <0.002 <0.002 <0.002

Molybdenum (Mo) 1.00 98.8 88.3 89.1 108

Nickel (Ni) 1.00 5.7 3.5 3.7 2.1

Selenium (Se) 0.10 6.8 5.0 5.1 0.97

Silicon (Si) 100 1990 1290 1390 2880

Silver (Ag) 0.02 <0.02 <0.02 <0.02 <0.02

Strontium (Sr) 1.00 297 222 229 246

Thallium (Tl) 0.01 <0.01 <0.01 <0.01 <0.01

Thorium (Th) 1.00 <1.0 <1.0 <1.0 <1.0

Tin (Sn) 5.00 <5.0 <5.0 <5.0 <5.0

Titanium (Ti) 5.00 <5.0 <5.0 <5.0 <5.0

Uranium (U) 0.10 12.4 12.1 12.4 13.4

Vanadium (V) 5.00 7.0 17.1 18.0 22.1

Zinc (Zn) 5.00 <5.0 <5.0 <5.0 <5.0

Zirconium (Zr) 0.10 5.2 3.7 4.0 4.0

Surface Water1 Fine Tails Zone2

**Dissolved: 0.45u filter-passing. Analyzed using ICP/MS (except As, Se, Sb by Hydride AA and Hg by Cold Vapour AA) by Maxxam Analytical. 
Major Elements expressed in mg/L, Minor Elements expressed in ug/L.

Dissolved** Major Elements (mg.L-1)

Dissolved** Trace Elements (ug.L-1)

SWIP: June 18, 2021. Coordinates (UTM): 6317240N, 459380E. Surface elevation: 313.9m (AMSL). FFT elevation: 309.5m. 

1) Free Water Zone above FFT interface (0.45u filter-passing). 

2) Fine Tails Pore Water (Centrifuged and filtered).
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Table 4-14 SWIP - PAH Concentrations in Recycle Water and FFT 

Mol 
wt

Sample Depth (m)
DL 

(ug/L) 1
DL 

(mg/Kg) 9.8 9.8 14.2

Depth into FFT Zone (m) - 5.4 5.4 9.8
Sample Elevation (AMSL) (m) 312.9 304.1 304.1 299.7

Solids Content** (wt%) <0.04 15.0 15.0 71.0
Hydrocarbon** (wt%) <0.01 0.34 0.34 0.21

Naphtha** (wt%) <0.01 0.01 0.01 0.01

Total Parent PAH's 0.01 0.33 0.01 0.66 0.63 0.50
Total Alkylated PAH's 0.01 7.29 0.01 34.2 34.1 25.5
Alkylated PAH's as % of Total 96 98 98 98

Quinoline  129 0.2 <0.20 0.010 0.03 0.03 0.03
Naphthalene 128 0.1 <0.10 0.005 <0.005 <0.005 <0.005
    2-Methylnaphthalene 142 0.1 <0.10 0.005 <0.005 <0.005 <0.005
    C1-Naphthalene 142 0.1 <0.10 0.005 <0.005 0.01 <0.005
    C2-Naphthalene 156 0.10 0.10 0.005 0.05 0.05 0.04
    C3-Naphthalene 170 0.1 0.22 0.005 0.52 0.54 0.54
    C4-Naphthalene 184 0.1 0.36 0.005 1.4 1.4 1.2
Acenaphthylene 152 0.1 <0.10 0.005 0.006 0.006 <0.005
Acenaphthene 154 0.1 <0.10 0.005 0.05 0.05 0.05
Fluorene 166 0.05 <0.05 0.005 0.02 0.02 0.02
    C1-fluorene 180 0.05 0.10 0.005 0.18 0.19 0.20
    C2-fluorene 194 0.05 0.24 0.005 0.62 0.61 0.58
    C3-fluorene 208 0.05 0.45 0.005 2.00 2.10 1.70
Biphenyl 154 0.02 <0.02 0.005 <0.005 <0.005 <0.005
    C1-biphenyl 168 0.02 <0.02 0.005 <0.005 <0.005 <0.005
    C2-biphenyl 182 0.02 <0.02 0.005 <0.005 <0.005 <0.005
Phenanthrene 178 0.05 <0.05 0.005 0.11 0.13 0.14
    C1-phenanthrene/anthracene 192 0.05 0.15 0.005 0.88 0.95 0.86
    C2-phenanthrene/anthracene 206 0.05 0.23 0.005 2.0 2.1 1.6
    C3-phenanthrene/anthracene 220 0.05 0.56 0.005 4.4 4.3 3.1
    C4-phenanthrene/anthracene 234 0.05 0.37 0.005 1.9 1.8 1.2
Anthracene 178 0.01 <0.01 0.004 0.02 0.02 0.02
Acridine 179 0.04 <0.04 0.01 <0.01 <0.01 <0.01
Dibenzothiophene 184 0.02 0.02 0.005 0.016 0.015 0.015
    C1-dibenzothiophene 198 0.02 0.04 0.005 1.4 1.4 1.3
    C2-dibenzothiophene 212 0.02 0.53 0.005 4.4 4.6 3.7
    C3-dibenzothiophene 226 0.02 0.24 0.005 3.7 3.5 2.6
    C4-dibenzothiophene 240 0.02 0.13 0.005 1.8 1.8 1.2
Fluoranthene 202 0.01 <0.01 0.005 0.04 0.03 0.02
Pyrene 202 0.02 0.04 0.005 0.11 0.10 0.07
    C1-fluoranthene/pyrene 216 0.02 0.28 0.005 0.56 0.55 0.35
    C2-fluoranthene/pyrene 230 0.02 0.70 0.005 1.4 1.4 0.89
    C3-fluoranthene/pyrene 244 0.02 1.10 0.005 2.6 2.5 1.7
    C4-fluoranthene/pyrene 258 0.02 0.40 0.005 1.2 1.3 0.75
Benzo(a)anthracene 228 0.01 <0.01 0.007 0.02 0.02 0.01
Chrysene 228 0.01 <0.01 0.005 0.03 0.04 0.02
    C1-benzo(a)anthracene/chrysene 242 0.01 0.14 0.005 0.36 0.34 0.23
    C2-benzo(a)anthracene/chrysene 256 0.01 0.42 0.005 1.60 1.50 0.95
    C3-benzo(a)anthracene/chrysene 270 0.01 0.23 0.005 0.60 0.57 0.35
    C4-benzo(a)anthracene/chrysene 284 0.01 0.07 0.005 0.16 0.14 0.11
Benzo[e]pyrene 252 0.01 <0.01 0.005 0.05 0.05 0.03
Benzo(b&j)fluoranthene 252 0.01 0.01 0.005 0.03 0.03 0.02
Benzo(k)fluoranthene 252 0.01 0.01 0.005 <0.005 <0.005 <0.005
   C1-benzo(bjk)fluoranthene/benzo(a)pyrene 266 0.01 0.14 0.005 0.27 0.30 0.19
   C2-benzo(bjk)fluoranthene/benzo(a)pyrene 280 0.01 0.08 0.005 0.17 0.17 0.12
Benzo(c)phenanthrene 252 0.05 0.18 0.005 <0.005 <0.005 <0.005
Benzo(a)pyrene 252 0.01 0.02 0.005 0.02 0.02 0.01
Benzo[a]pyrene (equival.) 252 0.01 0.024 0.005 0.03 - 0.02
Dibenz(a,h)anthracene 278 0.01 <0.01 0.005 0.007 0.006 <0.005
Perylene 252 0.05 <0.05 0.005 0.04 0.04 0.02
Benzo(g,h,i)perylene 276 0.05 0.05 0.005 0.02 0.02 0.01
Indeno(1,2,3-cd)pyrene 276 0.01 <0.01 0.005 0.009 0.009 0.006
Dibenzo(a,e)pyrene 302 0.1 <0.10 0.01 <0.10 <0.10 <0.10
Dibenzo(a,h)pyrene 302 0.1 <0.10 0.01 <0.10 <0.10 <0.10
Dibenzo(a,i)pyrene 302 0.1 <0.10 0.01 <0.10 <0.10 <0.10
Dibenzo(a,l)pyrene 302 0.1 <0.10 0.01 <0.10 <0.10 <0.10
SWIP: June 18, 2021. Coordinates (UTM): 6317240N, 459380E. Surface elevation: 313.9m (AMSL). FFT elevation: 309.5m.
1) Surface Concentrations reported as ug per L of whole surface water.

Polycyclic Aromatics

Polycycylic Aromatic Hydrocarbons

GC/MS analyses performed by BV Labs (Maxxam Analytics), Calgary, AB.   
2) FFT Concentrations reported as mg per Kg of whole FFT.

Surface Water 

(ug/L)1

Polycyclic Aromatic Hydrocarbons (PAH) Concentrations

Fluid Fine Tailings (FFT) (mg/kg)2
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Table 4-15 SWIP - VOC Concentrations in Recycle Water and FFT 

 

Sample Depth (m) DL 1 DL 9.8 9.8 14.2
Depth into FFT Zone (m) - 5.4 5.4 9.8

Sample Elevation (ASML) (m) 312.9 304.1 304.1 299.7
Hydrocarbons F1 (C6-C10) 100 <100 10 <10 <10 <10
Hydrocarbons F2 (C10-C16) 100 2800 10 355 355 210

1,1,1,2-tetrachloroethane - 0.05 <0.05 <0.05 <0.05
1,1,1,2-tetrachloroethane 0.5 <0.50 0.1 <0.10 <0.10 <0.10
1,1,1-trichloroethane 0.5 <2.0 0.02 <0.02 <0.02 <0.02
1,1,2,2-tetrachloroethane 0.5 <0.50 0.05 0.11 0.11 0.27
1,1,2-trichloroethane 0.5 <0.50 0.02 <0.02 <0.02 <0.02
1,1-dichloroethane 0.5 <0.50 0.02 <0.02 <0.02 <0.02
1,1-dichloroethene 0.3 <0.30 0.02 <0.02 <0.02 <0.02
1,2,3-trichloropropane 0.2 <0.20 0.20 <0.20 <0.20 <0.20
1,2-dibromoethane 0.5 <0.50 0.002 <0.002 <0.002 <0.002
1,2-dichlorobenzene 0.5 <0.50 0.02 <0.02 <0.02 <0.02
1,2-dichloroethane 0.5 <0.50 0.00 <0.002 <0.002 <0.002
1,2-dichloropropane 0.5 <0.50 0.02 <0.02 <0.02 <0.02
1,3-dichlorobenzene 0.5 <0.50 0.02 <0.02 <0.02 <0.02
1,4-dichlorobenzene 70 <70 0.02 <0.02 <0.02 <0.02
2-Butanone (MEK) 50 <50 2.5 <2.5 <2.5 <2.5
2-Hexanone 25 <25 2.5 <2.5 <2.5 <2.5
4-Methyl-2-pentanone (MIBK) 50 <50 1.3 <1.3 <1.3 <1.3
Acetone 50 <50 2.5 <2.5 <2.5 <2.5
Acetonitrile 10 <10 1.0 <1.0 <1.0 <1.0
Acrolein 10 <10 10 <10 <10 <10
Acrylonitrile 0.5 <0.50 0.50 <0.50 <0.50 <0.50
Bromodichloromethane 0.5 <0.50 0.03 <0.03 <0.03 <0.03
Bromoform 0.5 <2.0 0.05 <0.05 <0.050 <0.050
Bromomethane 1 <1.0 0.02 <0.02 <0.02 <0.02
Carbon disulfide 0.5 <0.50 0.20 <0.20 <0.20 <0.20
Carbon tetrachloride 0.5 <0.50 0.001 <0.001 <0.001 <0.001
Chlorobenzene 0.5 <0.50 0.01 <0.005 <0.005 <0.005
Chlorodibromomethane 1 <1.0 0.02 <0.02 <0.02 <0.02
Chloroethane 0.5 <0.50 0.02 <0.02 <0.02 <0.02
Chloroform 2 <2.0 0.01 <0.01 <0.01 <0.01
Chloromethane 0.5 <0.50 0.03 <0.03 <0.03 <0.03
cis-1,2-dichloroethene 0.5 <0.50 0.02 <0.02 <0.02 <0.02
cis-1,3-dichloropropene 1 <1.0 0.02 <0.02 <0.02 <0.02
Dibromochloromethane 0.5 <0.50 0.02 <0.02 <0.02 <0.02
Dibromomethane 0.5 <0.50 0.03 <0.03 <0.03 <0.03
Dichlorodifluoromethane 0.5 <2.0 0.02 <0.02 <0.02 <0.02
Dichloromethane 1 <1.0 0.03 <0.03 <0.03 <0.03
Ethanol 5 <5.0 1.0 <1.0 - <1.0
Ethyl methacrylate 4 <4.0 0.25 <0.25 <0.25 <0.25
Iodomethane 0.5 <0.50 0.20 <0.20 <0.20 <0.20
Styrene 0.5 <0.50 0.02 <0.02 <0.02 <0.02
Tetrachloroethene 1 <1 0.01 <0.01 <0.01 <0.01
Total Trihalomethanes 0.5 <0.50 - - - -
trans-1,2-dichloroethene 0.5 <0.50 0.02 <0.02 <0.02 <0.02
trans-1,3-dichloropropene 0.5 <0.50 0.02 <0.02 <0.02 <0.02
Trichloroethene 0.5 <0.50 0.01 <0.01 <0.01 <0.01
Trichlorofluoromethane 0.5 <0.50 0.02 <0.02 <0.02 <0.02
Vinyl chloride 0.5 <0.50 0.0003 <0.0003 <0.0003 <0.0003

Volatile Organic Compounds

Volatile Organics as defined in the modified headspace US EPA Protocol (Method 8260C) // GC/MS analyses performed by BV Labs (Maxxam 
Analytics), Calgary, AB.  Hydrocarbon Fractions (F1, F2) by EPA Method 3510C

SWIP: June 18, 2021. Coordinates (UTM): 6317240N, 459380E. Surface elevation: 313.9m (AMSL). FFT elevation: 309.5m.

1) Surface Zone Samples reported as ug per L. 

Surface Water (ug/L)1

Volatile Organic Compound (VOC) Concentrations

Fluid Fine Tailings (FFT) (mg/kg)2

2) FFT Concentrations reported as mg per Kg of whole FFT.
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Table 4-16 SWIP - BTEX Compounds and Hydrocarbon Fractions in Recycle Water and 
FFT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample Depth (m) DL 1 DL 9.8 14.2
Depth into FFT Zone (m) - 5.4 9.8

Sample Elevation (AMSL) (m) 312.9 304.1 299.7

Benzene 0.4 <0.40 0.01 <0.005 <0.005
Ethylbenzene 0.4 <0.40 0.01 <0.01 <0.01
Toluene 0.4 <0.40 0.05 <0.05 0.080
o-Xylene 0.4 <0.40 0.02 <0.02 <0.02
m & p-Xylene 0.8 <0.80 0.04 <0.04 <0.04
Xylenes (Total) 0.9 <0.9 0.05 <0.05 <0.05

F1 (C6-C10) 100 <100 10 <10 <10
F2 (C10-C16) 100 2800 10 355 210
F3 (C16-C34) 100 18000 50 1750 950
F4 (C34-C50) 200 530 50 725 420
F4G-SG (Heavy Hydrocarbons-Grav.) - 3300

Solids Content** (wt%) <0.05 15.0 71.0
Hydrocarbon (Bitumen)** (wt%) <0.01 0.34 0.21
Naphtha** (wt%) <0.01 0.01 0.01

 Solids and Hydrocarbon Content***

SWIP: June 18, 2021. Coordinates (UTM): 6317240N, 459380E. Surface elevation: 313.9m (AMSL). FFT elevation: 309.5m.

** BTEX analysis (EPA SW-846) by BV Labs (Maxxam Laboratories), Calgary, AB using GC/MS (MeOH Ext). EPA Method 8260C. HC Fractions by 
EPA Method 3510C

*** OWS and Naphtha analysis performed at Syncrude Research, Edmonton. Reported as wt.%.

1) Surface Zone Samples reported as ug per L. 

2) FFT Samples reported as mg per Kg of whole FFT.

Surface Water 

(ug/L)1

VOLATILE ORGANIC COMPOUNDS (VOC's): BTEX COMPOUNDS** 

Hydrocarbon Fractions (mg/L)

Fluid Fine Tailings (FFT) (mg/kg)2
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4.7 NMSP
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Table 4-17 NMSP - General Chemistry of Recycle Water 

 

DL Surface Water1

0.5

302.9

pH (units) 8.4
Conductivity (uS/cm) 1 3600
Dissolved Solids (mg/L)** 10 2300

Alkalinity (Total as CaCO3) (mg.L-1)** 2 610

Chemical Oxygen Demand (mg.L-1)** 5 459

Biological Oxygen demand (mg.L-1) 2 20

Redox Potential (Eh) (mV) 206

Phenols (ug.L-1)** 2 15

Tannin & Lignins (mg.L-1)** 0.4 4.4

Cyanide (ug.L-1)** 1 14

Arsenic (As) (ug/L)** 0.1 11.3
Antimony (Sb)  (ug/L) 0.5 <2
Selenium (Se) (ug/L) 0.20 10.7
Mercury (Hg) (ug/L)** 0.01 <0.002
Methyl Mercury (MeHg) (ng/L) 0.01 0.06
Boron (B) (mg/L) 0.01 2.3
Strontium (Sr) (mg/L) 0.001 0.32

Sulphides (ug.L-1) 2 53

Total Pet. Hydrocarbon (mg.L-1) 2 20.3

Total PAH's (ug/L) 0.01 16.4
Alkylated PAH's as % of Total PAH's 94

Dis. Inorganic Carbon (DIC) (mgC.L-1)** 1 150

Dis. Organic Carbon (DOC) (mgC.L-1)** 2.5 44

Naphthenic Acids (mg/L) 71
Na/Cl Ratio (meq/meq) 2.36

Major Ion Ratio (∑Cat/∑An meq/meq) 0.96

Hardness (as mg/L CaCO3)** 49

o-Phosphate (ugP.L-1) 3 50

Total Phosphorous (ugP.L-1) 3 280

Ammonia (mgN.L-1) 0.02 4.5

Nitrite (ugN.L-1) 10 30

Nitrate (ugN.L-1) 10 <10

Nitrate + Nitrite (ugN.L-1) 10 21

Total Nitrogen (mgN.L-1) 0.25 6.2

Silicon (mg.L-1) 0.01 2.24

Sodium (Na+) 0.5 750

Potassium (K+) 0.3 8.8

Magnesium (Mg+2) 0.2 5.8

Calcium (Ca+2) 0.3 9.9

34.1

Fluoride (F-) 0.05 3.7

Chloride (Cl-) 2 490

Bromide (Br-) 0.02 0.35

Sulphate (SO4
=) 5 460

Carbonate (CO3
=) 0.5 6.8

Bicarbonate (HCO3
-) 0.5 730

35.6

**Dissolved constituents defined as 0.45u filter-passing.

Total Cations (meq/L)

Total Anions (meq/L)

Sample Depth (m)

Nutrients**

Major Ions (mg. L-1)**

Sample Elevation (AMSL) (m)

General

i) Cations  (mg. L
-1

)

ii) Anions  (mg. L
-1

)

NMSP: June 9, 2021. Coordinates (UTM): 6321760N, 457030E. Surface elevation: 
303.4m (AMSL). FFT elevation: 4.0m.
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Table 4-18 NMSP - Elemental Content of Recycle Water 

 

Sample Depth (m) DL 0.5
Sample Elevation (MASL) (m) 302.9

Sodium (Na) 0.5 750
Potassium (K) 0.3 8.8
Magnesium (Mg) 0.2 5.8
Calcium (Ca) 0.3 9.9
Boron (B) 0.05 161
Silicon (Si) 0.1 2.30
Strontium (Sr) 0.001 2.24
Sulphur (S) 3 161

Aluminum (Al) 3 26

Antimony (Sb) 0.5 1.2

Arsenic (As) 0.1 11.3

Barium (Ba) 1 175

Beryllium (Be) 0.1 <0.50

Boron (B) 50 2300

Cadmium (Cd) 0.01 <0.50

Chromium (Cr) 1 <5.0

Cobalt (Co) 0.2 1.3

Copper (Cu) 0.2 1

Iron (Fe) 5 <60

Lead (Pb) 0.2 <1.0

Lithium (Li) 2 128

Manganese (Mn) 1 44

Mercury (Hg) 0.002 <0.002

Molybdenum (Mo) 1 99.7

Nickel (Ni) 1 5.5

Selenium (Se) 0.1 <50

Silicon (Si) 100 2300

Silver (Ag) 0.02 <0.10

Strontium (Sr) 1 317

Thallium (Tl) 0.01 <0.50

Thorium (Th) 1 <5.0

Tin (Sn) 5 <25

Titanium (Ti) 5 <25

Uranium (U) 0.1 11.4

Vanadium (V) 5 <25

Zinc (Zn) 5 <25

Zirconium (Zr) 0.1 4.42

**Dissolved: 0.45u filter-passing.  Analyzed using ICP/MS (except Hg by 
Cold Vapour AA) by Maxxam Analytical.  Major Elements are expressed in 
mg/L; Minor Elements are expressed in ug/L.

Dissolved** Trace Elements (ug.L-1)

Dissolved** Major Elements (mg.L-1)

Surface Water

NMSP: June 9, 2021. Coordinates (UTM): 6321760N, 457030E. Surface 
elevation: 303.4m (AMSL). FFT elevation: 4.0m.
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Table 4-19 NMSP - PAH Concentrations in Recycle Water 

 

Mol 
wt

Sample Depth (m) DL (ug/L) 1
Sample Elevation (AMSL) (m) 302.4

Total Parent PAH's (ug/L) 0.01 1.0
Total Alkylated PAH's (ug/L) 0.01 15.4
Alkylated PAH's as % of Total PAH's 94

Quinoline  129 0.20 0.48
Naphthalene 128 0.10 <0.10
    2-Methylnaphthalene 142 0.10 0.62
    C1-Naphthalene 142 0.10 <0.10
    C2-Naphthalene 156 0.10 <0.10
    C3-Naphthalene 170 0.10 1.30
    C4-Naphthalene 184 0.10 1.30
Acenaphthylene 152 0.10 <0.10
Acenaphthene 154 0.10 <0.10
    C1-Acenaphthene 168 0.10 <0.10
Fluorene 166 0.05 <0.05
    C1-fluorene 180 0.05 <0.05
    C2-fluorene 194 0.05 0.42
    C3-fluorene 208 0.05 <0.05
Biphenyl 154 0.02 <0.02
    C1-biphenyl 168 0.02 <0.02
    C2-biphenyl 182 0.02 <0.02
Phenanthrene 178 0.05 0.08
    C1-phenanthrene/anthracene 192 0.05 0.29
    C2-phenanthrene/anthracene 206 0.05 0.57
    C3-phenanthrene/anthracene 220 0.05 1.30
    C4-phenanthrene/anthracene 234 0.05 0.77
Anthracene 178 0.01 0.02
Acridine 179 0.04 <0.04
Dibenzothiophene 184 0.02 0.04
    C1-dibenzothiophene 198 0.02 0.12
    C2-dibenzothiophene 212 0.02 1.50
    C3-dibenzothiophene 226 0.02 1.00
    C4-dibenzothiophene 240 0.02 0.47
Fluoranthene 202 0.01 0.03
Pyrene 202 0.02 0.24
    C1-fluoranthene/pyrene 216 0.02 0.85
    C2-fluoranthene/pyrene 230 0.02 1.20
    C3-fluoranthene/pyrene 244 0.01 1.70
    C4-fluoranthene/pyrene 258 0.02 0.59
Benzo(a)anthracene 228 0.01 <0.01
Chrysene 228 0.01 <0.01
    C1-benzo(a)anthracene/chrysene 242 0.01 0.27
    C2-benzo(a)anthracene/chrysene 256 0.01 0.70
    C3-benzo(a)anthracene/chrysene 270 0.02 0.14
    C4-benzo(a)anthracene/chrysene 284 0.01 0.04
Benzo[e]pyrene 252 0.01 0.05
Benzo(b&j)fluoranthene 252 0.01 0.03
Benzo(k)fluoranthene 252 0.01 <0.01
    C1-benzo(bjk)fluoranthene/ benzo(a)pyrene 266 0.01 0.15
    C2-benzo(bjk)fluoranthene/ benzo(a)pyrene 280 0.01 0.09
Benzo(c)phenanthrene 252 0.05 <0.05
Benzo(a)pyrene 252 0.01 0.02
Benzo[a]pyrene (equival.) 252 0.01 0.03
Dibenz(a,h)anthracene 278 0.01 <0.01
Perylene 252 0.05 <0.05
Benzo(g,h,i)perylene 276 0.05 0.01
Indeno(1,2,3-cd)fluoranthene   276 0.01 <0.01
Indeno(1,2,3-cd)pyrene 276 0.01 <0.01
Dibenzo(a,e)pyrene 302 0.10 <0.10
Dibenzo(a,h)pyrene 302 0.10 <0.10

Dibenzo(a,i)pyrene 302 0.10 <0.10
Dibenzo(a,l)pyrene 302 0.10 <0.10

GC/MS analyses performed by Maxxam Analytics, Calgary, AB.  Concentrations reported as ug per L of whole water sample.

PAH Compounds (ug/L)

NMSP: June 9, 2021. Coordinates (UTM): 6321760N, 457030E. Surface elevation: 303.4m. FFT elevation: 4.0m.

Polycyclic Aromatic Hydrocarbons (PAH) Concentrations

Surface Water (ug/L)

Polycyclic Aromatic Hydrocarbons (ug/L)
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Table 4-20 NMSP - VOC Concentrations in Recycle Water 

 

Volatile Organic Concentrations (VOC's)

Sample Depth (m)
DL 

(ug/L) 0.5

Sample Elevation (AMSL) (m) 302.9
Hydrocarbon F1 (C6-C10) (ug/L) 100 <100
Hydrocarbon F2 (C10-C16) (ug/L) 200 2800
Total Hydrocarbons (TPH) (mg/L) 20.4

1,1,1-trichloroethane 0.5 <0.50
1,1,2,2-tetrachloroethane 2 <2.0
1,1,2-trichloroethane 0.5 <0.50
1,1-dichloroethane 0.5 <0.50
1,1-dichloroethene 0.5 <0.50
1,2,3-trichloropropane 0.3 <0.30
1,2-dibromoethane 0.2 <0.20
1,2-dichlorobenzene 0.5 <0.50
1,2-dichloroethane 0.5 <0.50
1,2-dichloropropane 0.5 <0.50
1,3-dichlorobenzene 0.5 <0.50
1,4-dichlorobenzene 0.5 <0.50
2-Butanone (MEK) 70 <70
2-Hexanone 50 <50
4-Methyl-2-pentanone (MIBK) 25 <25
Acetone 50 <50
Acrolein 10 <10
Acrylonitrile 10 <10
Bromodichloromethane 0.50 <0.50
Bromoform 0.50 <0.50
Bromomethane 2.0 <2.0
Carbon disulfide 1 <1.0
Carbon tetrachloride 0.50 <0.50
Chlorobenzene 0.50 <0.50
Chloroethane 1.0 <1.0
Chloroform 0.50 <0.50
Chloromethane 2.0 <2.0
cis-1,2-dichloroethene 0.50 <0.50
cis-1,3-dichloropropene 0.50 <0.50
Dibromochloromethane 1.0 <1.0
Dichloromethane 2.0 <2.0
Dichlorodifluoromethane 0.5 <0.50
Dichloromethane 2 <2.0
Ethanol 1.0 <1.0
Ethyl methacrylate 5 <5.0
Iodomethane 4 <4.0
Styrene 0.50 <0.50
Tetrachloroethene 0.50 <0.50
Total Trihalomethanes 1.3 <1.3
trans-1,2-dichloroethene 0.50 <0.50
trans-1,3-dichloropropene 0.50 <0.50
Trichloroethene 0.50 <0.50
Trichlorofluoromethane 0.50 <0.50
Vinyl chloride 0.50 <0.50

Volatile Organics: modified headspace US EPA Protocol (Method 8260C) // GC/MS analyses performed by Maxxam Analytics, Calgary, AB. 
Concentrations reported as reported as ug per L.

Volatile Organic Compounds (ug/L)

Surface Water (ug/L)

NMSP: June 9, 2021. Coordinates (UTM): 6321760N, 457030E. Surface elevation: 303.4m. FFT elevation: 4.0m.
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Table 4-21 NMSP - BTEX Compounds and Hydrocarbon Fractions in Recycle Water 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample Depth (m)
DL 

(ug/L) 0.5

Sample Elevation (AMSL) (m) 302.9

Benzene 0.4 <0.40
Ethylbenzene 0.4 <0.40
Toluene 0.4 <0.40
o-Xylene 0.4 <0.40
m & p-Xylene 0.8 <0.80
Xylenes (Total) 0.8 <0.80

F1 (C6-C10) 100 <100
F2 (C10-C16) 100 2800
F3 (C16-C34) 200 17000
F4 (C34-C50) 200 500

Hydrocarbon Fractions (ug/L)

*BTEX analysis (EPA SW-846) by Maxxam Lab., Calgary, AB using GC/MS (MeOH Ext). 
EPA Method 8260C.  HC Fractions by EPA Method 3510C. Sample Concentrations 
reported as reported as ug per L.

BTEX COMPOUNDS  (ug/L)* 

Surface Water (ug/L)

NMSP: June 9, 2021. Coordinates (UTM): 6321760N, 457030E. Surface elevation: 
303.4m (AMSL). FFT elevation: 4.0m.
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4.8 Deposit Sampling 
 
In 2021 pond sampling campaigns were completed in all tailings ponds.  Dates that the surveys 
were completed is shown in Table 4-22. 
 
Table 4-22 2021 FT Measurement Dates 

Site Tailings Facility Measurement Dates 

Aurora North ASB July 8 – 16, 2021 

Aurora North AEPN-E June 21 – July 17, 2021 

Aurora North AEPS July 2 – 19, 2021 

Mildred Lake MLSB April 23 – May 28, 2021 

Mildred Lake SWSS August 29 – 21, 2021 

Mildred Lake BML (WIP) October 9 – November 8, 2021 

Mildred Lake EIP June 5 – 7, 2021 

Mildred Lake SWIP June 14 – July 8, 2021 

Mildred Lake NMSP May 30 – July 5, 2021 

Mildred Lake NMSPE – Deep Cake May 21 – June 3, 2021 

 
 
Cross-sections are illustrated in Figures 4-3 to 4-50 for the following deposits and parameters: 
 

 MLSB: 

- 2021 MLSB Sampling and Measurement Locations 

- Zone Interfaces 

- % Solids 

 

 SWSS: 

- 2021 Aerial 

- Zone Interfaces 

- % Solids 

 

 EIP: 

- 2021 EIP Sampling and Measurement Locations 

- Zone Interfaces 

 
 SWIP: 

- 2021 SWIP Sampling and Measurement Locations 
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- Zone Interfaces 

- SFR 

- % Solids 

- RTR Material 

- % Clay* 

- Consolidation 

- Effective Stress 

- Pore Pressure 

 
 NMSP: 

- 2021 NMSP Sampling and Measurement Locations 

- Zone Interfaces 

- SFR 

- % Solids 

- RTR Material 

- % Clay* 

- Consolidation 

- Effective Stress 

- Pore Pressure 

 
 NMSPE Deep Cake: 

- 2021 NMSPE Deep Cake Sampling and Measurement Locations 
- SFR 
- % Solids 
- RTR Material 
- % Clay* 
- Pore Pressure 

 
All sections, with the exception of SWSS % Solids, are representative of 2021 conditions. 
 
* % Clay defined as percent passing 2µm 
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4.8.1 MLSB  
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4.8.2 SWSS 
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4.8.3 EIP 
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4.8.4 SWIP 
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4.8.5 NMSP 
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4.8.6 NMSPE Deep Cake 
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5 Mining and Extraction 

5.1 Suitable Overburden Usage and Availability 
 
The volume of Kc clay and suitable overburden material used in tailings treatment and tailings 
capping in 2021 and available for the next five years is provided in Table 5-1. 
 
Table 5-1 Suitable Overburden Used and Available for Tailings Treatment and Capping 

 Volumes in Million BCM 

Year Total Kca Mined 
Total Placed to 

Structures 
Available for Other Uses 

2022 45.9 20.8 25.1 

2023 43.3 12.6 30.7 

2024 23.8 5.3 18.5 

2025 15.1 2.2 13.0 

2026 2.7 0.0 2.6 
 
A total volume of 0.14 Mm3 of overburden was placed in the NMSP deep cake deposit in 2021 to 
raise the elevation of the deposit and increase containment space availability in the NMSP pond. 

5.2 Ore Processing and Fines Information 
 
The ore body and fines summaries are provided below in Tables 5-2 and 5-3, respectively. 
 
Table 5-2 Ore Body Information 

Tonnage of Ore Processed 89,542,638 

Average Bitumen 10.7% 

Average Water 3.4% 

Average Mineral Solids 85.9% 

 
Table 5-3 Fines Information 

Fines in Ore Processed Mt 21.3 

Fines in Rejects Mt 1.0 

Fines in Aurora Froth Mt 1.5 

Fines in Extraction Throughput Mt 0.1 

Fines in New Fluid Tailings Mt 9.5 
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5.3 Froth Treatment Tailings 
 
Froth Treatment Tailings (FTT) are the tailings stream resulting from Syncrude’s Plant 6 froth 
treatment process. All FTT produced in 2021 was deposited in the MLSB. The volume of FTT added 
to the MLSB Plant 6 FTT deposit during the reporting year is shown in Table 5-4. 
 
Table 5-4 Froth Treatment Tailings 

Month 
Plant 6 Froth Tails 

(Mm3) 

January 0.2 

February 0.1 

March 0.1 

April 0.1 

May 0.1 

June 0.1 

July 0.1 

August 0.2 

September 0.1 

October 0.2 

November 0.1 

December 0.1 

Total 1.5 
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6 Site Water Balance 

The Mildred Lake site water balance is provided in Table 6-1. 
 
Table 6-1 Mildred Lake Water Balance 

Mildred Lake Site Mm3 

Inflows 

Water Import from Mildred Lake Reservoir 40.1 

Surface and Groundwater 16.2 

Beaver Creek Reservoir Water Import to BML 0.0 

Surface Dewatering and Groundwater Diverted into Closed Circuit 0.0 

Water in Froth from Aurora North 5.8 

Connate Water 3.1 

Total Inflow 65.2 

Outflows 

Process Water to Aurora North via Inter-site Pipeline (26.1) 

Losses (Steam, Evaporation, Tailings Pore Water, etc.) (56.4) 

Treated Domestic Wastewater Effluent to Athabasca River (0.2) 
Sedimentation Pond 7-17 Discharge to Athabasca River (0.6) 
Gravel “T-Pit” discharge via Wetland Area to Athabasca River (1.4) 

Total Outflow (84.7) 

Balance 

Change in Inventory (19.5) 

Water Stored in Tailings Ponds at End of 2020 1 169.4 

Water Stored in Tailings Ponds at End of 2021 1 149.9 

Balance 0.0 

1 Projected from measured volumes to year-end 
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7 Tailings Research and Technology Development 

Syncrude is committed to responsible oil sands development, which includes continuous 
improvement of our environmental performance, meeting or exceeding regulatory requirements 
and progressively reclaiming the land disturbed by our operation to meet mine closure objectives. 
In order to ensure the land can be returned to a stable, safe condition that is capable of supporting 
biologically self-sustaining communities of plants and animals, Syncrude has a dedicated research 
and development department and specialized state-of-the-art facilities with a significant focus on 
tailings and reclamation. Syncrude often undertakes environmental research in collaboration and 
partnership with academic institutions across Canada and North America.  In accordance with 
EPEA Approval No. 26-03-00 (as amended), Syncrude submits a biennial Tailings Research 
Report, as follows: 
 

5.1.1 The approval holder shall submit or cause to be submitted to the Director a Tailings 
Research Report on environmental aspects of tailings research and development 
according to the following schedule: 

(a) for the first Tailings Research Report, on or before April 30, 2021 and 

(b) subsequent Tailings Research Reports every two years thereafter; 
 
In addition to internal research and development projects, Syncrude also participates in activities 
that support regional research initiatives through Canada’s Oil Sands Innovation Alliance (COSIA). 
COSIA is an alliance of oil sands producers focused on accelerating the pace of improvement in 
environmental performance in Canada's oil sands through collaborative action and innovation. The 
learnings from Syncrude and COSIA’s research initiatives have been, and will continue to be 
leveraged to ensure that the tailings technology options are well understood and can be 
successfully implemented at Syncrude. Details regarding tailings research and development 
activities executed in partnership with other COSIA members can be found in the COSIA Tailings 
Research Report published on an annual basis and available online (https://cosia.ca). 
 
The advancement of tailings technology development is a priority for Syncrude. The following 
sections provide an overview of the tailings technologies that Syncrude is actively pursuing for 
commercial implementation. Additional tailings technologies will continue to be evaluated and 
implemented as opportunities arise.  

7.1 Base Mine Lake Demonstration 
 
Base Mine Lake (BML) is the first commercial-scale demonstration of water-capped tailings 
technology in a pit lake in the oil sands industry. BML is located in the former West In-Pit (WIP) of 
the Syncrude Mildred Lake operation. It consists of a mined-out oil sands pit filled with fluid fine 
tailings (silt, clay, process-affected water and residual bitumen) that sits below a combination of oil 
sands process-affected water and fresh water. This pit lake configuration is often referred to as 
water-capped tailings technology (WCTT). Based on previous research and modelling, the 
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prediction for WCTT is that with time, pit lake water quality improves and the tailings solids will 
remain physically sequestered below the water cap. Placement of FFT began in 1995, was 
completed in late 2012, and BML was commissioned on December 31, 2012.  
 
The Base Mine Lake Monitoring and Research Program (BML MRP) began in 2013 and is ongoing. 
As required by EPEA Approval No. 26-03-00 (as amended), Syncrude submits an annual Base 
Mine Lake Monitoring and Research Summary Report, as follows: 
 

7.5.16 The approval holder shall submit a Base Mine Lake Monitoring and Research 
Summary Report to the Director annually on June 30, starting in 2021, unless 
otherwise authorized in writing by the Director.  

7.2 Flocculated Tailings (Accelerated Dewatering) 
 
Flocculated tailings is a low energy fluid tailings management technology that Syncrude began 
developing in 2007. Syncrude received authorization to implement the flocculated tailings 
technology in 2021. The process involves pre-treating the fluid tailings with a coagulant, followed 
by in-line flocculation with polymer. The additives used in the process are the same as those used 
for centrifuge cake. First, the FFT is pre-treated with a coagulant (such as FGD solids3 or gypsum) 
to neutralize the surface charge of the fine particles in the fluid tailings. A water-soluble polymeric 
flocculant (similar to those used in municipal water treatment) is then added to the pre-treated FFT 
to bind the fine particles together and form larger structures called “flocs”, which can then be 
efficiently separated from the water.  
 
Mixing of the FFT and the pre-treatment coagulant occurs upstream of the polymer mixing. In-line 
mixers are then used to ensure proper mixing of the FFT and the polymer flocculant, in order to 
achieve the desired properties for successful dewatering. After flocculation, the mixture is pumped 
through a pipeline to the desired placement location. A simplified schematic of the process is 
provided in Figure 7-1. 
 

                                            
3 Syncrude received approval to use its Flue Gas Desulphurization solids (FGDS) for tailings treatment 
(i.e., centrifuge cake) on July 29, 2019, as per EPEA Approval No. 26-02-18. 
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Figure 7-1 Simplified Process Flow Diagram for Accelerated Dewatering (Flocculated 
Tailings) 

Syncrude has conducted various stages of research and development involving Accelerated 
Dewatering (ADW), beginning with bench scale testing in 2007, and progressing through various 
phases of field pilots to 2018, as listed below and depicted in Figures 7-2 and 7-3.  
 

- 2009 ADW Phase 1 Field Pilot 

- 2013 ADW Mixing Pilot 

- 2017 ADW Phase 2 Field Pilot 

- 2018 ADW Phase 3 Field Pilot 
 
In 2009, a field pilot was executed resulting in a treated tailings deposit of approximately 50,000 
m3 volume (ADW phase 1). The ADW phase 1 deposit has since been monitored, sampled and 
tested. Based on the learnings from the phase 1 field pilot, and incorporating advances in chemical 
amendment and mixing of FFT, the ADW phase 2 and 3 field pilots were completed in 2017 and 
2018, respectively.  These pilots included the use of FGDS or gypsum as a coagulant to pre-treat 
the FFT and significantly improved the polymer and FFT mixing using an in-line dynamic mixer 
designed and built by Syncrude. The technology in its current form involves mixing coagulant with 
the FFT feed and injecting flocculant through a dynamic mixer before depositing it into the tailings 
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containment structure. This dynamic mixing process creates optimum mixing of polymer into the 
FFT and thereby allows it to release water shortly after its deposition. Summaries of the learnings 
from each pilot phase are provided below. 
 
ADW Phase 1 Pilot Summary 
 

- Proof of concept for polymer treated fluid fine tailings (FFT) 

- Significant initial dewatering was achieved 

- Determined proper polymer/FFT mixing was critical for dewatering performance 

- Identified problems with maintaining static mixer performance 

- Identified mixing performance as key gap to advancing the technology    
 
 

 

Figure 7-2 ADW Pilot Phase 1 Process Overview (2009) 
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Figure 7-3 Overview of ADW Pilot Phase 1 Deposit 

ADW Mixing Pilot Summary 
 

- Identified key dynamic mixer design parameter 𝑁ଶ𝐷ସ/𝑄 (where N is the impeller 
speed, D is the diameter of the impeller, and Q is the flow rate through the vessel)  

- Verified dynamic mixer fundamentals and scale-up 

- Enabled the development of Syncrude prototype in-line dynamic mixer 
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Figure 7-4 ADW Mixing Pilot Field Overview (2013) 

 

 

Figure 7-5 Relationship of Dynamic Mixer Design Parameter (N2D4/Q) with Capillary 
Suction Time of Flocculated Tailings 
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ADW Phase 2/3 Pilots Summary 
 

- Verified performance of Syncrude’s in-line dynamic mixer 

- Mixer performance enabled success of in-line FFT coagulation-flocculation process 
technology 

- Demonstrated continuous operation mixing performance  

- Four cells evaluating different process treatments: 

- Gypsum + polymer flocculation (Cell 1) 

- Polymer flocculation + dodecylamine (Cell 2) 

- Syncrude FGD solids + polymer flocculation (Cell 3) 

- Syncrude FGD solids (Cell 4) 

- Cells 1 and 3 demonstrated significantly better dewatering relative to the 
performance of the 2009 pilot deposit and represent the process selected for 
commercial implementation 
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Figure 7-6 ADW Pilot Phase 2/3 Process Overview (2017-2018) 



 
 
 
 
 
 
 

 

 
Suncor Energy (Syncrude) Operating Inc.  141 

 

Figure 7-7 Overview of ADW Pilot Phase 2/3 Deposits 

Results from the phase 2 and 3 deposits indicate that the treated tailings deposits dewater to 
nominal 50%wt after an initial dewatering phase, and show similar geotechnical index properties 
when compared to centrifuge cake. The results also show a significant improvement over the 2009 
phase 1 deposit. Additional field data show the phase 2 and 3 deposits continue to dewater, densify 
and gain strength over time. This is indicative of the effect of improvement in both the mixing 
technology and the chemical amendment. The dynamic mixer plays a key role in ensuring the 
subsequent flocculated product is mixed well and creates a deposit with consistent parameters. 
This involves monitoring the capillary suction time (CST) post mixing, which allows plant operating 
parameters, such as dosage and mixing speed, to be promptly adjusted to changing feed and 
operating conditions.  

7.3 Tailings Co-Deposition 
 
Tailings co-deposition is a depositional strategy which involves the intentional placement of more 
than one tailings product into a single containment structure without separation by divider dykes. 
This approach to tailings deposition improves tailings storage efficiency by not requiring additional 
dykes or berms to separate each tailings product. While co-deposition in itself is not a treatment 
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technology, the depositional environment of the treated product(s) has the potential to improve 
deposit performance through enhanced dewatering and consolidation by combining tailings 
materials with complementary properties. Syncrude has practical field experience co-depositing 
composite tailings, straight coarse tailings and untreated FFT and has completed two phases of 
laboratory testing (flume tests), as well as numerical analysis, to study the co-deposition of multiple 
other tailings material types (e.g., flocculated tailings, composite tailings, centrifuge cake, FFT) and 
is continuing to assess opportunities for field implementation.  Phase 1 was completed in 2017 and 
Phase 2 was completed in 2018. The tests were conducted in 4.5m x 2.5m x 0.5m flumes, as 
depicted in Figure 7-8.  

 

Figure 7-8 Flume Overview  

Syncrude is continuing to look for opportunities to implement co-deposition within its tailings plans.  
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8 Environmental Management and Performance 

8.1 Surface Water Management 
 
Developing mining areas requires the establishment of drainage systems to manage surface water. 
The drainage system components are designed to maximize interception of clean surface and 
aquifer water for return to the environment, as well as minimize impacts from mining on natural 
surface water quantity and quality. 
 
Surface water within the site is primarily managed through two major ditch networks.  Water that 
has come into contact with the plant and mine areas, as well as water that has been collected via 
tailings seepage control systems are managed through the recycle water ditch network which is 
part of the industrial wastewater system. Non-process affected water is managed through the clean 
water ditch network.  These networks are managed separately to ensure that process affected 
water is retained on site for use within the plant and non-process affected water is returned back 
to the environment as much as possible.  
 
An overview of the recycle water and clean water networks is shown in Figure 8-1.  This figure does 
not include the numerous recycle water ditches and sumps within the active mine footprint because 
they are frequently moved to support mining activities.  Also not shown on the figure are the major 
ditch networks that are under construction or in the design and planning stages. 

8.1.1 Tailings Seepage Control System 

Seepage from above ground tailings dykes is managed as part of the recycle water system.  The 
water is controlled by a series of sand drains and collection pipes.  Ditches at the toe of the structure 
collect the seepage water which is then returned back to a tailings facility to become part of the 
recycle water inventory.  Cut-off walls have been installed where required around tailings facilities 
to control seepage. 

8.1.2 Recycle Water System 

The recycle water ditch network is a series of closed-circuit ditches that collect and convey recycle 
water within the site via ditches, sumps and pipelines.  The recycle water discharge locations 
include the various tailings facilities and the plant Recycle Water (RCW) Pond.  The following is a 
summary of the surface drainage directions for the recycle water ditch network: 
 

 Drainage around the west side of SWSS is directed north in to NMSP or to the mine 
recycle water ditching system, which discharges into the RCW pond. 

 Drainage around the north, east and south sides of SWSS, SWISA and FGD, is 
directed into SWIP. 

 Drainage around the south and north of South Hills and Beaver Creek sump is 
directed into SWIP via pipeline. 
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 Drainage around Coke Cell 5 is directed into SWIP via pipeline while drainage 
around the top of Coke Cell 5 is directed into BML via a drainage channel. 

 Drainage around MLSB is directed into the Seepage Control pond in the Northeast 
or the Recycle Pond in the South. 

 Drainage around EIP is directed back into EIP and eventually into SWIP via pipeline.  
 Drainage around the Sulphur Blocks is diverted into the recycle water ditch, which 

flows into the Recycle Pond.  

8.1.3 Clean Water System 

The clean water ditch network is a series of ditches that intercepts non-process affected 
environmental surface water runoff and flow from entering the site.  The water is collected via 
ditches located outside the active mine footprint and is diverted back to the environment.  The final 
discharge locations for the clean water ditches are Bridge Creek and the Beaver Creek Reservoir. 
The following are the surface drainage directions for the clean water ditch network: 
 

 Clean water from the SW Clean Water Interceptor Ditch is directed into the Beaver 
Creek Reservoir. 

 Clean water from the north and west side of MLSB is directed into the West 
Interceptor Ditch, which is discharged into Bridge Creek.  
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Figure 8-1 Overview of Recycle Water and Clean Water Networks
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8.2 Groundwater Monitoring 
 
The program is designed to monitor the effects of oil sands mining, bitumen extraction and 
associated activities on the surface and subsurface waters across Mildred Lake Site. An annual 
program is conducted to monitor physical changes (water level) and chemical changes (water 
chemistry) with time. 
 
An overview of the groundwater observation wells and their corresponding sample results are 
shown on the following pages.  Only monitoring data related to tailings areas is included in this 
report.   
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Figure 8-2 Groundwater Observation Well Locations – East MLSB Area
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Table 8-1 Groundwater Observation Sample Results – East MLSB Zone A 
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OW09-07 31-Aug-21 PF4 7.77 3307 280 820 < 1.0 1500 180 430 2.8 24 150 1.4

OW99-05 31-Aug-21 PF4 7.47 3296 170 850 < 1.0 1400 190 460 0.91 33 65 1.3

OW99-08 31-Aug-21 BFIL 7.65 3322 270 800 < 1.0 1400 180 410 2.2 29 140 1.3

OW99-06 27-Sep-21 BFIL 7.42 1970 110 890 5.1 1700 200 590 1.1 38 160 1.7

Area: South and East of MLSB, Zone A 

General Chemistry Monitoring Program Indicators 
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Table 8-2 Groundwater Observation Sample Results – East MLSB Zone B 
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OW99-13 02-Sep-21 PF4 6.78 1815 710 350 920 6.7 37 0.018 < 2.0 340 0.05

OW84-33 16-Sep-21 unknow n 7.21 494 410 300 360 41 17 0.018 < 2.0 44 0.031

OW03-01 12-Sep-21 PF4 6.7 1021 850 240 1100 60 35 0.19 < 2.0 530 < 0.020

OW03-02 12-Sep-21 PF4/PF5A 7.25 416 360 240 400 13 9.6 0.019 < 2.0 98 0.027

OW03-04 16-Sep-21 PF4/PF5A 7.23 633 370 290 470 85 53 0.25 < 2.0 64 0.12

OW04-09-01 16-Sep-21 PG3/PGKC 7.89 685 98 510 460 2.1 200 1.4 2.9 < 1.0 3.2

OW04-10 15-Sep-21 PF4 6.71 1021 770 240 950 12 13 0.46 < 2.0 470 0.054

OW04-11 15-Sep-21 PF4 6.62 538 450 310 520 15 12 0.35 < 2.0 120 0.042

OW99-19 dry PF4 --- --- --- --- --- --- --- --- --- --- ---

OW03-03 16-Sep-21 PF4 7.1 963 480 400 840 220 150 0.067 < 2.0 80 0.029

OW01-04B 30-Aug-21 PF5B/PF4 6.98 1016 350 230 420 25 11 < 0.015 < 2.0 94 0.027

OW99-18 16-Sep-21 PF4 7.25 1127 500 330 920 250 170 < 0.015 < 2.0 130 0.066

OW98-07 30-Aug-21 PF4/PL2 7.59 328 67 14 110 22 8.7 < 0.015 < 2.0 46 < 0.020

OW98-08 01-Sep-21 PF4 7.42 3963 330 890 1500 280 480 1.9 35 87 0.62

OW98-20 30-Aug-21 PF4 7.11 1508 260 250 580 71 100 0.069 < 2.0 140 0.26

OW98-21R 01-Sep-21 PF4 7.09 572 93 36 180 61 32 0.13 < 2.0 32 < 0.020

OW98-22 30-Aug-21 PF4 7.62 993 130 120 320 100 67 0.062 < 2.0 30 0.034

OW98-26A 24-Aug-21 PF4 7.49 1176 690 380 970 120 71 0.6 < 2.0 300 0.057

OW98-26B 24-Aug-21 PG1 8.16 513 61 360 410 23 150 0.33 4.2 < 1.0 1.2

OW98-27 12-Sep-21 PF4 7.26 845 280 340 660 110 150 0.08 5.6 100 0.29

OW98-28 24-Aug-21 PF4 7.17 2312 750 510 1800 730 390 0.11 < 2.0 150 0.078

OW99-12 31-Aug-21 PF5B 7.23 2232 490 410 790 140 110 0.12 < 2.0 110 0.036

OW99-14 01-Sep-21 PF4 7.25 2132 490 350 740 130 75 0.1 < 2.0 120 0.035

OW99-15 12-Sep-21 PF5A 6.87 1237 560 630 1100 150 200 0.18 2.5 130 0.24

OW99-16 01-Sep-21 PF5A 7.36 3111 320 690 1200 140 360 0.71 16 170 1.2

OW99-17 01-Sep-21 PF4 7.28 1424 250 390 560 46 140 0.83 5.5 83 0.8

OW01-03 30-Aug-21 PF4 7.12 695 100 78 220 54 47 0.02 < 2.0 30 0.11
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Table 8-3 Groundwater Observation Sample Results – East MLSB Zone C 
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OW98-19AR dry PF5B --- --- --- --- --- --- --- --- --- --- ---

OW98-19BR 15-Sep-21  PF4 7.09 1182 280 540 1100 210 330 0.11 < 2.0 120 0.62

OW03-08 14-Sep-21 PF4 6.82 1439 290 610 1200 230 390 0.019 3.8 130 1.1

OW03-09 14-Sep-21 PF4 6.6 1439 1500 280 1900 5.2 12 0.62 < 2.0 1200 0.15

OW03-10 14-Sep-21 PF4 6.89 820 690 310 890 12 6.9 0.23 < 2.0 410 0.12

OW03-11 14-Sep-21 PF4/Pl1 6.73 851 700 430 800 48 9.7 0.32 < 2.0 230 0.2

OW03-12 14-Sep-21 PF4 7.03 573 490 250 540 16 4.9 0.16 < 2.0 190 0.051

OW13-07 13-Sep-21 PF4 6.8 995 850 280 1100 72 41 0.19 < 2.0 450 0.14

OW03-29 12-Sep-21 PF4 7.19 1065 560 240 890 340 130 < 0.015 < 2.0 67 0.033

OW79-19 14-Sep-21 PF 6.99 827 430 240 670 210 93 0.026 < 2.0 67 0.078

OW98-24 14-Sep-21 PF4 6.68 659 400 200 540 73 17 < 0.015 < 2.0 76 0.071

OW98-25 14-Sep-21 PF4 7.26 1473 280 620 1300 280 460 0.015 4.9 130 1.1

OW99-21A 14-Sep-21 PF4 7.16 1583 140 650 1300 260 520 < 0.015 3.2 130 1.3

OW99-21B 14-Sep-21 PF4 7.3 1268 260 550 1000 190 380 0.019 3 120 0.88

OW01-02 24-Aug-21 PF4 7.17 1465 410 300 1000 390 220 1.1 < 2.0 56 0.049

OW01-06 23-Aug-21 PF4 7.87 1381 130 650 1200 210 430 0.76 22 120 1.2

OW98-03 dry PF --- --- --- --- --- --- --- --- --- --- ---

OW98-04 12-Sep-21 PF4/98 7.37 574 430 240 530 23 40 < 0.015 < 2.0 180 0.12

OW98-05 13-Sep-21 PF4 7.46 2053 220 770 1500 320 510 0.26 18 180 1.7

OW98-06 13-Sep-21 PF4/PG1 7.44 1674 220 740 1500 260 530 0.61 17 140 2.1

OW98-09 24-Aug-21 PF4 7.93 1624 190 680 1400 270 500 0.5 18 200 1.4
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Table 8-4 Groundwater Observation Sample Results – East MLSB Zone D 
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OW02-01 17-Aug-21 PF5A 7.26 1353 340 430 1100 340 320 0.03 < 2.0 98 < 0.020

OW02-02 18-Aug-21 PF4/PF5A 7.35 1320 210 540 1200 340 390 0.022 < 2.0 83 0.31

OW02-03 17-Aug-21 PF4 7.01 2203 430 390 1900 710 460 0.036 < 2.0 93 0.022

OW02-04 17-Aug-21 PF4 7.09 1371 560 470 1200 380 240 0.11 < 2.0 81 < 0.020

OW04-06 29-Sep-21 PF5A/PG1 7.55 504 340 290 350 7 4.6 0.052 < 2.0 54 < 0.020

OW04-07 28-Sep-21 PF4 6.84 581 250 180 480 81 68 0.55 < 2.0 110 < 0.020
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Area: East of MLSB and South of Beaver Creek Valley, Zone D
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Table 8-5 Groundwater Observation Sample Results – East MLSB Zone E 
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OW03-15 10-Sep-21 PF5B 6.81 364.6 260 210 340 22 39 0.5 < 2.0 47 0.079

OW03-16 10-Sep-21 PF5A 7.09 476.3 180 240 390 38 88 0.067 < 2.0 57 0.042

OW03-17 10-Sep-21 HAE/PF5A 7.12 653 220 320 540 35 130 0.15 < 2.0 100 0.038

OW04-01 10-Sep-21 PF4 7.18 233.9 120 120 210 24 37 0.023 < 2.0 31 0.094

OW04-02 10-Sep-21 PF4 7.21 1685 510 820 1500 230 430 0.03 < 2.0 170 0.91

OW04-03 10-Sep-21 Pl3/PF4 7.26 360 310 250 330 3.8 13 0.16 < 2.0 52 0.05

OW04-04 10-Sep-21 PF4/PL3/PGKM 7.1 568 210 260 480 61 110 0.2 < 2.0 63 0.23

OW04-05 09-Sep-21 PF4 7.27 1636 350 770 1400 260 430 0.038 2.5 140 0.82

OW80-14 09-Sep-21 unknow n 7.11 414.7 330 230 400 13 26 0.025 < 2.0 100 0.13

OW92-08 12-Sep-21 Kcc 7.39 2811 1400 850 2400 42 350 0.52 < 2.0 1100 0.65

OW99-27 11-Sep-21 PF5A 7.13 1180 450 490 1000 130 230 0.21 2.3 180 0.75

OW99-28R 11-Sep-21 PF 6.86 3152 1300 710 3400 170 650 0.02 3 1500 1.4

Monitoring Program Indicators General Chemistry 
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Area: East of MLSB and North of Beaver Creek Valley, Zone E
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Table 8-6 Groundwater Observation Sample Results – East MLSB T-Pit 
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OW13-06-01 13-Sep-21 PF5/PF4 6.81 1053 1000 280 1300 17 14 0.05 < 2.0 630 0.14

SP05-T05R-01 16-Sep-21 PF4 7.05 1164 850 340 1200 60 100 0.059 < 2.0 570 0.43

SP10-T047A 13-Oct-21 Devonian --- --- 890 2200 24000 14000 9900 6 8.5 11 4.6

SP10-T047B 13-Oct-21 4W --- --- 1200 2100 29000 16000 12000 6.5 6.2 28 4.3

Monitoring Program Indicators General Chemistry 
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Area: T-Pit, east of MLSB zones B&C,  Zone T-Pit
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Figure 8-3 Groundwater Observation Well Locations – SWSS
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Table 8-7 Groundwater Observation Sample Results – SWSS Area 
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OW11-01 06-Oct-21 Pl2/Pg3 7.46 3122 740 1200 3400 28 940 0.032 < 2.0 1500 3.1

OW91-10R 01-Oct-21 unknow n 7.29 2950 280 1200 2600 330 870 1 < 2.0 520 2.6

OW91-11 20-Aug-21 Pg3 7.13 1028 310 680 960 29 250 0.55 < 2.0 150 0.83

OW91-12 --- Pg1 --- --- --- --- --- --- --- --- --- --- ---

OW91-13 26-Aug-21 Pl2/Pg3 6.73 640 560 530 800 11 35 0.9 < 2.0 210 0.23

OW91-14 26-Aug-21 Pg3 7.26 2523 1100 670 3000 81 560 0.78 < 2.0 1600 1.1

OW91-15 26-Aug-21 Pg3 7.37 1896 550 1000 2400 130 690 0.9 < 2.0 820 1.8

OW91-16 27-Aug-21 Pg1 7.70 2534 220 1400 2300 230 850 1.8 < 2.0 300 3.1

OW92-01A 27-Aug-21 Pg3 6.90 3490 1700 540 3800 13 500 0.047 < 2.0 2300 0.86

OW92-02A 27-Aug-21 Pg3 7.41 3999 790 980 4200 42 1200 1.5 < 2.0 2100 2.4

OW92-03A 27-Aug-21 Pg3 7.23 4853 1500 880 4900 51 1200 0.24 < 2.0 2600 1.8

OW98-14 27-Aug-21 Pg1 7.30 2351 1500 630 2800 8.4 380 1.2 < 2.0 1500 0.81

OW03-23 22-Sep-21 Pl2/Pg3 6.91 884 480 610 880 37 160 0.046 < 2.0 150 0.77

OW09-10 24-Sep-21 Pf 9.24 589 4 540 580 4.4 240 0.78 < 2.0 5.6 0.9

OW11-07 07-Oct-21 Kgr 6.92 942 720 560 730 100 22 0.05 < 2.0 23 0.11

OW11-08A 07-Oct-21 Kgr 6.79 1621 870 590 1300 350 140 0.093 < 2.0 110 0.19

OW11-08B 07-Oct-21 Kcf 6.87 837 670 600 670 51 30 0.63 < 2.0 4.1 0.23

OW94-09 23-Sep-21 unknow n 7.22 1694 920 610 2100 8.8 380 0.33 < 2.0 1000 0.66
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Table 8-7 Groundwater Observation Sample Results – SWSS Area (continued) 
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OW09-13 22-Sep-21 Kcd/Kcc 7.77 1309 29 1100 1400 42 560 1.1 < 2.0 7.8 3.3

OW09-16 23-Sep-21 Pg1 8.14 861 12 710 840 13 340 0.68 < 2.0 < 1.0 2.3

OW11-09 07-Oct-21 Pg1 8.17 752 9.7 570 620 8.2 270 0.22 < 2.0 1.4 1.2

OW11-10 23-Sep-21 Pg1 8.04 1011 40 690 790 14 330 0.56 < 2.0 20 2

OW11-11 22-Sep-21 Pg1/Kcd 7.19 1004 160 720 840 10 320 0.78 < 2.0 18 1.6

OW11-12 22-Sep-21 Kcd/Pg1 7.49 1241 130 770 1000 37 400 0.52 < 2.0 120 2.3

OW11-13 22-Sep-21 Pg1/Pg3 7.73 1266 45 1000 2000 33 450 1 < 2.0 34 2.6

OW11-14 22-Sep-21 Pg1 7.58 984 160 760 870 18 330 0.62 < 2.0 18 1.7

OW11-15 22-Sep-21 Pg1 7.85 1430 62 1000 1300 24 540 0.96 < 2.0 57 2.3
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SWSS Bentonite Slurry Wall Monitoring Wells. Wells north of the slurry w all in light grey, wells south of the slurry wall in dark grey
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Table 8-7 Groundwater Observation Sample Results – SWSS Area (continued) 
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OW11-02 18-Aug-21 Pg 6.99 1634 840 1000 1500 180 220 0.74 < 2.0 57 1.5

OW11-04 24-Aug-21 Pg1 7.58 1643 380 910 1800 20 550 0.97 < 2.0 570 1.9

OW11-05 19-Aug-21 Kcd 7.30 1031 490 550 770 99 150 0.21 < 2.0 120 0.33

OW11-06 19-Aug-21 Kcd 7.63 626 140 540 560 3.3 180 0.87 < 2.0 18 0.62

OW96-01 19-Aug-21 Pg1 7.46 2265 250 1200 2300 9 760 1.8 2 670 2.5

OW99-29 24-Aug-21 Pl1/Pg3 7.28 925 500 550 1000 2.8 180 0.097 < 2.0 310 0.5

OW99-30 20-Aug-21 Pg3 7.87 1384 1200 670 2600 15 430 0.12 < 2.0 1300 0.91

OW99-31 18-Aug-21 Pg1 8.19 774 16 610 860 4.5 290 0.65 < 2.0 51 1

OW99-32 19-Aug-21 Pg1 7.42 567 180 500 520 3.5 150 0.41 < 2.0 16 0.5

OW09-11R 09-Nov-21 unknow n 7.14 1791 230 510 590 4.2 160 0.98 < 2.0 20 0.55

KL07-01BR-01 05-Oct-21 Pf3 --- --- 290 920 1700 280 600 0.61 11 130 1.2

KL07-01CR 20-Sep-21 Pf3 6.64 1259 470 710 1200 140 270 0.74 3.6 190 0.69

OW09-01A 07-Sep-21 Pf 6.87 3365 1200 570 1700 1.7 72 2.7 < 2.0 850 0.53

OW09-01B 07-Sep-21 Pl 6.90 3182 1300 600 1600 1.7 87 < 0.015 < 2.0 750 0.28

OW09-03 08-Sep-21 Pf/Pf/Kc 7.16 1097 860 480 1100 1.2 75 1.5 < 2.0 470 0.74

OW09-12 27-Aug-21 Pf 7.21 861 360 550 810 < 1.0 180 1 < 2.0 170 0.71

OW13-01 08-Sep-21 PF4 6.59 914 830 550 960 1.5 62 0.81 < 2.0 260 0.34

OW13-02 08-Sep-21 Pf 7.00 898 540 610 880 1.7 130 0.79 < 2.0 180 0.61

OW13-03 23-Sep-21 PF5A 6.67 1026 990 500 1300 1.8 39 0.49 < 2.0 570 0.28

OW96-15R 24-Sep-21 PF3/PG 7.16 794 260 780 800 3.6 220 0.46 < 2.0 15 0.73

AREA: South West Sand Storage (SWSS) - West

AREA: South West Sand Storage (SWSS) - North. G-pit wells in grey
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Figure 8-4 Groundwater Observation Well Locations – NMSP West 
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Table 8-8 Groundwater Observation Sample Results – NMSP West Area 

 

F
ie

ld
 p

H

C
o

n
d

u
ct

iv
it

y,
 f

ie
ld

 
m

e
as

u
re

d
 (

µ
S

/c
m

)

T
o

ta
l 

H
ar

d
n

es
s 

(a
s 

C
aC

O
3)

 (
m

g
/L

)

A
lk

al
in

it
y 

(T
o

ta
l a

s 
C

aC
O

3
) 

(m
g

/L
)

T
o

ta
l D

is
so

lv
ed

 
S

o
lid

s 
(m

g
/L

)

C
h

lo
ri

d
e 

(m
g

/L
)

S
o

d
iu

m
 (

m
g

/L
)

A
m

m
o

n
ia

 (
T

o
ta

l;
 a

s 
N

) 
(m

g
/L

)

N
ap

h
th

en
ic

 A
ci

d
s 

(m
g

/L
)

S
u

lp
h

at
e 

(m
g

/L
)

B
o

ro
n

 (
m

g
/L

)

OW20-01 06-Oct-21 Pg 6.89 3010 1700 660 3500 5 410 0.36 < 2.0 2000 0.8

OW20-02 dry Pg --- --- --- --- --- --- --- --- --- --- ---

OW20-03 dry Pl1 --- --- --- --- --- --- --- --- --- --- ---

AREA: NMSP West
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Figure 8-5 Groundwater Observation Well Locations – In-Pit Area 
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Table 8-9 Groundwater Observation Sample Results – In-Pit Area 
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BML96-03 14-Oct-21 Devonian 6.61 25659 860 2100 16000 7800 6400 --- 2.2 50 3.9

BML96-04R 05-Oct-21 Devonian --- --- 5.6 670 1400 240 590 --- 17 180 1.5

BML96-05 28-Sep-21 Devonian 6.83 13119 410 2800 10000 4600 4000 --- 5.8 < 1.0 5.9

BML97-09R 05-Oct-21 4/4W --- --- 2000 2200 35000 20000 13000 --- < 2.0 < 1.0 4.2

General Chemistry Monitoring Program Indicators

Area: In-Pit 
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9 Community Engagement 

Syncrude actively engages with local Indigenous communities over the normal course of business. 
In regards to engagement related to tailings management, including the Base Mine Lake 
demonstration, Syncrude typically engages with: Fort McKay First Nation (FMFN), Fort McKay 
Metis Local 63 (ML63), Fort McMurray Metis Local 1935 (ML1935), Fort McMurray #468 First 
Nation (FMFN468), Chipewyan Prairie Dene First Nation (CPDFN), Mikisew Cree First Nation 
(MCFN), Athabasca Chipewyan First Nation (ACFN), and Fort Chipewyan Metis Local 125 
(ML125). 
 
Syncrude aims to earn and maintain community support by sharing information that provides 
literacy on our operations. We seek ideas, input and feedback on our plans in a manner that fosters 
cooperation and mutual trust. The objectives of engagement on tailings management and Base 
Mine Lake include information sharing, identification of specific areas of interest, understanding 
concerns, and providing opportunities for feedback and input. 
 
Engagement typically takes several forms and engagement scope is typically steered and 
prioritized by each Indigenous community based on level of interest and other engagement 
activities. Examples of venues where tailings engagement has taken place include: 
 

- Community Advisory Group meetings; 
- Project-specific engagement to support a regulatory application or operational 

activities; 
- Annual Tailings Forum; and 
- Annual Elder Tours. 

 
Syncrude has collaboratively created Community Advisory Groups with a number of communities. 
Community Advisory Groups are one venue where tailings management and/or the BML 
demonstration can be discussed. Although Syncrude has the ability to suggest topics of discussion 
for the Community Advisory Groups, the agenda is controlled by the Indigenous community based 
on areas of interest. The Base Mine Lake demonstration has been a topic discussed at past 
Community Advisory Group meetings. 
 
Unfortunately, due to ongoing restrictions and precautions associated with the COVID-19 
pandemic, Syncrude faced challenges engaging with community members in 2021. As a result, the 
annual tailings forum was held virtually (online) with representatives from several local Indigenous 
communities on December 6, 2021. Copies of the presentations from the 2021 tailings forum are 
included in Appendix C. An overview of the 2021 Base Mine Lake and tailings management 
engagement activities is provided in Table 9-1. 
 
Any tailings related feedback received over the course of engagement is tracked by Syncrude for 
future reference; this information is not provided in this compliance report. Outstanding concerns 
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and areas of interest from engagement on tailings management and Base Mine Lake will continue 
to form the basis of future engagement.  
 
Table 9-1 Base Mine Lake and Tailings Management Community Engagement 
Summary 
 

Date Engagement Type Subject 

August 4, 2021 

Reclamation 
Engagement Focus 

Group (REFG) 
Field Visit 

Field visit of the wetland adjacent to Base 
Mine Lake with community members from the 
Fort McKay First Nation  

August 10, 2021 
Base Mine Lake 
Technical Field 

Visit 

Field visit and discussion of Base Mine Lake 
with technical representatives on behalf of 
local Indigenous communities 

December 1, 2021 
COSIA Mine Water 

Workshop 
Update on the Base Mine Lake monitoring 
and research program 

December 6, 2021 
Tailings & Base 

Mine Lake 
Community Forum 

The 2021 annual forum included information 
on the following topics: 

- Mining and tailings overview 
- Base Mine Lake demonstration 
- East In-Pit tailings reclamation and closure 
- Reclamation Engagement Focus Group 

(REFG) 

 
 

 
 
 
 
 
 
 
 
 
 
 
  




