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1. Introduction 

1.1    Background 

 

On July 29, 2019, Syncrude Canada Ltd. (Syncrude) received approval from the Alberta 

Energy Regulator (AER) for its Mildred Lake Tailings Management Plan (TMP). This plan 

was updated on July 19, 2021, with the submission of the North Mine Pond (NMCP) 

Updated Tailings Plan which was approved on January 13, 2022.  As per Section 5 

(Measurement Outcomes) of Directive 085 – Fluid Tailings Management for Oil Sands 

Mining Projects (Directive 085), operators are required to submit a fluid tailings 

measurement system plan (MSP) to the AER. Syncrude submitted the Tailings 

Measurement Plan for Mildred Lake site on June 26, 2020, which was accepted on March 

24, 2021.  On February 23, 2022, The AER provided a reporting requirement clarification 

for water quality characterization to be included in an updated submission of the Tailings 

Measurement Plan due on or before December 31, 2022.  The AER provided an update 

to this notice on June 29, 2022, as a result of the Canadian Association of Petroleum 

Producers’ (CAPP) feedback to be included in the updated Tailings Measurement Plan 

submission. 

 

The following Mildred Lake MSP has been completed in accordance with the requirements 

outlined in Section 5 of Directive 085, the AER MSP requirements letter that Syncrude 

received on June 13, 2018, with Aurora North Oil Sands Conservation Act (OSCA) 

Commercial Scheme Approval No. 10781K and the letters received from the AER on 

February 23, 2022, and June 29, 2022, regarding water quality characterization and 

reporting. 

1.2    Concordance and Reporting Requirements 

 

Table 1-1 below outlines the AER measurement system plan requirements and the 

sections in this submission which satisfy the requirements. 
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Table 1-1 Concordance Table 

 

Requirement Section 

AER Measurement System Plan Requirements (letter dated June 13, 2018) 

Key definition of parameters for fluid tailings and RTR 

criteria measurements. 

Section 2 - Tailings 

Characterization, Section 3 - 

Measurement Standards and 

Procedures 

Reference of standards and procedures used to measure 

fluid tailings, treated tailings, and RTR criteria. 

Section 3 - Measurement 

Standards and Procedures 

An explanation of and justification for measurement 

procedures that are unique to Syncrude Aurora North and 

this plan. 

Section 3.3 - Measurement 

Procedures Unique to 

Syncrude Mildred Lake 

 
Evidence that the plan will address the measurement 

outcomes as per section 5 of Directive 085, as amended. 

Section 4 - Addressing 

Measurement Outcomes 

An explanation of how each of the tailings deposit’s 

RTR criteria will be measured, calculated, and reported. 

Section 2 - Tailings 

Characterization, Section 3 - 

Measurement Standards and 

Procedures 

A description of the tailings deposit survey program. 
Section 2 - Tailings 

Characterization 

Justification of how measurement, sampling, and spacing 

intervals will show the variation of the tailings 

deposit properties and verify that the tailings deposit is 

achieving RTR criteria. 

Section 2 - Tailings 

Characterization, Section 3 - 

Measurement Standards and 

Procedures 

Identify if any material in the deposit is not achieving 

RTR criteria. 

Section 2 - Tailings 

Characterization, Section 3 - 

Measurement Standards and 
Procedures 

Any other information the AER may require. N/A 

Where measurement plan exists for any RTR criteria 

subobjectives, Syncrude may incorporate references to 

other plans, such as the groundwater monitoring program. 

Section 2 - Tailings 
Characterization 

Syncrude must also ensure that the measurement system 

plan aligns with the Groundwater Monitoring Program 

authorized under its EPEA approval. 

Section 6 - Groundwater 

Monitoring and Reporting 
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Table 1-2 Concordance Table (Continued) 

 

Requirement Section 

As per clauses 25 and 26 of Approval No. 10781K, Syncrude 

must monitor and report on volumes of coarse sand 

production and use, sand to fine ratio, effective 

stress, deposit consolidation, pore water pressure, and solids 

and clay content for each treated tailings deposit. 

The measurement system plan must also include 

measurement locations and measurement methodology for 

this monitoring and reporting. 

Section 5 - Treated Tailings 

Monitoring and Reporting 

Water Quality Characterization and Reporting (notification dated February 23,2022 and 
June 29, 2022) 

Surface water quality parameters characterized and reported 

at environmentally relevant detection limits; 

Section 7 – Surface Water 

Monitoring 

Tailings surface water quality characterization for major ions, 

conventional parameters, total and dissolved metals, nutrients, 

F1-F4 hydrocarbons, BTEX, Volatile Organic Compounds, 

Phenols, total naphthenic acids via Fourier Transform Infrared 

Spectroscopy with a three-step extraction using 

dichloromethane, PAHs and alkylated PAHs, Other project-

specific surface water quality parameters, such as process 

additives and NORMs 

Section 7.4 – Surface Water 

Monitoring 

Surface water quality characterization is required to be 

performed using appropriate sampling frequency to capture 

seasonal and temporal variation. At a minimum, tailings 

surface water quality characterization is required at least once 

a year, within July or August 

Section 7.2 – Surface Water 

Monitoring 

 

 

1.3    Operations Overview 

 

Oil sands ore is mined from open pits, mixed with warm water, and delivered to a primary 

extraction facility using hydro-transport technology. Tailings, the materials remaining after 

bitumen is extracted from oil sands, is a mixture of sand, silt, clay, water, and residual 

hydrocarbons. Tailings are distributed hydraulically via a network of pipelines to placement 

areas. An overview of the currently approved Mildred Lake tailings deposits is provided in 

Figure 1-1.  Centrifuge Cake and flocculated fluid fine tailings are the treatment 

technologies currently in use at the Mildred Lake site. 
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Figure 2-2  Overview of Cake Deposit Monitoring During Deposition 

 

 

 

 

 

 

 

  

 

 
Figure 2-3 Overview of Flocculated Tailings Deposit Monitoring During Deposition 
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Table 2-1   Measurement of Water and Fluid Tailings Volumes for Reporting on Directive 085, Appendix 3 Accounting 
Table 
 

Parameter Tool 

Density1,2 

Frequency 
Mildred Lake 
Settling 
Basin 
(MLSB) 

North Mine 
South Pond 
(NMSP) 

South West 
In-Pit (SWIP) 

South West 
Sand 
Storage 
(SWSS) 

Cake Deposit 
(NMCP) 

North Mine 
Center Pit 
(NMCP) 

Water level 
and surface 

Survey Continuous Continuous Continuous Continuous N/A Continuous Annually 

Mudline Sonar Continuous Continuous Continuous Continuous N/A Continuous Annually 

Mudline 
Fixed 

Interval 
Sampler 

Horizontally: 
up to 700m        
Vertically: 
40cm above 
mudline, at 
the mudline, 
50cm below 
mudline, 
sampled at 
every 0.1m 

Horizontally: 
up to 900m       
Vertically: 
40cm above 
mudline, at 
the mudline, 
50cm below 
mudline, 
sampled at 
every 0.1m 

Horizontally: 
up to 900m       
Vertically: 
40cm above 
mudline, at 
the mudline, 
50cm below 
mudline, 
sampled at 
every 0.1m 

Horizontally: 
up to 2000m      
Vertically: 
40cm above 
mudline, at 
the mudline, 
50cm below 
mudline, 
sampled at 
every 0.1m 

N/A 

Horizontally: 
up to 900m      
Vertically: 
40cm above 
mudline, at 
the mudline, 
50cm below 
mudline, 
sampled at 
every 0.1m 

Annually 

Bottom of 
Fluid 

Tailings 
CT09 N/A 

Horizontally: 
up to 200m 
grid 

Horizontally: 
up to 200m 
grid 

Horizontally: 
up to 300m 
grid 

N/A 
Horizontally: 
up to 200m 
grid 

Annually 

Bottom of 
Fluid 

Tailings 
CPT 

Horizontally: 
up to 700m 

Horizontally: 
up to 900m 

Horizontally: 
up to 900m 

Horizontally: 
up to 2000m 

Horizontally: 
up to 900m 

Horizontally: 
up to 900m 

Annually 

Bottom of 
Fluid 

Tailings 

Fluid 
Sampler 

Horizontally: 
up to 700m   
Vertically: 1m 
continuous 
sampling 
until 
hardbottom 

Horizontally: 
up to 900m   
Vertically: 1m 
continuous 
sampling 
until 
hardbottom 

Horizontally: 
up to 900m   
Vertically: 1m 
continuous 
sampling 
until 
hardbottom 

Horizontally: 
up to 2000m    
Vertically: 1m 
continuous 
sampling 
until 
hardbottom 

N/A 

Horizontally: 
up to 900m    
Vertically: 1m 
continuous 
sampling 
until 
hardbottom 

Annually 
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Table 2-2   Measurement of Water and Fluid Tailings Volumes for Reporting on Directive 085, Appendix 3 Accounting 
Table (Continued) 
 

Parameter Tool 

Density1,2 

Frequency 
Mildred Lake 

Settling 
Basin 

(MLSB) 

North Mine 
South Pond 

(NMSP) 

South West 
In-Pit (SWIP) 

South West 
Sand 

Storage 
(SWSS) 

Cake Deposit 
(NMCP) 

North Mine 
Center Pit 
(NMCP) 

CT Deposit 
Sonic 

Sampler 
N/A N/A 

Horizontally: 
up to 900m     
Vertically: 1m 
continuous 
until 
hardbottom 

N/A N/A N/A Annually 

Cake 
Deposit 

Sonic 
Sampler 

N/A N/A N/A N/A 

Horizontally: 
up to 900m     
Vertically: 1m 
continuous 
for material 
placed since 
last sampling 
campaign; 
every other 
2m for 
remainder of 
deposit until 
hardbottom 

N/A Annually 

Flocculated 
Fluid Fine 
Tailings 
Deposit 

Sonic 
Sampler 

N/A N/A N/A N/A N/A 

Horizontally: 
up to 900m      

Vertically: 1m 
continuous 

until 
hardbottom 

Annually 

1.     Test spacing can be adjusted based on engineering judgement 
2.     East In-Pit removed as it is no longer an active tailings deposit. 
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Table 2-2 Measurement of Water and Fluid Tailings Properties for Determination of RTR Status 

 

Parameter Tool 

Density1,2 

Frequency 
North Mine 
South Pond 

(NMSP) 

South West In-
Pit (SWIP) 

Cake Deposit North Mine 
Center Pit 
(NMCP) 

Solids Content GCPT 
Horizontally: up 
to 900m 

Horizontally: up 
to 900m 

Horizontally: up 
to 900m 

Horizontally: up 
to 900m 

Annually 

Fines Content GCPT 
Horizontally: up 
to 900m 

Horizontally: up 
to 900m 

Horizontally: up 
to 900m 

Horizontally: up 
to 900m 

Annually 

Solids Content Fluid Sampler 

Horizontally: up 
to 900m      
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Horizontally: up 
to 900m     
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Horizontally: up 
to 900m                      
Vertically: 1m 
continuous for 
material placed 
since last 
sampling 
campaign; 
every other 2m 
for remainder of 
deposit until 
hardbottom 

Horizontally: up 
to 900m       
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Annually 

Fines Content Fluid Sampler 

Horizontally: up 
to 900m   
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Horizontally: up 
to 900m    
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Horizontally: up 
to 900m                    
Vertically: 1m 
continuous for 
material placed 
since last 
sampling 
campaign; 
every other 2m 
for remainder of 
deposit until 
hardbottom 

Horizontally: up 
to 900m    
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Annually 
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Table 2-2 Measurement of Water and Fluid Tailings Properties for Determination of RTR Status (Continued) 
 

Parameter Tool 

Density1,2 

Frequency 
North Mine 
South Pond 
(NMSP) 

South West In-
Pit (SWIP) 

Cake Deposit 
North Mine 
Center Pit 
(NMCP) 

Solids Content Sonic Sampler 

Horizontally: up 
to 900m      
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Horizontally: up 
to 900m     
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Horizontally: up 
to 900m                     
Vertically: 1m 
continuous for 
material placed 
since last 
sampling 
campaign; 
every other 2m 
for remainder of 
deposit until 
hardbottom 

Horizontally: up 
to 900m       
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Annually 

Fines Content Sonic Sampler 

Horizontally: up 
to 900m   
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Horizontally: up 
to 900m    
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Horizontally: up 
to 900m                     
Vertically: 1m 
continuous for 
material placed 
since last 
sampling 
campaign; 
every other 2m 
for remainder of 
deposit until 
hardbottom 

Horizontally: up 
to 900m    
Vertically: 1m 
continuous 
sampling until 
hardbottom 

Annually 

1.     MLSB and SWSS were not included as there are no treated tailings in either deposit. 

2.     East In-Pit removed as it is no longer an active tailings deposit.
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2.2    Determination of Fluid and Non-Fluid Tailings Boundary 

 

 

 
 

Figure 2-4 Typical Fluid Tailings Deposit Profile2 

 

The hard bottom surface of fluid tailings deposits is determined using a combination of 

drop-sounding (CT09) tests and gamma cone penetration (GCPTu) tests. Where 

appropriate, GCPTu tests are completed to confirm the CT09 results. 

  
 

2 Guidelines for Determining Oil Sands Fluid Tailings Volumes, COSIA, June 2015 

The measurement techniques used by Syncrude are consistent with the methodology 

outlined in Canada’s Oil Sands Innovation Alliance (COSIA) Guidelines for Determining Oil 

Sands Fluid Tailings Volumes (June 2015) and as included as Appendix 4 of Directive 085. 

An illustration of a typical fluid tailings deposit profile is provided in Figure 2-4. 

The fluid tailings volume is defined as the volume between the top of fluid tailings (mudline) 

and the bottom of fluid tailings (hard bottom surface). For typical fluid tailings deposits 

containing a water layer at the surface, the top of fluid tailings is determined by completing 

sonar surveys with a commercial sonar tool (fish finder) on a boat.  Several sample 

locations are selected in each deposit, with samples taken at close intervals around the 

mudline to confirm accuracy. At each sample location a sonar spot shot is taken to 

determine the approximate mudline depth.   A fixed interval sampler is then used to collect 

10 simultaneous samples with each sample spaced 10cm apart. One sample is collected 

at the mudline (as determined from the sonar shot), five samples are taken below the 

mudline and four samples are collected above the mudline, as shown in Figure 2-5.  For 

the centrifuged cake deposit samples are collected in 1m intervals between the current 

years surface elevation to the elevation at the time of the previous year’s sampling 

campaign.  Every other 2m of the deposit is sampled until hardbottom is reached. The 

sampling profile for centrifuged cake is shown in Figure 2-6. 
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Figure 2-5 Fluid Tailings Sampling Profile 
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Figure 2-6 Cake Deposit Sampling Profile  
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CT09 testing at Mildred Lake is completed on a grid pattern throughout all typical fluid 

tailings ponds. As the test locations get closer to the pond’s edge the grid spacing may be 

tightened to allow for complete coverage of the pond.  For example, if a CT09 test was 

completed 150m away from the water edge, another test would be completed as close to 

the edge as possible.  This would be a slight deviation from the grid but allows for better 

overall coverage.  The grid spacing might also be tightened in areas where the underwater 

beach toe is being explored to better measure the underwater slope. 

 

Sample spacing is chosen to ensure the entire surface area of the deposit is adequately 

covered and varies from 300m to 2000m.  In deposits where GCPTu testing is completed, 

the spacing also varies from 300m to 1700m to ensure adequate coverage of the deposit. 

Typical grid spacing is shown in Table 2-3. 
 

 

Table 2-3 Mildred Lake Sampling and Measurement Grid Summary 

 

 

Deposit 

 

CT09 Grid 
Spacing (m) 

 

GCPTu Grid 
Spacing (m) 

 

Sample Grid 
Spacing (m) 

MLSB N/A 400 700 

NMSP 200 700 900 

SWIP 200 900 900 

EIP N/A 300 300 

SWSS 300 1700 2000 

Cake N/A 300 300 

Floc-T 200 900 900 
 

 

 

 

Northing, easting and elevation data is collected for each testing location completed. Maps 

and tabular data showing the survey locations of the tailings deposits are provided to the 

AER annually in the Mildred Lake Tailings Annual Management Report, as per the 

reporting requirements in Directive 085 and Mildred Lake Oil Sands Conservation Act 

(OSCA) Commercial Scheme Approval No. 8573, as amended. An example of a fluid 

tailings pond with the sampling and measurement locations is shown in Figure 2-7. An 

example of a centrifuged cake tailings deposit with the sampling and measurement 

locations is shown in Figure 2-8. 
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Figure 2-7 Example Fluid Tailings Pond Sample and Measurement Locations3 

 

 

 

 

 

 
3 2021 Mildred Lake Tailings Annual Management Report – Syncrude, Mildred Lake Site, April 29, 2022 
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Figure 2-8 Example Centrifuge Cake Deposit Sample and Measurement Locations4 

 

  

 
4 2021 Mildred Lake Tailings Management Report – Syncrude, Mildred Lake Site, April 29, 2022 
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2.3    Data Evaluation and Volume Calculations 

 

The volumes of various materials in the Mildred Lake tailings deposits are modelled using 

CADD modelling software (currently Surpac).  All data is processed in Microsoft Excel for 

input into the models. Various surfaces within thedeposits are based on sonar data, 

laboratory sample results, and aerial surveys. 

 

Samples within the deposit are classified as either recycle water (RCW), fluid tailings (FT), 

composite tailings (CT), centrifuge cake or sand. FT can consist of fluid fine tailings or 

composite tailings if the strength of the materials has not yet reached 5 kPa.  The original 

base of the deposits is created from aerial survey data collected before infilling begins. 

 

The top of the tailings surfaces is generated from aerial data for the beach above water 

portion, high precision GPS data from units mounted on tailings dozers if there is recent 

cell construction in the area that has not been captured in the aerial survey, and CT09 

soundings combined with GCPTu tests for the bottom of FT/hard bottom surface.  The 

hard bottom surface and the aerial data are merged to create the final hard bottom surface. 

 

The top of RCW is determined through survey elevation shots executed by Syncrude’s 

survey team. The base of the RCW/mudline is determined from sonar data points taken 

around the pond. Finally, the total FT volume is calculated as the volume from the mudline 

surface to the hard bottom surface. The centrifuge cake volume is calculated as the volume 

from the aerial surface to the original pit floor before infilling began. 
 

2.4    Ready to Reclaim Criteria Measurements 

 

As outlined in Appendix C of OSCA Approval No. 8573, as amended, Syncrude is required 

to meet the following Ready to Reclaim (RTR) criteria for its Composite Tailings (CT), 

Centrifuge Cake and Flocculated Tailings deposits:
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Table 2-4 RTR Criteria for Mildred Lake 

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 standards and procedures used to measure the RTR criteria for subobjective 1 are 

described in Sections 3 and 4 of this submission. The criteria are applied to the fluid 

volume (above hard bottom) and material not meeting the RTR criteria will be accounted 

as part of the FT inventory. 

 

Groundwater monitoring is completed as required under Environmental Protection and 

Enhancement Act (EPEA) Approval No. 26-03, as amended. The Mildred Lake 

groundwater sampling protocols, including the quality assurance/quality control 

procedures are provided in the Mildred Lake Groundwater Monitoring Report, submitted to 

the AER annually. Additional information regarding Syncrude’s groundwater monitoring 

program is included in Section 6 of this submission.
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3. Measurement Standards and Procedures 

3.1    Tailings Measurements 

 

The measurement techniques used by Syncrude are consistent with the methodology 

outlined in Canada’s Oil Sands Innovation Alliance (COSIA) Guidelines for Determining Oil 

Sands Fluid Tailings Volumes (June 2015) and as included as Appendix 4 of Directive 085. 
 

3.1.1. Sonar Surveys 

 

The mudline in the tailings deposits is measured by completing sonar surveys with a 

commercial sonar tool (commonly a fish finder) and a Global Positioning System (GPS) 

mounted on a boat.  The sonar data is checked against both physical fixed interval samples 

and gamma response data (from GCPTu testing, if completed) to confirm the sonar 

readings. The gamma module on the GCPTu detects naturally occurring radiation from 

radioactive elements within a soil deposit. Clayey soils emit greater amounts of natural 

gamma radiation due to the presence of potassium-40 (40K).  Due to the absence of clay 

material in the water cap there will be no gamma response in the water layer.  The increase 

in gamma response indicates the change from water to Fluid Tailings (FT). The sonar 

survey and the fixed interval sample data are typically collected within two weeks of each 

other.  In active ponds, any data collected outside of this time range is deemed 

unacceptable for comparison due to the potential for changes in the mudline. The majority 

of sonar mudline and sample mudline elevations are typically expected to be within 30cm 

of each other to be deemed acceptable for reporting purposes. 

 

 
 

 

Figure 3-1  Example sonar tool with transducer and GPS 
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3.1.2. Fixed Interval Sampler 

 

The fixed interval sampler5  is capable of collecting 10 simultaneous samples around the 

mudline of each sample location.  Samples are vertically spaced at 10cm intervals around 

the mudline. The sampler can collect both water and FT at depth. 

 

The sampler is comprised of modules of sample cylinders. Each module contains 10 

sample cylinders with centers fixed at 10cm intervals.  The sampler uses a compressed 

gas source to keep the sample chambers closed until the desired sample depth range is 

reached.  The sampler is lowered to the desired sample depth range and left for 

approximately five minutes to allow the fluid column to settle.  The samples are then 

collected. Once the cylinders are filled, the sampler is winched back to surface. Plastic 

bottles are attached to each cylinder and the samples are extruded. Samples are then 

sent to the laboratory for analysis. 

3.1.3. Wireline Fluid Sampler 

 

The wireline fluid sampler can collect samples of water and FT at depth. Samples are 

collected at 1m vertical intervals. 

 

The fluid sampler is comprised of two parts; a lower portion consisting of a piston inside a 

cylindrical chamber which collects the sample and an upper weight which keeps the 

sampler in an upright position as it is lowered to the sample depth. A compressed gas 

source is used to keep the four or ten litre sample chamber closed until the sampler 

reaches the desired depth and a sample is then collected.  Unlike other sampling 

methods such as sonic or traditional piston sampling, the fluid sampler is not advanced 

while the sample is being taken. The sampler is winched back up to the surface and the 

sample is extruded into a pail. Samples are then sent to the laboratory for analysis. 

3.1.4. Sonic Sampler 

 

The sonic sampler collects 50mm diameter samples in one to two meter lengths at depth. 

Samples are collected in material with a higher yield strength than the fluid tailings. 

 

The sonic drill head uses mechanically induced vibration that is transferred directly to the 

drill rods and sampler.  The vibrations induce a layer of liquefaction surrounding the rods 

which reduces both rod friction and tip resistance. Prior to deployment, the chamber in the 

barrel is filled with water moving the piston through the barrel to the leading edge of the 

sampler. The water valve is locked, ensuring that the piston remains at the leading edge 

and no soil is collected prematurely.  The sonic drill head is used to advance the sampler 

into the ground from the surface. 

 
5 Developed by ConeTec Investigations Ltd. 
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Once the desired depth is reached, the value holding the water in the barrel is unlocked and 

the drill string is vibrated down to the final depth, collecting a sample as the water behind 

the piston flows into the inner rods.  The sonic head is disconnected, and the water valve 

is closed, causing passive suction to hold the sample in the barrel. The drill string and 

sampler are pulled out of the ground and the sampler is extracted.  Samples are then sent 

to the laboratory for analysis. 

 

 

 

Figure 3-2  Sonic Drilling and Sampling6 

3.1.5. CT09 Testing 

 

CT09 testing is used to measure the hard bottom surface of tailings deposits. The CT09 

is a drop sounding tool.  Drop sounding is a rapid method of determining the bottom 

surface of the fluid tailings layer and is typically used to profile soft tailings deposits.  It 

works best in tailings deposits with sharp transitions between fluid tailings and hard 

bottom. 

 

 

Figure 3-3 CT09 Sounding Probe7 

 
6 Technical Guide for Fluid Fine Tailings Management, Oil Sands Tailings Consortium and the Canada’s Oil Sands 

Innovation Alliance, August 30, 2012 
7 Technical Guide for Fluid Fine Tailings Management, Oil Sands Tailings Consortium and the Canada’s Oil Sands 

Innovation Alliance, August 30, 2012 
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3.1.6. Gamma Cone Penetration Testing 

 

GCPTu testing is an in situ testing method that provides a detailed stratigraphic log of the 

tailings deposit with direct measurements of tip resistance, sleeve friction, pore pressure 

and passive gamma.  These measured properties are then used to calculate geotechnical 

parameters, such as shear strength; as well as tailings constituents such as solids and 

fines content. With GCPTu testing, a cone on the end of a series of rods is pushed into the 

tailings deposit at a steady rate of 2 cm/s. Typically one meter length rods with an outer 

diameter of 1.5 inches are added to advance the cone to the sounding termination depth. 

Continuous measurements are made of the resistance to penetration of the cone and of a 

surface sleeve. The fluid tailings bottom surface is determined based on resistance 

measurements. Gamma testing provides additional information regarding the relative fines 

content of the deposit. 

 

 

Figure 3-4  GCPTu Testing8
 

 
8 https://www.conetec.com/services/cone‐penetration‐testing/gcptu 
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3.1.7. Ball Gamma Cone Penetration Testing 

 

GBPTu testing is an in-situ testing method to assess the undrained shear strength (Su) of 

low to medium strength tailings that flow around the penetrometer. GBPTu testing collects 

direct measurements of ball tip resistance, pore pressure and passive gamma.   The test 

incorporates a standard cone penetrometer body and a spherical attachment that replaces 

the standard 60-degree conical tip. During penetration, the soil is able to flow around the 

penetrometer significantly reducing the influence of overburden stress as compared to the 

gamma cone penetration test (GCPT).     Data is recorded continuously, and the test is 

performed in the same manner as the GCPT. 

 

 

Figure 3-5 GBPTu Testing
8
 

 

 

 

 

 

 

 

8 https://www.conetec.com/services/cone‐penetration‐testing/full‐flow
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3.2    Laboratory Analysis 

 

Fluid Tailings samples are analyzed in the laboratory to determine the percent solids 

(solids content) and particle size distribution (PSD) of the solid materials within the tailings 

samples. Centrifuge cake samples are analyzed in the laboratory to determine the percent 

solids (solids content), percent bitumen (bitumen content) and particle size distribution 

(PSD) of the solids materials.  Several quality control procedures are put in place, 

including analyzing daily control samples and duplicate samples. Data management is 

addressed in Section 4.2. 
 

3.2.1. Percent Solids 

 

The percent solids in tailings samples are currently determined through an evaporative 

drying procedure. The sample bottles and evaporating dishes are measured when empty 

and when full and the masses are recorded, as displayed in Table 3-1. 
 

 

Table 3-1 Percent Solids Sample Sheet 

 

 

 

 

 

 

 

 

A calculation is then performed to determine the percent 
solids: 

 

% solids =  (W3-W4) x 100  
(W1-W2) 

 

Where % solids = solids content of sample, wt. % 
 

3.2.2. Particle Size Distribution 

 

The Beckman Coulter LS 13 320 Laser Diffraction Particle Size Analyzer is currently used 

for PSD analysis. The analyzer uses the principles of light scattering to measure the size 

distribution of particles suspended in the samples.  The Beckman Coulter LS 13 320 is 

considered an effective tool for tailings PSD characterization because it can detect particle 

sizes ranging from very fine (0.04 microns) to relatively large (2000 microns). The PSD 

results are provided as graphs and then interpolated into tabular form, as displayed in 

Figure 3-5.

 

Sample 
ID 

Wet Solids 
+ Bottle (g) 

W1 

Empty 
Bottle (g) 

W2 

Dry Solids 
+ Dish (g) 

W3 

Empty 
Dish (g) 

W4 

     

     



 

25 

 

 

 

 

 

Figure 3-6 Particle Size Distribution Results9 

 

3.3    Measurement Procedures Unique to Syncrude Mildred Lake 

 

In 2012 Syncrude worked with ConeTec Investigations Ltd. (ConeTec) to develop an 

empirical relationship between GCPTu results and lab sample results, known as the 

Tailings Behaviour Type (TBT) model. The model was developed by comparing paired 

GCPTu and sample locations to establish relationships between gamma counts per second 

and fines and clay content and between pore water pressure and percent solids. These 

relationships were developed using an extensive data set and were subsequently checked 

in 2013 to ensure solids and fines contents extrapolated from the cone data parameters 

were within the anticipated ranges in the TBT model. The relationships were checked 

again in 2015 when a significant paired data set had been developed for the Mildred Lake 

mine site and the results were again found to be within the anticipated ranges of the model. 

The developed TBT relationship model is unique to Syncrude. 

 

The TBT results are incorporated into the block models for the tailings deposits.  This is 

advantageous as it provides more data points for the modelling and has a quicker 

turnaround time. 

  

 
9 Beckman Coulter LS 13 320 Laser Diffraction Particle Size Analyzer User’s Manual, PN B05577AC, July 2017 
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4. Addressing Measurement Outcomes 

4.1    Quality Control and Assurance 

4.1.1. Equipment Verification 

 

Equipment verification is done by the contractor completing the work.  Current equipment 

verification QA/QC procedures used by ConeTec are provided in Appendix B. 

4.1.2. Field Data Validation 

 

Field data validation is done by focusing on equipment maintenance and calibration, cross 

validation of data with different tools and monitoring of equipment position during data 

collection. 

 

For CT09, GCPTu and sampling measurements, QA/QC procedures are provided by the 

contractor completing the work. Procedures can be found in Appendix B. 

 

For sonar data verification, it is the practice that all sonar data is collected within two weeks 

of sample and cone data being collected. Sonar results are then compared to lab results, 

and when available, gamma data from GCPTu tests.  The majority of sonar mudline and 

sample mudline elevations are typically within 30cm of each other to be deemed 

acceptable for reporting purposes.  If the sonar data shows a larger discrepancy, then the 

mudline of the pond is determined using a combination of sample and gamma data. 

4.1.3. Verification and Validation of Laboratory Data 

 

All lab data results are checked for accuracy when the results are received.  Samples are 

compared to other samples from the same hole to ensure results are as expected; as well 

as, across holes to look for trends within the deposit.  Samples with unexpected results 

are compared to the sample photos that were collected in the field during sample collection. 

If the lab result differs greatly from what would be expected based on the photo, then the 

results are double checked to ensure there were no errors in the reporting process. Based 

upon this evaluation, a sample result may be discarded. 

 

As a check on the validity of the laboratory data, a duplicate sample is tested every 15 

samples and a control sample is tested every shift (12 hours) during processing. 
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4.1.4. 3D Model Confirmation 

 

Once the data has been modelled using the CADD 3D modelling software, checks are 

done against original data points to ensure accuracy of the model.  Cross sections are 

completed and compared to original core data. Interpretation between holes is checked 

to ensure no anomalies are present.  If anomalies are found the modelling process is 

investigated and repeated as necessary. 
 

4.2    Data Management System 

 

Records from samples are kept in the lab in hard copy format for one year.  After one year 

the hard copies are transferred to records retention and kept for a period of ten years, as 

required under section 2.2 of EPEA Approval 26-03, as amended. 

 

Digital copies of the sample results (for the previous 10 years) are also kept on the 

Syncrude file network which is backed up regularly. 

 

All lab results are also stored in an external database maintained by a contractor. GCPTu, 

CT09, sample logs, photos and TBT data are stored in the same external database.  Data 

is backed up nightly in accordance with company policy.  This data is also stored internally 

on the Syncrude LAN which is backed up in accordance with corporate policies. 

5. Treated Tailings Monitoring and Reporting 

5.1    CT Production 

 

Syncrude is not currently producing CT at the Mildred Lake site. 

5.2    CT Deposit 

 

For the fluid portion of each treated tailings deposit, effective stress and pore water 

pressure are measured with the GCPTu tests and samples are analyzed for particle size 

distribution (PSD) and percent solids (solids content) using the Coulter laser diffraction 

method, as described in previous sections.  Treated tailings monitoring and reporting 

information is reported to the AER in the Mildred Lake Tailings Management Reports, as 

required.  Results are compared to RTR criteria and anything not meeting RTR criteria is 

included as part of the fluid tailings inventory. 
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5.3    Deep Cake Production 

 

Flow and density information are measured on both trains 1 and 2, each supplying 9 

centrifuges. Flue gas desulfurization solids slurry is injected into the pipeline upstream of 

the centrifuge plant, with flow and density being measured to indicate dosage rate. FT and 

polymer flowmeters are also installed on each individual centrifuge which allow control 

over the feed rate and monitoring of centrifuge production. Samples from the centrate 

(returned to MLSB) and cake (transported to the cake deposit) streams are also collected 

from all available and running centrifuges every 3 hours. The samples are analyzed for 

solids content to ensure the centrifuges are performing within the target specifications. 

Samples of the polymer solution are also collected every shift to determine the 

concentration of the polymer solution and ensure proper dosage. The flows, density and 

centrifuge samples are used in a mass balance sheet to estimate the daily cake and 

centrate production.  

 

Composite samples, consisting of small volumes from 8 daily samples, are analyzed daily 

to measure for solids content, bitumen, particle size distribution and different metal 

concentrations. The sand and fines content, as well as solids content help in the 

optimization of centrifuge production and improving machines reliability. 

5.4    Deep Cake Deposit 

 

For the centrifuge cake treated tailings deposit, shear strength and pore water pressure 

are measured with the GBPTu tests and samples are analyzed for particle size distribution 

(PSD) using the Coulter laser diffraction method, as described in previous sections. 

Percent solids and bitumen content are determined using Dean and Stark Analysis. 

Treated tailings monitoring information is reported to the AER in the Mildred Lake Annual 

Tailings Management Reports, as required.  Results are compared to RTR criteria and 

anything not meeting RTR criteria is included as part of the fluid tailings inventory. 

 

5.5 Flocculated Tailings Production 
 

The Flocculated FT Plant receives FT feed slurries from the existing centrifuge plant 

through one 24-inch pipeline. Flue gas desulfurization solids (FGDS) slurry is injected as 

a coagulant into the FT feed pipeline beforehand in the centrifuge plant. Recycle water, 

supplied by the centrifuge plant, is used to dilute the FT feed slurries. The diluted FT feed 

slurry is then divided into two pipelines to feed two dynamic inline mixers, each of which 

makes up one flocculated tailings production train. Polymer solutions, supplied by the 

polymer makedown systems in the centrifuge plant, are injected into each of the FT 

feedlines as a flocculant right before each dynamic inline mixer. Flocculated tailings 

product samples are regularly collected from the discharge pipelines downstream from the  
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dynamic inline mixers or the booster pumps. The flocculated tailings product is discharged 

into the North Mine Centre Pit (NMCP).  

 

Dewatering performance of the flocculated tailings products is determined by CST 

measurements. The flocculant dosage and the rotational speed of the impeller of each 

mixer are adjusted to ensure that the quality of the flocculated tailings product meets the 

target specification.  

 

5.6 Flocculated Tailings Deposit 
 

For each treated tailings deposit, effective stress and pore water pressure are measured 

with the GCPTu tests and samples are analyzed for particle size distribution (PSD) and 

percent solids (solids content) using the Coulter laser diffraction method, as described in 

previous sections.  Treated tailings monitoring information is reported to the AER in the 

Mildred Lake Annual Tailings Management Reports, as required.  Results are compared 

to RTR criteria and anything not meeting RTR criteria is included as part of the fluid tailings 

inventory. 

6. Groundwater Monitoring and Reporting 
 

Groundwater monitoring is conducted to verify that any seepage from tailings storage 

areas does not result in adverse effects.  Typically, the surficial aquifer and surface waters 

around tailings structures reflect natural water chemistry. The analytical results from the 

groundwater monitoring program are compared to background/natural chemistry to 

indicate whether process water may be present. Further evaluation is triggered if an area 

reflecting process water chemistry is identified.  Figure 6-1 provides an overview of the 

typical timeline for installation and monitoring of a groundwater observation well. 
 

 

The Mildred Lake groundwater sampling protocols, including the quality assurance/quality 

control procedures are provided in the Mildred Lake Groundwater Monitoring Report, 

which is submitted annually. 
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Figure 6-1 Typical Timeline for Installation and Monitoring of an Observation Well 
 

 

 

Syncrude ensures that sample collection, preservation, storage, handling and analysis of 

industrial wastewater, industrial runoff and groundwater are conducted in accordance with 

the Standard Methods for the Examination of Water and Wastewater, as per condition 

2.3.1 (ii) of Syncrude EPEA Operating Approval 26-03, as amended. 
 

Except for field measurements, Syncrude analyzes all sample parameters in a laboratory 

accredited to ISO 17025 for the parameters being analyzed, as per condition 2.3.2 of 

Syncrude EPEA Operating Approval 26-03, as amended. Syncrude currently contracts an 

accredited Bureau Veritas Canada Inc laboratory to complete the groundwater sample 

analyses.  Table 6-1 summarizes the reference methods utilized by Bureau Veritas 

Canada Inc for the groundwater monitoring program. 
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Table 6-1 Laboratory Reference Methods 

Analysis Reference Method 

Alkalinity SM 23 2320 B m 

BOD SM 22 5210B m 

Chloride SM 22-4500-Cl-E m 

DOC MMCW 119 1996 m 

Conductivity SM 23 2510 B m 

Dissolved and Total Mercury EPA 1631 RE 20460 m 

Naphthenic Acids EPA 3510C R3 / FTIR 

Nitrate/Nitrite SM 23 4110 B m 

PAH EPA 3510C/8270E m 

Sulfide SM 22 4500 S2-A D Fm 

Sulphate SM 22 4500-SO4 E m 

TDS SM 23 2540 C m 

DIC SM 23 5310 A,C m 

Total Phosphorus SM 22 4500-P A,B,F m 

BTEX F1 CCME CWS/EPA 8260d m 

F2-F4 CCME PHC-CWS m 

Total and Dissolved Metals EPA 6010d R4 m, EPA 6020b R2m 

Phenols 4-AAP EPA 9066 R0 m 

TEH30 CCME PHC-CWS m 

TSS SM 23 2540 D m 
 

 

Syncrude EPEA Operating Approval 26-03, as amended, is followed for all groundwater 

sampling and analyses. 

 

The laboratory analysis reports, and sample Chain of Custodies are retained for a 

minimum of ten years, as required. Syncrude compiles, analyzes, models, and reviews the 

groundwater monitoring data and provides the information to the AER in the Annual 

Groundwater Monitoring Report, which is submitted annually, as per clauses 4.5.12 and 

4.5.13 of EPEA Approval 26-03, as amended. 
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7. Surface Water Monitoring and Reporting 
 

This program provides a comprehensive understanding of the water chemistry and 
constituent mass loadings of each facility. Additionally, this program allows for long-term 
water chemistry trends to be assessed against any chemistry changes in the ore body, 
extraction process, and tailings treatment technologies.   

7.1 Sampling Locations 
 

The 2022 surface water sampling locations can be found below in Table 7.1. While the 
program attempts to sample from the same location year after year, the exact location can 
vary due to water depth, access limitations, and yearly offsets. Surface water samples are 
collected from locations that have a water depth greater than 0.5m. If there is insufficient 
water depth, an alternative sampling location is determined, and the new sampling location 
coordinates collected and reported with the water chemistry results. If the pond does not 
have a water cap >0.5m depth, or is inaccessible, and a pump system is present this 
system will be utilized to collect the water sample.  
 

 

Table 7-1 Targeted Sampling Locations for the Surface Water Chemistry Program  

Deposit Easting (UTM) Northing (UTM) 

MLSB  461254  6325577  

SWSS  454171  6315750  

SWIP  459201  6318198  

NMSP  457027  6321761  

NMSP Cake  See note below† 

NMCP  See note below† 

† Water will be collected from the deposit if sufficient water depth (>0.5m), if not,  
discharge water will be collected 

 
 

7.2 Sampling Frequency  
 

A surface water sample from each pond listed in Table 7.1 above is collected annually. 
Samples are collected during the open water season between May and October, with 
sampling targeted to be completed between May and July.   
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7.3 Sampling Methodology 
 

Water samples from each location are collected in five 20L polyethylene pails at a targeted 
depth of 0.5m below the water surface. Each pail is new and rinsed with the respective 
pond’s surface water prior to sample collection to reduce any potential constituent 
contribution from external sources. Four of the five pails are delivered to a third-party 
accredited lab for analytical analysis. A water sample is also shipped to the Syncrude 
Research & Development (R&D) analytical lab for analysis of specific constituents. Sample 
delivery to the accredited lab is preferably completed the same day as the sample is 
collected, if this cannot be accommodated the water samples are refrigerated and kept cool 
until delivery.  

7.4 Analytical Methodology:  

  
A comprehensive list of measured analytes can be found below in Table 7.2 to 7.4. Analysis 
includes:  

 Conventional water quality parameters (Table 7.2)  
 Total and dissolved trace metals (Table 7.3)   
 BTEX and F1-F4 hydrocarbons (Table 7.4)  
 Parent and alkylated polycyclic aromatic hydrocarbons (PAHs) (Table 7.4)  
 Volatile organic compounds (VOCs) (Table 7.4)  

Each table includes a list of the analytes, accredited third party lab method reference 
number (currently Bureau Veritas (BV)), constituents analyzed by the Syncrude R&D 
analytical lab, and analytical method reference.    
 
 

Table 7-2 Conventional Water Quality Parameters and Methods  

Analyte  BV Laboratory Method #  Analytical Method  

pH @25°C  AB SOP-00005  SM 23 4500-H+B m  

Conductivity @25C   AB SOP-00005   SM 23 2510 B m  

Alkalinity   AB SOP-00005  SM 23 2320 B m  

Total Suspended Solids  -  SM 23 2540 D m  

Total Dissolved Solids  AB SOP-00065  SM 23 2540 C m  

Hardness  -  Auto Calc  

Chemical Oxygen Demand  AB SOP-00016  SM 23 5220D m  

Biological Oxygen 

Demand  

AB SOP-00017  SM 23 5210B m  

Redox Potential  CAM SOP-00421  SM 2580 B  

Cyanide (total)  CAL SOP-00270  SM 23 4500-CN m  

Sulfides  SOP-00080  SM 23 4500 S2-A D Fm  

Dissolved Organic Carbon  AB SOP-00087  MMCW 119 1996 m  

Dissolved Inorganic 

Carbon  

CAL SOP-00076  Modified AE 2411  
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Table 7-2 Conventional Water Quality Parameters and Methods (Continued) 

 

 

  

 
10 Ripmeester, M., and D. A. Duford. 2019. “Method for routine “naphthenic acids fraction compounds” 

determination in oil sands process-affected water by liquid-liquid extraction in dichloromethane and 
Fourier-Transform Infrared Spectroscopy”. Chemosphere 223, 687-696. 

Analyte  BV Laboratory Method #  Analytical Method  

Tannin & Lignins  CAM SOP-00410  SM 23 5550B m  

Sodium  AB SOP-00042  EPA 6010d R5 m  

Potassium  

Magnesium  

Calcium  

Fluoride   AB SOP-00005  SM 23 4500-F C m  

Chloride  AB SOP-00020  SM23-4500-Cl/SO4-E m  

Bromide  AB SOP-00052  SM 23 4110 B m  

Sulfate  AB SOP-00020  SM23-4500-Cl/SO4-E m  

Carbonate  AB SOP-00005  SM 23 2320 B m  

Bicarbonate  

Orthophosphate  AB SOP-00025  SM 23 4500-P A,F m  

Total Phosphorus  AB SOP-00024  SM 23 4500-P A,B,F m  

Ammonia  AB SOP-00007  SM 23 4500 NH3 A G m  

Nitrite  AB SOP-00091  SM 23 4500 NO3m  

Nitrate  AB SOP-00091  SM 23 4500 NO3m  

Total Nitrogen  BBY6SOP-00016  SM 23 4500-N C m  

Acrylamide  CAM SOP-00935  EPA 8316m  

Phenols  AB SOP-00088  EPA 9066 R0 m  

Mercury (methyl)  BBY7SOP-00028  EPA 1630 m  

Alcohols in water  CAL SOP-00264  BCMOE Alco 09/17  

Naphthenic Acids by FTIR  -  Syncrude R&D Method  

(Ripmeester and Duford, 

2019) – Determination by 

DCM extraction and FT-IR 10 
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Table 7-3 Total and Dissolved Trace Metal Parameters and Methods  

Analyte   BV Laboratory Method 
#  

Analytical Method  

Aluminum   BBY7SOP-00002  

BBY7SOP-00003   

SM 23 3030B m - (filter and 

HNO3 preserve for dissolved 

metal analysis)  

  

EPA 6020b R2 m - Elements 

by ICP-MS  

Antimony  

Arsenic  

Barium  

Beryllium  

Boron  

Cadmium   

Chromium  

Cobalt  

Copper  

Iron  

Lead  

Lithium  

Manganese  

Mercury (dissolved)  AB SOP-00084  BCMOE BCLM Oct2013 m  

Mercury (total)  BBY7SOP-00002  

BBY7SOP-00003  

SM 23 3030B m - (filter and 

HNO3 preserve for dissolved 

metal analysis)  

  

EPA 6020b R2 m - Elements 

by ICP-MS  

Molybdenum  

Nickel   

Rubidium  

Selenium  

Silicon  

Silver  

Strontium  

Thallium  

Thorium  

Tin  

Titanium  

Uranium  

Vanadium  

Zinc  

Zirconium   
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Table 7-4 Hydrocarbon, PAH, and VOC Parameters and Methods  

Analyte  BV Laboratory Method 
#  

Analytical Method  

BTEX/F1  AB SOP-00039  CCME CWS/EPA 8260d m  

CCME Hydrocarbons (F2-

F4)  

AB SOP-00037  CCME PHC-CWS m  

Polycyclic Aromatic 

Hydrocarbons (PAHs)   

STL SOP-00177  

  

MA.400-HAP 1.1 R5 m  

  

Parent & Alkylated PAH in 

Water by GC/MS  

AB SOP-00037   

CAL SOP-00250  

EPA 8270e m  

  

Volatile Organic 

Compounds (VOC) in 

Water (Std and Ext List)  

AB SOP-00056  

CAL SOP-00104  

EPA 5021a/8260d m  

EPA 8260d R4 m  
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Appendix A - Acronyms and Abbreviations 
 

Acronym Definition 
AER Alberta Energy Regulator 

ASTM American Society for Testing and Materials 
BML Base Mine Lake 

BOD Biochemical Oxygen Demand 
BTEX Benzene, Toluene, Ethylbenzene and Xylenes 
CADD Computer-aided design and drafting 

cm centimeter 
COSIA Canada’s Oil Sands Innovation Alliance 

CPT Cone Penetration Test 
CT Composite Tailings 
CT09 ConeTec 2009 Drop Sounding Tool 

DOC Dissolved Organic Carbon 
DIC Dissolved Inorganic Carbon 
EIP East In-Pit 

EPEA Environmental Protection and Enhancement Act 
fs Sleeve friction 
FIS Fixed Interval Sampler 

flocculated tailings Flocculated Fluid Fine Tailings 
FT Fluid Tailings 

GBPTu Gamma Ball Penetration Test 
GCPTu Gamma Cone Penetration Test 

GPS Global Positioning System 
ISO International Organization for Standardization 

kPa Kilopascal 
LAN Local Area Network 
LiDAR Light Detection and Ranging 

m Meter 
µm Micrometer 
MLSB Mildred Lake Settling Basin 

MLX-E Mildred Lake Extension – East 
MLX-W Mildred Lake Extension - West 
NMCP North Mine Center Pit 

NMNP North Mine North Pond 
NMSP North Mine South Pond 

NMSPE North Mine South Pond East 
NMSPW North Mine North Pond West 
N/A Not Applicable 

OSCA Oil Sands Conservation Act 
OSL Oil Sands Lease 
PAH Polycyclic Aromatic Hydrocarbons 

PSD Particle Size Distribution 
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Acronym Definition 

/QC Quality Assurance/Quality Control 

qt Tip resistance 

RCW Recycle water 

RTR Ready to Reclaim 

σv’ Effective vertical stress 

SFR Sand to Fines Ratio 

Su Shear Strength 

SWIP South West In-Pit 

SWSS South West Sand Storage 

TBT Tailings Behaviour Type 

TDS Total Dissolved Solids 

TEH30 Total Extractable Hydrocarbon 

TMP Tailings Management Plan 

TSS Total Suspended Solids 

ud Dynamic pore pressure 

WIP West In-Pit 
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Appendix B – ConeTec QA/QC Procedures 
 

 

General Field Testing QA/QC 
 

Quality control (QC) procedures are put in place to ensure the performed services 

adheres to a defined set of quality criteria. 
 

•  Quality criteria 

o The data must be correct and complete 

•  Control procedures 

o Ensure equipment is working properly through instrument calibration, 

field checks (including instrument baseline verification and monitoring, 

depth verification, data quality checks) 

o Non-conformance tags attached to equipment not functioning properly 

and sent for assessment and repair 

o Data analysis team performs checks and verification on data collected 

using specialized software and standardizes processes 

o Senior review of data and data reports 

o Post processing checklists for data review process 

o Quality memos generated and communicated to all personnel 
 

Quality assurance (QA) processes are put in place to maintain a desired level of quality: 
 

•  Training conducted with all personal on procedures and protocols, in 

o Annual company training 

o New hire training 

o On the job training 

• On site field visits by project managers for verification of field procedures and 

quality check 

• Manuals and protocol documents generated, maintained and available to 

all personnel for reference and review 

 
 

CT09TM
 

 

The objective of a CT09 survey is to define the bottom bounding surface (termed 

hard bottom) for modelling fluid constituents and volume.  

Syncrude relies on third party expertise to conduct pond assessments and field sample 

collection. Where available third parties follow ASTM or industry standards for the work 

being completed. Syncrude uses ConeTec Investigations Ltd. (ConeTec) as the primary 

contractor for tailings deposits assessments. The quality checks provided here are those 

used by ConeTec. 
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QA/QC activities: 
 

•  Cone calibration date is within 1 year of testing date 

• Collect pre and post sounding coordinates, report horizontal deviation, it 

should never exceed 5% of sounding depth 

•  Up/down difference does not exceed 0.4m for soundings where depth is greater than 

10 meters 

• Up/down difference does not exceed 0.2m for soundings where depth is less than 

10 meters 

•  Cone penetrometer cleaned at the end of each day 

•  Cone penetrometer saturated prior to each sounding 

•  Provide individual cone penetrometer calibration records used on the project 

o Provides the appropriate data to show that the penetrometer has been 

properly calibrated within a timely manner in general accordance with 

ASTM standard D5778 

• Conduct multiple CT09s in a cluster to assess repeatability in each pond in 

multiple areas (shallow, deep, hard refusal areas, frictional refusal areas).  8 tests 

in a cluster (small offsets), 5-6 clusters in a pond centered about a GCPTu profile, 

ideally paired with sample data. Number of cluster locations will vary depending 

on deposit size. ConeTec to assess the repeatability of CT09 hard bottom 

measurements versus GCPTu and sample results. Provide a statistical analysis 

on a per-pond basis that evaluates the accuracy and precision of CT09 

measurements in the facility. 
 

 

GCPTu 
 

The objective of the GCPTu testing is to provide a detailed stratigraphic log of 

tailings deposit with direct measurements of tip resistance, sleeve friction, pore 

pressure and passive gamma.  The measured data is then used to calculate 

geotechnical parameters such as shear strength and tailings constituents (TBT). 
 

QA/QC activities: 
 

•  Testing procedures generally meet or exceeds ASTM D5778 

•  Cone calibration date is within 1 year of testing date 

•  Each filter is saturated in silicone oil or glycerine under vacuum pressure prior to use 

• Recorded cone penetrometer baselines are checked with an independent 

multi- meter (applicable to analog systems only) 

•  Baseline readings are compared to previous readings 

• Soundings are terminated at the client’s target depth or at a depth where an 

obstruction is encountered, excessive rod flex occurs, excessive inclination 

occurs, equipment damage is likely to take place, or a dangerous working 

environment arises 

• Differences between initial and final baselines are calculated to ensure zero 

load offsets have not occurred to ensure compliance with ASTM standards 
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•  Cone penetrometer is cleaned between soundings 

• Before and after each sounding, gamma modules are verified against reference 

values from materials having consistent output. These values are recorded for 

inspection during data processing.  Data scaling may be conducted using pre and 

post calibration values. 

• There are certain geotechnical properties or physical laws that cannot be violated 

and as such are used for detailed quality control checks. The review procedure 

identifies any such violations and recommends small adjustments to the data or a re- 

collection of field data 

o fs >= 0, qt >= 0 
 Sleeve friction cannot be negative (because of the design, a ConeTec 

cone sleeve load cell cannot go into tension) nor should the tip 

resistance 

o qt >= ud 

 Because the tip is a total stress sensing device the tip resistance (qt) 

cannot be less than the total overburden stress.  In typical 

geotechnical testing the unit weight of the material must be estimated 

to determine the total overburden stress, however, in fluid tailings the 

total stress is a result of the fluid pressure which is directly measured 

by the dynamic pore pressure (ud) channel. 
o σv’ >= 0.0 

 Effective vertical stress must not be negative.  Since in ConeTec 

software the total stress and the fluid pressure are independently 

calculated, slight negative values may be computed. 

•  Provide individual cone penetrometer calibration records used on the project 

•  Provide zero load readings for each sounding 

o Baselines between soundings should be similar for the same cone 

o Provide the cone calibration check record for cones that have undergone a 

load-cell shift 

• Provide a table highlighting the point reading resolution for each capacity of 

penetrometer used on the project 

• TBT interpretations to be compared with sample results collected adjacent to the 

sounding.  A statistical analysis of TBT variance from lab data will be presented with 

each report. 

•  Report on methodology of unit weight assumptions and method of determination. 
 

 

Sampling 
 

The object of tailings sampling is to collect profiles of physical samples for laboratory 

analysis, and to provide solids content and fines content.  



 

   

 

 

QA/QC activities: 
 

• Record gas pressure during deployment of gas actuated piston samplers (verify 

that gas pressure exceeds deposit pressure). 

•  Collect photographs of all samples. 

•  Mudline from sonar reading is within 10cm of the mudline from FIS samples 

•  Locations with paired sampling/GCPTu/CT09: 

o Mudlines should be within 10cm 

o Fluid sampler refusal is within 1m of CT09 refusal 

• Collect duplicate samples (one in fifty). Analyze duplicate pairs for repeatability 

and provide summary statistics per deposit. Duplicate sampling density may 

need to be increased in smaller tailings facilities to get a statistically meaningful 

set of data pairs for the deposits. This error analysis will contain components of 

field collection error, spatial variability error and laboratory analysis error. 

 


