
The Fines Management Working Group of COSIA undertook a project to develop a 
method for measuring fines that would result in “technically sound, statistically 
defendable, and consistent measurement methodology for oil sands fines (<44-
micron particle size) which is applicable across all areas of an oil sands processing 
facility.” The ultimate client for this work was the Alberta Energy Regulator (AER), 
as required by the now replaced Directive 74. Their ability to equitably monitor 
tailings management practices at the various sites would be enhanced if all of the 
oil sand operators in the Athabasca region could generate comparable fines data.  

The project was executed for COSIA by the Fines Management Working Group 
(FMWG), a collaboration of various members of the oil sands industry supported by 
personnel from the AER. Sometime after the FMWG project was initiated Directive 
74, which depended on a material balance of fines, was rescinded and replaced 
with Directive 85, which focused more simply on fluid fines tailings volumes. This 
would seem to eliminate the objective of the method being suitable for fines mass 
balancing. Nonetheless, COSIA remained committed to completing the project in 
support of general tailings characterization.  

The FMWG carried out a Design of Experiment (DOE) study primarily to 
understand the effect of sample preparation variables on the reported fines 
content. This led to the writing of a draft Unified Fines Method, which was used in a 
pilot inter-laboratory study (ILS) and a formal study known as ILS 1. As a result of 
the pilot ILS and ILS 1 the FMWG made revisions to the Unified Fines Method in 
advance of ILS2. The two versions of the method used during ILS 1 and ILS2 are 
appended to this report for informational purposes.   

ILS 2 was intended to provide the repeatability and reproducibility statistics for the 
final Unified Fines Method.  However, the ILS 2 demonstrated that reproducibility, 
which is the difference in fines measurements that will be exceeded only one time 
in twenty by two randomly chosen but competent laboratories, was very poor. The 
reproducibility relative to the fines content ranged from 40% to 90% for materials 
such as oil sand core in two separate inter-laboratory studies.  

The project objective was also extended to include “the incidental benefit to 
measuring the entire Particle Size Distribution (PSD).” However, the data acquired 
during the ILS was not sufficient to support findings regarding the entire PSD. So, 
while there was some consideration of the impact of certain variables on the PSD of 
the <44-μm fraction during the DOE, the data that was collected during the ILS 
rounds did not allow for an assessment of the benefits of the Unified Fines Method 
to the entire PSD.  

Given the poor reproducibility demonstrated during ILS 2, and the rescinding of 
Directive 74, the FMWG does not recommend the enclosed methods to be 
implemented as an industry standard.  



 

Although the reproducibility was poor, the information gathered during these 
studies may help laboratories better understand and refine their internal methods 
as is appropriate. In particular, the laser diffraction steps of the method saw 
significant improvement through the research and work that informed the creation 
of the method. Additionally during this study a method for Dean Stark was 
published which may be found in the appended report. 
 
In the event that the regulator returns and requests a method for the measurement 
of fines that are <44micron the Fines Management Working Group believes that 
further work would need to be completed to produce a universally satisfactory 
method.  
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EXECUTIVE SUMMARY 

InnoTech Alberta (ITA) initiated an Interlaboratory Study (ILS) for Canada’s Oil Sands Innovation 
Alliance (COSIA) to determine the precision (meaning repeatability and reproducibility, but not 
accuracy) of their analytical method: Unified Fines Method for minus 44 microns material and for Particle Size 
Distribution. This method was developed to assist oil sands producers to meet regulatory requirements 
from Alberta Energy Regulator Directive-074. Though this regulation was suspended in March 2015, the 
ILS was continued by COSIA based on the work already completed and the value to industry of the 
particle size distribution and other tests.  
 
This ILS differed in significant ways from the standard ASTM ILS because the original method: (a) was 
new to the labs, (b) included multiple paths (choice of procedural steps selected and followed by labs 
using the method) to the final result, (c) allowed labs to follow more than one path, and (d) was subjected 
to revision during the ILS. The ILS comprised a Pilot Round and two full-scale rounds of testing. The 
main purpose of the Pilot Round was to determine whether the method, protocols, and procedures were 
clear to all involved and that all laboratories were proficient in using the method. No precision statement 
for the method was determined for the Pilot Round, nor was it the intent. 
 
For Round 1, only twelve of the 16 paths were used by the nineteen participating laboratories. Six 
hundred and six measurements were made for three MFT-type materials (mature fine tails) and four oil 
sands ore-type materials and thirty-six of these (5.9% of the data) were excluded as outliers. This level of 
data rejection meant that the precision might not be met in routine application of the method. The 
precision statement for Round 1 covers materials containing from 12.3 to 89.3 wt.% of fines less than 44 
microns. The repeatability limit ranged from 2.26 to 7.86 wt.% of fines, while the reproducibility limit 
ranged from 10.82 to 35.66 wt.% of fines. Repeatability and reproducibility were not strongly correlated 
with fines content of the materials. Statistical analysis indicated that method paths involving 
disaggregation by mortar and pestle had the lowest consistency. Therefore, a revised method for 
disaggregation was evaluated in Round 2.  
 
The revised method employed in Round 2 allowed for four distinct paths for use by the fifteen 
participating labs. Four hundred and sixty-two measurements were made for four MFT-type materials 
and three oil sands ore-type materials. Only twelve of these measurements (2.6%) were excluded as 
outliers. A valid precision statement was produced for routine application of the method in its revised 
form. This precision statement covers materials containing from 12.2 to 97.4 wt.% of fines less than 44 
microns. The repeatability limit ranged from 3.26 to 8.0 wt.% of fines and the reproducibility limit ranged 
from 7.56 to 29.23 wt.% of fines. Neither repeatability nor reproducibility was strongly correlated with 
fines content of the materials. Consistency statistics indicated that method Path A, which includes both 
boiling for dispersion and laser diffraction for size determination, had the majority of outliers and all 
excluded outliers. Data for Round 2 from a subset of seven labs selected by COSIA was also analyzed and 
a precision statement developed. There was a small improvement in the repeatability and reproducibility 
based on this smaller data set (294 measurements).  
 
It is probable that the precision of the method in its current form could be improved if desired. During 
the ILS, it was demonstrated that one-on-one coaching with the labs to follow the method as prescribed 
significantly improved lab performance. Unfortunately, this type of approach was not practical as part of 
the ILS. Paths could be refined (e.g., be prescriptive on equipment and individual steps) or eliminated to 
improve the overall precision of the method. It would also be beneficial, although non-trivial, to produce 
two or more well characterized standard materials that could serve as a reference between labs and 
different versions of the method. Once these approaches have been explored, a new ILS could be 
undertaken to provide an improved precision statement. 
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1.0  INTRODUCTION 

1.1 BACKGROUND 

Canada’s Oil Sands Innovation Alliance (COSIA) requested that InnoTech Alberta (ITA) 
conduct an interlaboratory study (ILS). This study is in support of the development of a 
recognized, standardized method in the oil sands industry, for measurement of the fines 
fraction (<44 microns) in oil sands and oil sands derived streams. The work is part of a broader 
initiative by COSIA, Alberta Energy Regulator (AER), and oil sands operators to develop a 
method for measurement of the fines fraction, fulfilling the reporting requirements of AER’s 
Directive 74. The intent is that COSIA’s membership of oil sands companies and the supporting 
laboratories will adopt the fines measurement method for future measurements related to 
Directive 74 reporting.  
 
Since the inception of this project, the government of Alberta released its Tailings Management 
Framework for Mineable Athabasca Oil Sands in March 2015. As a result of this new 
management framework, Directive 74 was suspended and AER released a new draft directive in 
September 2015. Although Directive 74 was rescinded, Directive 85 was issued in 2016 as a 
replacement. Directive 85 also requires the reporting of fines, defined as less than 44 microns, to 
verify that operators are meeting their fluid tailings management plan. Directive 85 describes 
the quality information operators must report to demonstrate the performance of their 
measurement system. Quality information includes accuracy, precision, sensitivity, 
representativeness, comparability, completeness, and bias1.  
 
Within COSIA, the Fines Measurement Working Group (FMWG), which reports to the Tailings 
Environmental Priority Area (EPA) Steering Committee, led the effort to develop this 
measurement standard. The FMWG developed the standard method building upon the 
industry practice developed over the previous half-century. This method includes procedures 
not just for measurement of the sample, but also cleaning, disaggregation, subsampling and 
dispersion. The Dean-Stark test methodology, one of the allowed cleaning procedures, was 
updated from the original Alberta Committee on Oil Sands Analysis (ACOSA) 1983 version and 
was included in the method as an appendix. This work was previously reported by Currie et 
al.2.  
 
ITA, acting as an independent third party, managed the ILS on behalf of COSIA to ensure 
confidentiality of laboratories in the reporting of their results, as well as impartiality of the 
overall ILS design, execution, data analysis, and reporting. The standard practice for ILS, 
specified in ASTM E691-13, was employed3. ASTM D7778-12 provided additional guidance for 
design and conducting the ILS4. This ILS differed in significant ways from the standard ASTM 
ILS because the method: (a) was new to the labs, (b) included 16 different paths (choice of 
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procedural steps selected and followed by lab using the method) to the final result, (c) allowed 
labs to follow more than one path providing multiple set of results for the same material, and 
(d) was subjected to revision during the ILS. COSIA managed the contractual and commercial 
aspects of the laboratories. It is understood that COSIA intends to make this report available in 
the public domain at some future point. 
 
The version of the method used during the Pilot and Round 1 (Unified Fines Method for minus 
44 micron material and for Particle Size Distribution) was the one available from the COSIA 
website5 and dated February 2015. It was subsequently revised in February 2016 (Attachment 1 
and Attachment 2, respectively). The most current version of the method can be found on the 
COSIA website. COSIA’s FMWG provided the homogenized oil sands and tailings samples to 
ITA, as well as critical input into the design of the ILS. The ILS consisted of the Pilot Round and 
subsequent Rounds 1 and 2. The main purpose of the Pilot Round was to refine the logistics of 
sample shipping to laboratories, allow the labs to become proficient with the method, and 
validate the ILS procedures and the data reported by the labs. Round 1 began the formal, 
rigorous ILS and a precision statement for the method was produced. Following the completion 
of Round 1, the method was updated (dated February 2016) and posted on the COSIA website6 
for Round 2 of the ILS. Round 2 was conducted along similar lines to Round 1 and a precision 
statement for the updated method was produced. Note that in a typical ILS, there is no 
alteration to the method used for the analysis of the materials. The alteration of the method 
between Rounds 1 and 2 makes this ILS atypical, but no less valid. 

1.2 PURPOSE 

A tailings management assessment report7  from the ERCB (predecessor to Alberta Energy 
Regulator) notes that, “Operators use different methods to sample, analyze, and determine their fines 
capture performance. As a result, a meaningful comparison of fines capture between projects is not 
possible at this time.” The purpose of this work is to conduct an interlaboratory study (ILS) to 
evaluate the precision (repeatability and reproducibility) of the single, standard method for the 
measurement of fines in oil sands ore, tailings, and other process samples. This work does not 
evaluate the accuracy, i.e., closeness to a reference value for a given material.  
 
The repeatability standard deviation (sr) represents the root of the mean of the squares of the 
standard deviations for measurements from individual laboratories for a given material. The 
repeatability condition encompasses conditions where independent test results are obtained 
with the same method on identical test items in the same laboratory by the same operator using 
the same equipment within short intervals of time. The repeatability limit (r = 2.8 sr) is the value 
below which the absolute difference between two individual test results obtained under 
repeatability conditions may be expected to occur with a probability of approximately 0.95 (95 
%). 
 
The reproducibility standard deviation (sR) is a combination of the repeatability standard 
deviation and the standard deviation of laboratory mean values about the global mean. The 
reproducibility condition encompasses conditions where test results are obtained with the same 
method on identical test items in different laboratories with different operators using different 
equipment. The reproducibility limit (R = 2.8r) is the value below which the absolute difference 
between two test results obtained under reproducibility conditions may be expected to occur 
with a probability of approximately 0.95 (95 %). 
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The Unified Fines Method for minus 44 micron material and for Particle Size Distribution has 
allowances within it for acceptable options regarding tooling and equipment for each of the 
main steps carried out. The initial method used in the Pilot and Round 1 defines 16 paths to 
determine fines. Each path includes four distinct steps: (1) sample disaggregation, (2) 
subsampling, (3) dispersion, and (4) measurement. In addition, there are two methods for 
cleaning the initial samples, those being Dean-Stark extraction and cold solvent wash. The 
update method used in Round 2 consisted of four paths defined by the options for: (1) 
dispersion (boiling or sonication) and (2) measurement (wet sieving or laser diffraction). This 
study focuses only on this collective, single method used to analyze the fines and it seeks to 
determine the precision. This study does not examine and compare the performance of the 
different paths. A validated precision statement for the method will allow comparisons of the 
performance of fines capture between industry projects. The ILS comprises analyses of given 
suites of samples in the Pilot and two subsequent ILS rounds. The samples for the ILS were 
primarily oil sands ores and tailings samples collected from various operators by COSIA. The 
standard practice for ILS specified in ASTM E691-13 was employed for this work3. 
 

1.3 LAYOUT OF REPORT 

Each round (Pilot, Rounds 1 and 2) of the ILS was laid out in its own section of this report. Data 
from each round was analyzed separately. The layout of each section was kept consistent. Some 
information was common to all rounds and was referenced in subsequent sections. Appendices 
were used to provide examples of the resources provided to ILS labs (e.g., protocols and report 
templates) and compositional information (percent bitumen, water, and solids) for the test 
materials. A short overall summary of the ILS with recommendations is given in the final 
section of this report. 
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2.0  ILS PILOT ROUND 

2.1 PARTICIPATING LABORATORIES 

Twenty-two laboratories (Appendix 1) entered the Pilot Round of the ILS but only twenty-one 
laboratories were able to complete the measurements and submit their reports. Unfortunately, 
Lab 9 had to withdraw from the Pilot due to time constraints involving prior commitments. 
 
The list of participating laboratories is given in Table 2-1. More details on the laboratories, 
including ILS Laboratory Supervisors, are given in Appendix 1. During a pre-ILS survey, 
laboratories indicated which paths they would follow in the COSIA method for mature fine tails 
(MFT) and oil sands (OS). Some laboratories chose to carry out measurements following more 
than one path. In this case, the laboratories received a sufficient number of samples to run 
triplicate samples through each path selected. Most laboratories chose to conduct measurements 
for both MFT and OS, whereas a few laboratories opted to measure only MFT or OS. Finally, 
some laboratories did not have capabilities to clean the samples following the procedures given 
in the COSIA method (Dean-Stark or cold wash). In these cases, the laboratories were provided 
with samples cleaned by Dean-Stark and all the relevant data for each cleaned sample (i.e., mass 
percent oil, water, and solids). Table 2-2 provides some details regarding key pieces of 
equipment used and the procedures employed in cleaning the samples. 
 
Table 2-1 Laboratories participating in Pilot Round of ILS 

Laboratory ID Sample State* # MFT Paths # MFT Samples # OS Paths # OS Samples 

Lab 1 As sampled 4 12 4 12 

Lab 3 As sampled 1 3 1 3 

Lab 4 As sampled 4 12 4 12 

Lab 5 As sampled 4 12 4 12 

Lab 6 As sampled 1 3 1 3 

Lab 7 As sampled 1 3 1 3 

Lab 8 As sampled 2 6 2 6 

Lab 9** As sampled 1 3 1 3 

Lab 10 Cleaned 4 12 4 12 

Lab 11 As sampled 1 3 1 3 

Lab 12 Cleaned 1 3 0 0 

Lab 13 As sampled 4 12 4 12 

Lab 14 As sampled 1 3 1 3 

Lab 15 Cleaned 1 3 1 3 

Lab 16 As sampled 1 3 0 0 

Lab 17 As sampled 0 0 2 6 

Lab 18 As sampled 8 24 8 24 

Lab 19 Cleaned 1 3 1 3 

Lab 20 As sampled 1 3 1 3 

Lab 21 Cleaned 1 3 1 3 

Lab 22 Cleaned 2 6 0 0 

Lab 23 As sampled 1 3 0 0 

* Cleaned: cleaned by Dean-Stark extraction to remove bitumen and water; as sampled: as retrieved from oil sands 
operations after homogenization and subsampling. 
** Later withdrew 
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Table 2-2 Summary of some specifications for cleaning, laser diffraction bench, and sonication probe used by ILS laboratories 

Lab Dean-Stark Time 
(hours) 

Laser Diffraction Bench Sonication Probe 

Autosampler 
Used 

Recirculation 
(mL/min.) 

Recirculator 
Volume(mL) 

Brand Model Immersion 
Depth(mm) 

Power 
(W) 

Age 
(years) 

1 2 - 4 No 3000 1000 n/a  n/a n/a n/a 

3 cold wash No 10 200 4000 Sonics VC-750 12 750 ~10 

4 6 - 8 No 6500 1100 n/a n/a n/a n/a n/a 

5 6 -  7 Yes 5200 1000 Qsonica Q700 29 700 < 1 

6 3.5 No 2800 1100 Sonics Vibra-Cell VCX750 n/p 750 (70%) n/p 

7 ~10 No 2000 800 Sonics Vibra-Cell VCX750    

8* 24 No 70 800 Fisher Scientific 500 55 146 9 

10* 6 - 8 (3rd party) No 1000 600 Probe built into LD Bench 

11 12 - 24 Yes Unknown 1150 Sonics Vibra-Cell VCX750 30 750 new 

12 6 - 8 (3rd party) No 2400 800 n/a n/a n/a n/a n/a 

13 6 - 8 No 10 200 4000 Sonics Vibra-Cell VCX750 10 mm off 
bottom 

750 (90%) new 

14 10 - 12 No 600 1100 n/a n/a n/a n/a n/a 

15 6 - 8 (3rd party) n/a n/a n/a n/a n/a n/a n/a n/a 

16 unavailable n/a n/a n/a n/a n/a n/a n/a n/a 

17 cold wash Yes 4000 220 Probe built into LD Bench 

18 6 - 7 No 11 200 800 n/p n/p n/p n/p n/p 

19 6 - 8 (3rd party) n/a n/a n/a n/a n/a n/a n/a n/a 

20 10 No 2000 800 Sonics Vibra-Cell VCX750 30 750 ~2 

21 6 - 8 (3rd party) n/a n/a n/a n/a n/a n/a n/a n/a 

22 6 - 8 (3rd party) n/a n/a n/a n/a n/a n/a n/a n/a 

23 >10 n/a n/a n/a n/a n/a n/a n/a n/a 

* Lab followed Path 15 
n/a not applicable 
n/p not provided 
(xx%) Percent power setting used 
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2.2 DESCRIPTION OF SAMPLES 

2.2.1 Mature Fine Tails (MFT) 

Samples (480 – 100 mL bottles) of mature fine tails (MFT, FMWG-00a) material were provided 
by COSIA. The samples were shipped in heated transport to avoid freezing. Upon receipt at 
ITA, the samples were stored at room temperature (ca. 15 – 20 °C). Data on compositional 
homogeneity of the MFT material was provided by COSIA in the form of Dean-Stark analysis of 
twenty-four samples selected out of the approximately 1000 that were prepared (see Appendix 
2). Table 2-3 shows the summary statistics for these samples. According to oil sands industry 
experience, standard deviations obtained were considered within acceptable limits. It was 
expected that the bitumen content for MFT would exhibit a higher standard deviation than that 
for water and solids. 
 
Table 2-3 Statistics for homogeneity of MFT material (FMWG-00a) 

 Bitumen  Water  Solids  

Average (n = 23) (wt.%) 3.49 63.49 33.07 

Standard Deviation (wt.%) 0.11 0.14 0.25 

Relative Standard Deviation (%) 3.25 0.21 0.75 
* Two of the 24 samples were combined and analyzed as one. 

 

2.2.2 Oil Sands (OS) 

COSIA provided the oil sands (OS, FMWG-00b) material (150 samples in 100 mL plastic bottles). 
The oil sands material was described as mostly estuarine channel facies: 
interbedded/interlaminated mud and sand (mud > sand). The samples were shipped in a 
frozen state. Upon receipt at ITA, the samples were stored in a freezer at -18 °C. Data on 
compositional homogeneity of the OS material was provided by COSIA in the form of Dean-
Stark analysis of fifteen samples selected out of the approximately 900 that were prepared (see 
Appendix 2). Table 2-4 shows the summary statistics for these samples. According to oil sands 
industry experience, standard deviations obtained were considered within acceptable limits. 
 
Table 2-4 Statistics for homogeneity of OS material (FMWG-00b) 

 Bitumen  Water  Solids  

Average (n = 15) (wt.%) 5.38 8.05 86.64 

Standard deviation (wt.%)  0.05 0.13 0.10 

Relative Standard Deviation (%) 1.01 1.65 0.11 

 

2.2.3 Cleaned Samples 

Some of the laboratories participating in the ILS Pilot Round did not have facilities for cleaning 
the samples by cold solvent wash or Dean-Stark extraction. Samples of MFT and OS were taken 
from the inventory and randomly numbered for the Pilot Round. These numbered samples 
were dispatched to two laboratories (provided by COSIA) for cleaning by Dean-Stark 
extraction. The cleaned samples were subsequently returned to ITA. The clean solids were 
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returned in their Dean-Stark thimbles with the open end plugged with tissue wipes. All were 
sealed in a glass bottle labelled with the assigned Pilot Round sample number. A spreadsheet 
summarizing the Dean-Stark results was provided by the laboratory that conducted the sample 
cleaning. The relevant sets of Dean-Stark data were provided to each ILS laboratory along with 
their cleaned samples. These data are summarized in Appendix 2.  
 
Summary statistics are given for these pre-cleaned samples in Table 2-5 and Table 2-6. For MFT, 
the standard deviation was twice as large for water and solids compared to bitumen but still 
less than 1%, while that for bitumen was almost the same. In the case of OS, the standard 
deviation for solids was twice that for bitumen, and water was twice that for solids. It should be 
noted that for the pre-cleaned samples the population size was 34, while for the determination 
of degree of homogeneity the population size was 15. The data for pre-cleaned samples came 
from two independent laboratories for each of the MFT and OS. The tests for the degree of 
homogenization for MFT and OS were done by one laboratory for each material type. 
 
Table 2-5 Statistics for pre-cleaned MFT samples (FMWG-00a) 

 Bitumen  Water  Solids  

Average (n = 34) (wt.%) 3.28 62.71 33.35 

Standard deviation (wt.%)  0.11 0.26 0.18 

Relative Standard Deviation (%) 3.35 0.42 0.53 

 
 
Table 2-6 Statistics for pre-cleaned OS samples (FMWG-00b) 

 Bitumen  Water  Solids  

Average (n = 34) (wt.%) 5.23 7.08 87.60 

Standard deviation (wt.%)  0.06 0.27 0.15 

Relative Standard Deviation (%) 1.10 3.88 0.17 

 

2.3 INTERLABORATORY STUDY INSTRUCTIONS 

Instructions for the Pilot Round were provided to each participating laboratory as an email 
attachment that was also downloadable from the ILS website8. See the Attachment 3 document 
entitled “COSIA Precision of Particle Size Measurements for Solids from Oil Sands, An Inter-
laboratory Study - Pilot Round.” The original version of the method dated February 2015 
(Attachment 1) was used in the Pilot Round. 
 
In addition to the above instructions, a Frequently Asked Questions (FAQ) document was also 
created and posted on the ILS website (See Appendix 7). The FAQ was updated with questions 
from the pre-ILS survey and webinars, as well as questions and issues that were identified 
during the course of the ILS. Laboratories were updated via email when there were critical 
FAQs, or were otherwise referred to the website. 
 

2.4 EQUIPMENT/APPARATUS 

The original Unified Fines Method for minus 44 micron material and for Particle Size Distribution 
(Attachment 1) defines 16 paths to determine fines. Each path includes four distinct steps: (1) 
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sample disaggregation, (2) subsampling, (3) dispersion, and (4) measurement. In addition, there 
are two methods for cleaning the initial samples, these being Dean-Stark extraction and cold 
solvent wash. The 16 paths in the method are summarized in Table 2-7, which also indicates the 
major equipment required. Further details on the specifications for the equipment are provided 
in the method. 
 
Table 2-7 Paths provided in the method for fines measurement 

Path Disaggregation Subsampling Dispersion Measurement 

1 Hammermill/grinder Static riffle Boiling Laser diffraction 

2 Hammermill/grinder Spin riffle Boiling Laser diffraction 

3 Hammermill/grinder Static riffle Boiling Wet sieve 

4 Hammermill/grinder Spin riffle Boiling Wet sieve 

5 Mortar & pestle Static riffle Boiling Laser diffraction 

6 Mortar & pestle Spin riffle Boiling Laser diffraction 

7 Mortar & pestle Static riffle Boiling Wet sieve 

8 Mortar & pestle Spin riffle Boiling Wet sieve 

9 Hammermill/grinder Static riffle Sonication Laser diffraction 

10 Hammermill/grinder Spin riffle Sonication Laser diffraction 

11 Hammermill/grinder Static riffle Sonication Wet sieve 

12 Hammermill/grinder Spin riffle Sonication Wet sieve 

13 Mortar & pestle Static riffle Sonication Laser diffraction 

14 Mortar & pestle Spin riffle Sonication Laser diffraction 

15 Mortar & pestle Static riffle Sonication Wet sieve 

16 Mortar & pestle Spin riffle Sonication Wet sieve 

 

2.5 DATA ENTRY FORMS 

Data entry forms were provided in MS Excel format (Appendix 3) to all participating 
laboratories (Table 9-1). The strict formatting of data reporting was intended to facilitate 
importation and data consolidation into a master file for statistical analysis. The data entry form 
included additional fields for details on the equipment used. For example, they would indicate 
whether a Hammermill or grinder was used for solids disaggregation and the state of 
calibration for wire mesh sieves. Since there were 16 possible paths, laboratories were also 
required to indicate the path used for each sample. 
 
Three measurements were reported for each sample (mass percent to nearest 0.1%): (1) total 
solids, (2) solids less than 2000 microns, and (3) solids less than 44 microns (i.e., fines). Limits for 
data reporting are provided in Section 5 of the method and are +/- 0.1%. Laboratories were also 
asked to provide comments on deviations, special events, observations, and concerns related to 
each sample that was measured. 
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2.6 STATISTICAL DATA SUMMARY 

2.6.1 Data Review, Cleansing, and Consolidation  

Data templates received from the ILS laboratories were initially reviewed for completeness. The 
most common trivial errors included the following:  

1. Improper data entry format: dates, laboratory ID, sample ID 
2. Data not entered: sample cleaning, sample type 
3. Excess decimal places 
4. Report template altered (automated data consolidation fails) 

 
Laboratories were contacted to carry out their own corrections in the above instances and to 
resubmit their reports. This helped to reinforce the data reporting requirements for the next ILS 
rounds. 
 
Once all reports were reviewed and any obvious deficiencies addressed, the reports were 
consolidated into a single MS Excel data file using a custom Excel macro. An initial statistical 
analysis (mean and standard deviation) was conducted on the following data from each 
laboratory for the two material types. Three pieces of data were requested for each sample:  
 

1. Mass percent solids in sample 
2. Mass percent of total solids less than 2000 microns  
3. Mass percent of total solids less than 44 microns  

 
Figure 2-1 and Figure 2-2 show plots of all reported data for the less than 44 micron fraction as a 
function of the method path for MFT and oil sands samples, respectively. Results from several 
laboratories stood out as anomalous, i.e., well above or below the means, or much higher than 
expected standard deviations. A number of laboratories reported mass of the solids in grams 
instead of percent. Data sets for some samples were not entered even though measurements 
were completed. Some data were also found to be out of sequence with the list of sample IDs. 
Laboratories were contacted and referred to the method to reinforce necessary calculations, 
reporting limits, reporting units, and corrections. Once corrections were completed, these 
laboratories resubmitted their reports. This course of action helped to reinforce the data 
calculations and reporting requirements for the next ILS rounds. All reports were consolidated 
again using the revised results. The excluded outliers shown in Figure 2-1 and Figure 2-2 were 
identified during the statistical analyses discussed below. Refer to Section 3.6 for a complete 
discussion of how excluded outliers were identified. Pilot Round data sorted by ILS laboratory 
number are provided in Appendix 8: Round Data Sorted by Lab Number. 
 
All of the learnings from the data review and cleansing were incorporated into a revised 
reporting template and protocols for subsequent ILS Rounds. 
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Figure 2-1 Plot of the mass percent of solids in MFT (FMWG-00a) less than 44 microns vs. method path 
(147 measurements). Average and median do not include the excluded outliers. 

 
 

 
 
Figure 2-2 Plot of the mass percent of solids in oil sand (FMWG-00b) less than 44 microns vs. method 
path (135 measurements). Average and median do not include the excluded outliers. 
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2.6.2 Statistical Analysis 

For the Pilot Round, the statistical analysis included calculation of consistency statistics for the 
<44 micron (mass%) as well as flagging and investigation of inconsistent results; however, 
precision statements were not produced as this was not the intent of the Pilot Round with two 
materials. Statistical analysis was performed using SAS Release 9.3 for Windows x64-based 
systems (SAS Institute Inc., Cary, NC, USA). This ILS differs from standard ILS as per ASTM 
E691-13 in that some laboratories ran multiple paths through the method. Consistency statistics 
were calculated for each laboratory/path combination in order to keep between-path variability 
separate from within-laboratory variability. The h-statistic represents between-laboratory (and 
path) consistency, while the k-statistic represents within-laboratory (and path) consistency.  
 
Figure 2-3 and Figure 2-4 display the h-statistics and k-statistics for <44 micron (mass%) data 
for MFT material in the Pilot Round. For the MFT material, Laboratory 5 for path 8 was outside 
of the critical limit for the h-statistic (Figure 2-3), while Laboratory 6 for path 13 was outside of 
the critical limit for the k-statistic (Figure 2-4). Both triggered further investigation. For 
Laboratory 5 (path 8), agglomerates formed during boiling for dispersion prior to wet sieving, 
resulting in low values for <44 micron fines, so these results were designated outliers. For 
Laboratory 6 (path 13), it was determined that proficiency improvement was required so these 
results were also designated outliers. Support was provided to Laboratory 6 to improve their 
proficiency in preparation for Round 1. Laboratory 10 (paths 11 and 15) was close to the critical 
value for the k-statistic (Figure 2-4). Further investigation determined that equipment was off-
specification and no sonication (i.e., no dispersion before wet sieve) was used so these results 
were excluded. Laboratory 5 data for Path 6 were excluded due to deviations from the method. 
 
Figure 2-5 and Figure 2-6 display the h-statistics and k-statistics for the oil sands ore material in 
the Pilot Round. For the oil sands ore material, Laboratory 6 for path 13 was outside of the 
critical limits for h and k statistics (Figure 2-5 and Figure 2-6, respectively). Similar to the MFT 
material results for Laboratory 6 (path 13), it was determined that proficiency improvement was 
required. These results for oil sands material from Laboratory 6 were deemed outliers. 
 
Summary statistics for total solids (mass%), <2000 microns (mass%), and <44 microns (mass%) 
for the MFT and oil sands ore from the Pilot Round materials are provided in Table 7-1. 
 
Eighteen separate investigations were opened and satisfactorily resolved. There were more than 
twice the number of investigations involving MFT material (13 investigations involving 39 
measurements) compared to those involving oil sands (five investigations involving 15 
measurements). Most of the investigations (eight involving 24 measurements for MFT, and four 
involving 12 measurements for oil sands) were resolved as simple data entry errors. The 
remaining investigations resulted in five sets of laboratory data representing 15 sample results 
for MFT being excluded, compared to one set of data representing three samples being 
excluded for oil sands material. Table 2-9 summarizes the investigations undertaken. 
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Figure 2-3 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
the MFT material (FMWG-00a) in the ILS Pilot Round (red lines indicate critical values for h).   

 

 

Figure 2-4 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
the MFT material (FMWG-00a) in the ILS Pilot Round (red line indicates critical value for k). 
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Figure 2-5 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
the oil sands ore material (FMWG-00b) in the ILS Pilot Round (red lines indicate critical values for h). 

 

Figure 2-6 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
the oil sands material (FMWG-00b) in the ILS Pilot Round (red line indicates critical value for k). 
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Table 2-8 Summary statistics for total solids (mass%), <2000 microns (mass%), and <44 microns 
(mass%) for MFT and oil sands ore for Pilot Round. 

Sample Type Variable* Mean 
Standard 

Deviation 
Coeff. of 

Variation 
Minimum Maximum 

Mature fine 
tails 
(FMWG-00a) 
(N=132)  
  
  

Total solids 
(mass%) 

33.15 0.96 2.90 28.15 36.53 

<2000 microns 
(mass%) 

100.00 0.00 0.00 100.00 100.00 

<44 microns 
(mass%) 

82.16 15.99 19.46 42.32 98.50 

Oil sands ore 
(FMWG-00b) 
(N=132) 
  
  

Total solids 
(mass%) 

87.59 1.39 1.59 80.31 90.83 

<2000 microns 
(mass%) 

99.89 0.43 0.43 95.44 100.00 

<44 microns 
(mass%) 

53.18 6.46 12.14 35.50 74.60 

* Note: Outliers based on consistency statistics were excluded. 

 
 
Table 2-9 Summary of investigations 

 
MFT 

(FMWG-00a) 
Oil Sands 

(FMWG-00b) 

Reported measurements 147 135 

Number of investigations 13 5 

Number of measurements investigated* 39 15 

Paths involved in investigation 6, 7, 8, 9, 11, 13, 15 5, 13, 15 

Number of labs investigated 5 3 

Outliers and excluded measurements identified 15 3 
* Measurements were in triplicate so there were three times the numbers of investigations 
 

2.7 SUMMARY AND CONCLUSIONS 

The primary purpose of the Pilot Round was to determine whether the method (original version 
dated February 2015, Attachment 1), protocols, and procedures were clear to all involved 
(laboratory ILS supervisors, laboratory technicians, statistician, data analyst, and ILS 
coordinator). A second objective was to ensure that all laboratories were proficient in using the 
method. A third objective was to test the ILS logistics (labelling, packaging, timely shipping, 
communications). These objectives were clearly met. Thirteen FAQs (frequently asked 
questions) were updated during and after the Pilot Round. Improvements in protocols and 
report templates were made because of issues arising with submitted reports. Laboratory 
practices and proficiency in applying the method have also been addressed through FAQs and 
personal communications and coaching with the ILS coordinator and individuals skilled in the 
test method. The promptness of laboratories in completing and reporting their results was 
noted and expectations adjusted accordingly, while a sense of urgency was also conveyed to the 
laboratories. 
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Based on the Pilot Round, the coefficient of variation for the <44 micron measurements for the 
MFT (FMWG-00a) and oil sands ore (FMWG-00b) was 19.46% and 12.14%, respectively. There is 
potential for these levels of variability to decrease in subsequent rounds, given the increased 
familiarity of the labs with this newly defined test method through participation in the Pilot. It 
is anticipated that Round 1 will provide clarity as to the impact of between-path variability on 
the precision of the method for MFT and oil sands ore materials.   
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3.0  ILS ROUND 1  

3.1 PARTICIPATING LABORATORIES  

Twenty-one laboratories that completed the Pilot Round entered Round 1 of the ILS, but only 19 
laboratories were able to complete the measurements and submit their reports. Unfortunately, 
Lab 7 and Lab 16 had to withdraw from Round 1, for different reasons. 
 
The list of participating laboratories is given in Table 3-1. More details on the laboratories, 
including ILS Laboratory Supervisors, are given in Appendix 1. As in the Pilot Round, some 
laboratories chose to carry out measurements following more than one path. In this case, the 
laboratories received a sufficient number of samples to run triplicate samples through each of 
the selected paths. Most laboratories chose to conduct measurements for both MFT-type 
(mature fine tails) and OS-type material, whereas a few laboratories opted to measure only 
MFT- or OS-type. Finally, some laboratories did not have capabilities to clean the samples 
following the procedures given in the COSIA method (Dean-Stark or cold wash). In these cases, 
the laboratories were provided with samples cleaned by Dean-Stark and all the relevant data for 
each cleaned sample (i.e., mass percent bitumen, water, and solids).  
 
Table 3-1 Laboratories participating in Round 1 of ILS 

Laboratory ID Sample State* 
# MFT  
Paths 

# MFT-type 
Samples 

# OS  
Paths 

# OS-type 
Samples 

Lab 1 As sampled 4 36 4 48 

Lab 3 As sampled 1 9 1 12 

Lab 4 As sampled 4 36 4 48 

Lab 5 as sampled 4 36 4 48 

Lab 6 As sampled 1 9 1 12 

Lab 7** As sampled 1 9 1 12 

Lab 8 As sampled 2 18 2 24 

Lab 10 Cleaned 4 36 4 48 

Lab 11 As sampled 1 9 1 12 

Lab 12 Cleaned 1 9 0 0 

Lab 13 As sampled 4 36 4 48 

Lab 14 As sampled 1 9 1 12 

Lab 15 Cleaned 1 9 1 12 

Lab 16** As sampled 1 9 0 0 

Lab 17 As sampled 0 0 2 24 

Lab 18 As sampled 8 72 8 96 

Lab 19 Cleaned 1 9 1 12 

Lab 20 As sampled 1 9 1 12 

Lab 21 Cleaned 1 9 1 12 

Lab 22 Cleaned 2 18 0 0 

Lab 23 As sampled 1 9 0 0 

* Cleaned: Cleaned by Dean-Stark extraction to remove bitumen and water; as sampled: as retrieved from oil sands 
operations after homogenization and subsampling. 
** Later withdrew 
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Table 3-2 shows the usage of the method paths by the participating laboratories. Paths 4, 11, 12, 
and 16 were not followed by any laboratories in Round 1. As stated earlier, this study does not 
examine or compare the performance of the different paths. Indeed, the level of usage for the 
various paths, does not allow meaningful comparison from ILS statistical basis. 
 
Table 3-2 Path usage by laboratories participating in Round 1 

Lab 
Round 1 Path Number 

Remarks 
1st Path 2nd Path 3rd Path 4th Path 

1 5     

3 14     

4 1 3 5 7 Grinder used 

5 14     

6 14     

8 13 15    

10 9 13   Grinder used 

11 9     

12 5    MFT only 

13 2 9 10 14  

14 5     

15 7     

17 14    Oil sands only 

18 5 6 7 8  

19 7     

20 10     

21 7     

22 3 7   MFT only 

23 7    MFT only 

 

3.2 DESCRIPTION OF SAMPLES 

There were seven material types included in Round 1 (three tailing-types and four oil sands ore-
types). Samples (~200 – 100 mL plastic bottles) of each material were provided by COSIA. 
Tailings samples were shipped in heated transport to avoid freezing. Upon receipt at ITA, 
tailings samples were stored at room temperature (ca. 15 – 20 °C). Oil sands samples were 
stored in a freezer at -18 °C.  
 
Some of the laboratories participating in Round 1 of the ILS did not have facilities for cleaning 
the samples by cold solvent wash or Dean-Stark extraction. Samples of the materials were taken 
from the inventory and randomly numbered for Round 1. These numbered samples were 
dispatched to three laboratories (provided by COSIA) for cleaning by Dean-Stark extraction. 
The cleaned samples were subsequently returned to ITA. The clean solids were returned in their 
Dean-Stark thimbles with the open end plugged with tissue wipes. All were sealed in a glass 
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bottle labelled with the assigned Round 1 sample number. A spreadsheet summarizing the 
Dean-Stark results was provided by the laboratory that conducted the sample cleaning. The 
relevant sets of Dean-Stark data were provided to each ILS laboratory along with their cleaned 
samples. These data are summarized in Appendix 4.  
 
Summary statistics are given for these pre-cleaned samples in Table 3-3. The relative standard 
deviations for bitumen in all oil sands samples, except FMWG-007 where the bitumen content 
was low, are considered excellent according to oil sands industry experience, i.e., less than 2%. 
Relative standard deviations for water and solids in these oil sands samples were also 
considered good. For bitumen in the tailing samples, the relative standard deviation was greater 
than 7% and increased with decreasing bitumen content. FMWG-002 and FMWG-003 show 
significantly higher relative standard deviation for solids content compared to the other 
materials.  
 
Table 3-3 Statistics for pre-cleaned samples for ILS Round 1 

COSIA ID Description 
Average (mass%) Relative Std. Dev. (%)1 

Bitumen Water Solids Bitumen Water Solids 

FMWG-001 Beach tailings (surrogate) 0.26 31.10 68.62 23.08 3.76 1.75 

FMWG-002 TRO (surrogate) 1.89 63.02 35.46 7.94 2.79 4.62 

FMWG-003 MFT  4.01 60.79 34.70 7.73 1.17 3.57 

FMWG-004 
High fines lean ore/waste 
(tidal) 

6.13 5.49 88.28 1.96 5.28 0.31 

FMWG-005 High fines lean ore (marine)  9.37 5.83 84.87 1.81 4.97 0.31 

FMWG-006 Lean Ore  7.87 6.09 86.24 1.27 1.97 0.14 

FMWG-007 High fines orebody (waste) 1.29 8.58 90.37 8.53 1.75 0.15 
1. For tailings materials the number of samples was 39 while for oil sands ores the number of samples was 30. 

 

3.3 INTERLABORATORY STUDY INSTRUCTIONS 

Instructions for the Round 1 were provided to each participating laboratory as an email 
attachment that was also downloadable from the ILS website8. See the Attachment 4 document 
entitled “COSIA Precision of Particle Size Measurements for Solids from Oil Sands, An Inter-
laboratory Study – Round 1.” The original version of the method dated February 2015 
(Attachment 1) was used in the Pilot Round. 
 
No updates to the Frequently Asked Questions (FAQ) document posted on the ILS website 
were required during Round 1.  
 

3.4 EQUIPMENT/APPARATUS  

The version of the method Unified Fines Method for minus 44 micron material and for Particle Size 
Distribution used in Round 1 was the same as that used in the Pilot Round (Attachment 1) with 
16 possible paths for determining fines. Each path included four distinct steps: (1) sample 
disaggregation, (2) subsampling, (3) dispersion, and (4) measurement. In addition, there were 
two methods for cleaning the initial samples, those being Dean-Stark extraction and cold 
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solvent wash. The 16 paths in the method are summarized in Table 2-7, which also indicates the 
major equipment required. The equipment was unchanged from the Pilot Round. Further 
details on the specifications for the equipment are provided in the method5. 

3.5 DATA ENTRY FORMS 

Data entry forms were provided in MS Excel format (Appendix 3) to all participating 
laboratories. Minor changes were made to the forms based on issues observed in the Pilot 
Round. These changes consisted of additional dropdown fields and dropdown comments 
regarding data entry options and formats. The strict formatting of data reporting was intended 
to facilitate importation and data consolidation into a master file for statistical analysis. The data 
entry form included additional fields for details of the equipment used. For example, labs 
would indicate whether a Hammermill or grinder was used for solids disaggregation and the 
state of calibration for wire mesh sieves. Since there were 16 possible measurement paths, 
laboratories were also required to indicate the path used for each sample. 
 
Three measurements were reported for each sample (mass percent to nearest 0.1%): (1) total 
solids, (2) solids less than 2000 microns, and (3) solids less than 44 microns (i.e., fines). Limits for 
data reporting are provided in Section 5 of the method and are +/- 0.1%. Laboratories were also 
asked to provide comments on deviations, special events, observations, and concerns related to 
each sample that was measured. 
 

3.6 STATISTICAL DATA SUMMARY 

3.6.1 Data Review, Cleansing, and Consolidation 

Data templates received from the ILS laboratories were initially reviewed for completeness.  
Most of the common trivial errors observed in the Pilot Round were substantially reduced in 
the reports for Round 1. Laboratories were contacted to carry out their own corrections in the 
above instances and to resubmit their reports. 
 
Once all reports were reviewed and any obvious deficiencies addressed, the reports were 
consolidated into a single MS Excel data file using a custom Excel macro. An initial statistical 
analysis (mean and standard deviation) was conducted on the following data from each 
laboratory for the seven materials. Three pieces of data were requested for each sample:  
 

1. Mass percent solids in sample, 
2. Mass percent of total solids less than 2000 microns, and  
3. Mass percent of total solids less than 44 microns.  

 
Figure 3-1 to Figure 3-7 shows plots of all reported data for the less than 44 micron fraction of 
the seven materials, as a function of the method path. The mean and median values are shown 
on each plot. The mean and median values do not coincide in all cases, implying that some data 
are not normally distributed. The excluded outliers shown in Figure 3-1 to Figure 3-7 were 
identified during the statistical analyses discussed below. Round 1 data sorted by ILS 
laboratory number are provided in Appendix 8: Round Data Sorted by Lab Number.  
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An initial investigation was conducted where individual lab data for a given path and material 
showed a large standard deviation of the average mass percent less than 44 microns relative to 
other labs, or average mass percent less than 44 microns that were significantly different from 
other labs. The investigations firstly looked at the submitted reports for any explanations such 
as data entry errors, comments, and observations reported by the labs. If there was no obvious 
explanation, the investigation was continued in depth. Investigations focussed on two major 
categories of errors: 
 

• Clerical and sampling errors 
o Error in original observations 
o Calculations error 
o Mislabeling of samples 

• Procedural errors 
o Deviations from test method or protocol 
o Equipment in one laboratory was different from the rest 
o Event log and special comments indicated occurrences known to affect the 

results 
 
Once possible corrections were made, a full statistical analysis was conducted before deciding 
whether to exclude any data. Note that if one measurement in a triplicate set of measurements 
was excluded, then the entire set of triplicate measurement was also excluded. In rare instances, 
entire sets of sextuplet measurements were excluded because of mislabeling concerns.  
 
 

Figure 3-1 Plot of the mass percent of solids in Beach Tailing (FMWG-001) less than 44 microns vs. 
method path (90 measurements). Average and median do not include the excluded outliers. 

  



 

 
Precision of Particle Size Measurements [21]  
June 2017 

 

Figure 3-2 Plot of the mass percent of solids in TRO (FMWG-002) less than 44 microns vs. method path 
(90 measurements). Average and median do not include the excluded outliers. 
 
 

Figure 3-3 Plot of the mass percent of solids in MFT (FMWG-003) less than 44 microns vs. method path 
(90 measurements). Average and median do not include the excluded outliers. 
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Figure 3-4 Plot of the mass percent of solids in High Fine Lean Ore/Waste (FMWG-004) less than 44 
microns vs. method path (84 measurements). Average and median do not include the excluded 
outliers. 
 

Figure 3-5 Plot of the mass percent of solids in High Fine Lean Ore (Marine) (FMWG-005) less than 44 
microns vs. method path (84 measurements). Average and median do not include the excluded 
outliers. 
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Figure 3-6 Plot of the mass percent of solids in Lean Ore (FMWG-006) less than 44 microns vs. method 
path (84 measurements). Average and median do not include the excluded outliers. 

 

Figure 3-7 Plot of the mass percent of solids in High fines orebody (waste) (FMWG-007) less than 44 
microns vs. method path (84 measurements). Average and median do not include the excluded 
outliers. 
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3.6.2 Statistical Analysis 

As was done for the Pilot Round, the statistical analysis of Round 1 included calculation of 
consistency statistics for the <44 micron (mass%) as well as flagging and investigation of 
inconsistent results. Statistical analysis was performed using SAS Release 9.3 for Windows x64-
based systems (SAS Institute Inc., Cary, NC, USA). As previously noted, this ILS differs from 
standard ILS as per ASTM E691-13 in that some laboratories ran multiple paths through the 
method. Consistency statistics were calculated for each laboratory-path combination in order to 
keep between-path variability separate from within-laboratory variability. The h-statistic 
represents between-laboratory (and path) consistency, while the k-statistic represents within-
laboratory (and path) consistency. All of these calculations are described in ASTM E691-13, 
which also provides examples of typical analyses of the results3. 
 
Initial h- and k-statistic plots were used to identify and confirm potential outliers. Potential 
outliers exceed the critical value of one of the consistency statistics. The identified outliers were 
investigated to determine whether they resulted from clerical, sampling or procedural errors. 
Outliers were only excluded if the investigation concluded there was no clerical, sampling, or 
procedural errors and one of the following applied: 
 

• Deviations from test method or protocol 

• Equipment in one laboratory was different from the rest 

• Event log and special comments indicated occurrences known to affect the results 

• Error in original observations 

• Mislabeling or potential mislabeling of samples 
 
Once certain outliers were excluded, the h- and k-statistics had to be re-calculated. Critical 
limits for the h- and k-statistics could change because they were related to a combination of the 
number of labs and sample replicates. Any occurrence of new outliers had to be investigated. 
The statistical analysis was therefore iterative until all outliers were resolved. In some cases, no 
reasonable basis could be defined to exclude some outliers and they were included in the final 
statistical analysis and precision statement.  
 
Table 3-4 and Table 3-5 summarize the scope of the investigations and final resolutions. 
Excluded outliers constituted 5.9% of the measurement data set. ASTM E691-13, Section 19.2 is 
instructive regarding the consequences to excluding outliers: Any action, which results in 
discarding more than five percent of the ILS data likely will lead to the presentation of precision data that 
the test method cannot deliver in routine application. Therefore, even though a precision statement is 
provided for Round 1 of this ILS, the implied precision may not be met in routine application of 
the method in its present form. In the present case, excluded data resulted from equipment not 
meeting specifications, sample mislabeling, not precisely following the method, and observed 
(correctable or treatable) events, which are known to affect the results. This implies that 
improvements in the practice of the method are possible that would lead to precision statements 
that can be met in routine application. 
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Table 3-4 Summary of investigations and resolutions 

Data Points Number % of Total  
Data Points 

Total number of data points 606 100 

Number of data points investigated 60 9.9 

Number of investigated data left unchanged 24 4.0 

Number of investigated data labelled “Outlier” and 
excluded from data analysis 

36* 5.9 

* Excluded outliers include two sets of results reported in sextuplets 

 
Table 3-5 Details of outlier investigation 

Lab # Path # 
Material Statistical 

Concern1 
Conclusion 

COSIA ID Description 

1 5 FMWG-001 Beach tailings (surrogate) k Use data as submitted 

12 5 FMWG-001 Beach tailings (surrogate) h Use data as submitted 

12 5 FMWG-001 Beach tailings (surrogate) k Use data as submitted 

15 7 FMWG-001 Beach tailings (surrogate) h Use data as submitted 

14 5 FMWG-001 Beach sailings (surrogate) h Use data as submitted 

8 13 FMWG-002 TRO (surrogate) h Outlier Excluded 

15 7 FMWG-002 TRO (surrogate) h Use data as submitted 

22 3 FMWG-002 TRO (surrogate) k Use data as submitted 

22 7 FMWG-002 TRO (surrogate) k Use data as submitted 

8 13 FMWG-003 MFT k Outlier Excluded 

22 3 FMWG-003 MFT h Outlier Excluded 

22 7 FMWG-003 MFT h Outlier Excluded 

14 5 FMWG-004 High fines lean ore/waste (tidal) h Outlier Excluded 

3 14 FMWG-005 High fines lean ore (marine) k Resolved; new data 

18 5 FMWG-005 High fines lean ore (marine) h Outlier Excluded 

18 6 FMWG-005 High fines lean ore (marine) k Outlier Excluded 

17 14 FMWG-006 Lean Ore k Outlier Excluded2 

18 5 FMWG-006 Lean Ore k Outlier Excluded 

14 5 FMWG-007 High fines orebody (waste) h Use data as submitted 

17 14 FMWG-007 High fines orebody (waste) k Outlier Excluded2 

1. h-statistic represents between-laboratory (and path) consistency, while the k-statistic represents within-laboratory 
(and path) consistency. 
2. Sextuplet data set excluded 

 
Figure 3-8 to Figure 3-21 show the h- and k-consistency statistical plots for the seven materials 
evaluated. Data for outliers that were excluded following investigations are not represented in 
these plots. Most of the data fall within a narrow band inside the critical limits for the h- and k-
statistics. Some data are shown that are either outside or close to the critical limits. These 
outlying data were investigated and it was determined that they should remain part of the 
analysis. These included outlier data are summarized, along with the excluded outliers, in Table 
3-5. A significant proportion of the data falling close to or outside the limits of the h- and k-
statistics involved Paths 5 through 8 and Paths 13 through 16 (see Table 3-5) which required 
mortar and pestle for disaggregation of the samples. 
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Figure 3-8 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Beach Tailings (Surrogate) (FMWG-001) in Round 1 (red lines indicate critical values for h). 

 

 
Figure 3-9 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Beach Tailings (Surrogate) (FMWG-001) in Round 1 (red line indicates critical value for k). 

 
  



 

 
Precision of Particle Size Measurements [27]  
June 2017 

 
 

Figure 3-10 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
TRO (Surrogate) (FMWG-002) in Round 1 (red lines indicate critical values for h). 

 

 
Figure 3-11 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
TRO (Surrogate) (FMWG-002) in Round 1 (red line indicates critical value for k). 
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Figure 3-12 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
MFT (FMWG-003) in Round 1 (red lines indicate critical values for h). 

 

 
Figure 3-13 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
MFT (FMWG-003) in Round 1 (red line indicates critical value for k). 
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Figure 3-14 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High Fines Lean Ore/waste (Tidal) (FMWG-004) in Round 1 (red lines indicate critical values for h). 

 

 
Figure 3-15 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High Fines Lean Ore/waste (Tidal) (FMWG-004) in Round 1 (red line indicates critical value for k). 
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Figure 3-16 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High Fines Lean Ore (Marine) (FMWG-005) in Round 1 (red lines indicate critical values for h). 

 

 
Figure 3-17 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High Fines Lean Ore (Marine) (FMWG-005) in Round 1 (red line indicates critical value for k). 
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Figure 3-18 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Lean Ore (FMWG-006) in Round 1 (red lines indicate critical values for h). 

 

 
Figure 3-19 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Lean Ore (FMWG-006) in Round 1 (red line indicates critical value for k). 
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Figure 3-20 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High fines orebody (waste) (FMWG-007) in Round 1 (red lines indicate critical values for h). 

 
 
 

Figure 3-21 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High fines orebody (waste) (FMWG-007) in Round 1 (red line indicates critical value for k). 
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3.6.3 Precision Statement 

The precision statement for analysis of the seven materials used in Round 1 is shown in Table 
3-6. Summary statistics are provided in Table 3-7. Note that this precision statement is 
presented for the analytical method as a whole and does not consider the precision of 
individual paths within the method. Using this precision statement, the repeatability of 
measurements within a single laboratory can be assessed for quality assurance and quality 
control purposes. Similarly, the precision statement allows comparison of results from different 
laboratories for the same material. In this precision statement, the mean value for a material is 
based on the entire population of measurement of that material except for the excluded outliers.  
 
The repeatability standard deviation (sr) represents the root of the mean of the squares of the 
standard deviations for measurements from individual laboratories for a given material. The 
repeatability condition encompasses conditions where independent test results are obtained 
with the same method on identical test items in the same laboratory by the same operator using 
the same equipment within short intervals of time. The repeatability limit (r) is the value below 
which the absolute difference between two individual test results obtained under repeatability 
conditions may be expected to occur with a probability of approximately 0.95 (95 %). 
 
The reproducibility standard deviation (sR) is a combination of the repeatability standard 
deviation and the standard deviation of laboratory mean values about the global mean. The 
reproducibility condition encompasses conditions where test results are obtained with the same 
method on identical test items in different laboratories with different operators using different 
equipment. The reproducibility limit (R) is the value below which the absolute difference 
between two test results obtained under reproducibility conditions may be expected to occur 
with a probability of approximately 0.95 (95 %). 
 
Table 3-6 Precision statement for seven materials with average fines content from 12.3 wt.% to 89.3 
wt.%. 

COSIA ID Sample Type 
Wt.% of Fines < 44 microns 

Mean sr
a sR

b rc Rd 

FMWG-001 Beach tailings (surrogate) 12.33 0.81 3.86 2.3 10.8 

FMWG-005 High fines lean ore (marine) 29.06 2.67 6.25 7.5 17.5 

FMWG-006 Lean Ore 36.08 1.60 6.08 4.5 17.0 

FMWG-004 High fines lean ore/waste (tidal) 43.08 2.62 6.78 7.3 19.0 

FMWG-003 MFT 81.81 2.81 12.73 7.9 35.7 

FMWG-007 High fines orebody  (waste) 81.99 2.02 6.89 5.7 19.3 

FMWG-002 TRO (surrogate) 89.33 1.97 8.84 5.5 24.7 

a. sr: Repeatability (within laboratory) standard  deviation 

b. sR: Reproducibility (between laboratories) standard deviation 
c. r: Repeatability limit (r = 2.8sr): maximum difference (95% confidence) between test results in a single 

laboratory  
d. R: Reproducibility limit (R = 2.8sR): maximum difference (95% confidence) between test results from 

different laboratories 
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Table 3-7 Summary statistics (without excluded outliers) for Round 1 

COSIA ID Sample Type N Observed N Excluded* Wt.% of Fines < 44 microns 

Mean Median Std. Dev. Coeff. of Variation (%) Min. Max. 
FMWG-001 Beach tailings (surrogate) 90 0 12.33 11.50 3.82 30.98 7.0 25.4 
FMWG-005 High fines lean ore 84 9 29.06 27.60 6.18 21.27 18.3 57.4 

FMWG-006 Lean Ore 84 9 36.08 35.30 6.01 16.65 26.3 51.4 
FMWG-004 High fines lean ore/waste 84 6 43.08 41.10 6.70 15.56 32.4 62.9 

FMWG-003 MFT 90 9 81.81 88.50 12.58 15.38 50.5 98.0 
FMWG-007 High fines orebody (waste) 84 6 81.99 80.80 6.81 8.30 68.5 100.0 
FMWG-002 TRO (surrogate) 90 3 89.33 92.90 8.74 9.78 59.7 100.0 

* Total N Excluded (42) includes the 36 excluded outliers identified in Table 3-4. Six additional data points (3 for High fines lean ore and 3 for High fines lean 
ore/waste) from data sets reported in sextuplets instead of triplicates were also excluded. In each case, only the first 3 replicates were included in the statistical 
analyses while the later 3 replicates were excluded. 
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Figure 3-22 shows the variation of repeatability (sr) and reproducibility (sR) standard deviation, 
respectively, with the property value, i.e., the mean amount of fines less than 44 microns.  
Repeatability standard deviation does not vary with mean fines content. In contrast, the 
reproducibility standard deviations show some positive relationship to the fines content (i.e., 
the reproducibility standard deviation decreases as the mean property value decreases). It is 
again stressed that these standard deviations include not just variations in labs and between 
labs but variability of lab-path combinations. It is also interesting to note that repeatability and 
reproducibility limits (Table 3-6) bear no relation to the standard deviations observed for the 
measured compositions (bitumen, water, and solids in Table 3-3) of the materials. 
 
 

 
 

Figure 3-22 Repeatability and reproducibility standard deviation vs. mean property values (% fine < 44 
microns).  

 
 

3.7 SUMMARY AND CONCLUSIONS 

The method (dated February 2015, Attachment 1) employed in this round of the ILS included 16 
different paths that could be followed to determine the property value (percent of fines less 
than 44 microns). Only twelve of the 16 paths were used by the nineteen laboratories that 
participated in this round of the ILS. Even though all paths were not used, they were all 
considered equivalent for the purposes of this ILS.  
 
Ninety measurements were made for each of three MFT-type materials and eighty-four 
measurements for each of four oil sands ore-type materials. These materials contained from 12.3 
to 89.3% of fines less than 44 microns. A total of 606 measurements were made; however, 36 
measurements were outliers, which were subsequently rejected for a variety of reasons. Since 
the rejected data amounted to 5.9% of the data set, ASTM E691-13, Section 19.2 is instructive: 
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Any action, which results in discarding more than five percent of the ILS data likely will lead to the 
presentation of precision data that the test method cannot deliver in routine application. Therefore, even 
though a precision statement was provided for Round 1 of this ILS, the implied precision may 
not be met in routine application of the method in its present form. In the present case, excluded 
data resulted from equipment not meeting specifications, sample mislabeling, not precisely 
following the method, and observed (correctable or treatable) events which are known to affect 
the results. It is likely that improvements in the practice of the method are possible that would 
lead to precision statements that can be met in routine application. 
 
Consistency statistics, that provide a measure of within-lab repeatability and between-lab 
reproducibility, were examined as part of the analysis of outliers.  This analysis indicated that 
method paths involving mortar and pestle for disaggregation of the cleaned material tended to 
stand out as having lower consistency. Since all method paths were not used by a consistent 
majority of labs, no conclusion about the absolute precision of any paths can be made and was 
not an objective of this ILS. 
 
A precision statement was determined based on the seven materials used in Round 1. This 
precision statement covers materials containing from 12.3 to 89.3%of fines less than 44 microns. 
The repeatability limit, representing the maximum difference between two test results obtained 
under repeatability conditions with 95% probability, ranged from 2.3 to 7.9 wt.%. The 
reproducibility limit, representing the maximum difference between two test results obtained 
under reproducibility conditions with 95% probability, ranged from 10.8 to 35.7 wt.%. Round 2 
was conducted to evaluate the precision of a revised method. 
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4.0  ILS ROUND 2  

4.1 REVISED METHOD 

Following a review of results from Round 1, FMWG decided that the use of a mortar and pestle 
for disaggregation of cleaned solids would no longer be a part of the method. The use of the 
mortar and pestle was considered too dependent on the operator (e.g., force used and grinding 
motion). Additionally, it was also decided that the type of riffler (spin or static) would have no 
impact on the results so this choice was no longer considered a function of the method path. As 
a result of these decisions by FMWG, the number of paths in the method was reduced from 16 
to four (Table 4-1). The choice of method path was now determined by whether boiling or 
sonication was used for dispersion of the solids in aqueous media and whether laser diffraction 
or wet sieving was used for measurement of fraction less than 44 microns. The revised method 
dated February 2016 (Attachment 2) was posted on the COSIA website6 prior to the 
commencement of Round 2 of the ILS. 
 
Table 4-1 Paths provided in the Round 2 revised method for fines measurement 

Path Dispersion Measurement 

A Boiling Laser diffraction 

B Sonication Laser diffraction 

C Boiling Wet sieve 

D Sonication Wet sieve 

 

4.2 PARTICIPATING LABORATORIES  

Seventeen of nineteen laboratories, that completed Round 1, entered Round 2 of the ILS. Only 
fifteen of these seventeen laboratories were able to complete the measurements and submit their 
reports. Unfortunately, Lab 14 and Lab 15 had to withdraw from Round 2. 
 
The list of participating laboratories and the paths they followed are given in Table 4-2. More 
details on the laboratories, including ILS Laboratory Supervisors, are given in Appendix 1. The 
number of labs using each of the four paths is summarized in Table 4-3.  
 
As in the Pilot Round and Round 1, some laboratories chose to carry out measurements 
following more than one path. In these cases, the laboratories received a sufficient number of 
samples to run triplicate samples through each path selected. Unlike the previous rounds, all 
laboratories ran both MFT- (mature fine tails) and OS-type samples. Finally, some laboratories 
did not have capabilities to clean the samples following the procedures given in the COSIA 
method (Dean-Stark or cold wash). In these cases, the laboratories were provided with samples 
cleaned by Dean-Stark. All the relevant data for each cleaned sample (i.e., mass percent oil, 
water, and solids) was provided in an Excel file.  
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Table 4-2 Laboratories participating in Round 2 of ILS and method paths used. 

Laboratory ID Sample State* Paths # MFT-type Samples # OS-type Samples 

Lab 1 As sampled A 12 9 

Lab 4 As sampled A,B,C,D 48 36 

Lab 5 As sampled D 12 9 

Lab 6 As sampled B 12 9 

Lab 8 As sampled A,C 24 18 

Lab 10 Cleaned B,D 24 18 

Lab 11 As sampled B 12 9 

Lab 12 Cleaned A 12 9 

Lab 13 As sampled A,B 24 18 

Lab 14** As sampled A,B,C,D 48 36 

Lab 15** Cleaned C 12 9 

Lab 17 Cleaned B 12 9 

Lab 18 As sampled A,C 24 18 

Lab 20 As sampled B 12 9 

Lab 21 Cleaned C 12 9 

Lab 22 Cleaned C 12 9 

Lab 23 As sampled A 12 9 

* Cleaned: Cleaned by Dean-Stark extraction to remove bitumen and water and then hammermilled; as sampled: as 
retrieved from oil sands operations after homogenization and subsampling. 
** Later withdrew 
 
Table 4-3 Number of labs using each method path in Round 2. 

Path Dispersion Measurement Path Representation 

A Boiling Laser diffraction 7 

B Sonication Laser diffraction 7 

C Boiling Wet sieve 5 

D Sonication Wet sieve 3 

 

4.3 DESCRIPTION OF SAMPLES 

There were seven materials included in Round 2 (4 tailings type and 3 oil sands ore). Samples 
(~200 – 100 mL plastic bottles) of each material were provided by COSIA. Tailings samples were 
shipped in heated transport to avoid freezing. Upon receipt at ITA, tailings samples were stored 
at room temperature (ca. 15 – 20 °C). Oil sands sample were stored in a freezer at -18 °C.  
 
Five of the laboratories participating in Round 2 of the ILS did not have facilities for cleaning 
the samples by cold solvent wash or Dean-Stark extraction. Samples of the materials were taken 
from the inventory and randomly numbered for Round 2. These numbered samples were 
dispatched to a single laboratory (designated by COSIA) for cleaning by Dean-Stark extraction. 
Since the use of mortar and pestle were no longer allowed, the cleaned samples were also 
passed through a Hammermill. The cleaned and hammermilled samples were subsequently 
returned to ITA. All cleaned samples were sealed in a glass bottles labelled with the assigned 
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Round 2 sample number. A spreadsheet summarizing the Dean-Stark results was provided by 
the laboratory that conducted the sample cleaning. This set of Dean-Stark data was provided to 
each ILS laboratory in the form of a Microsoft Excel lookup table along with their cleaned 
samples. These data are summarized in Appendix 5.  
 
Summary statistics are provided for these pre-cleaned samples in Table 4-4. The relative 
standard deviations for bitumen in the oil sands samples are considered excellent, according to 
oil sands industry experience, when they are less than 3%. Relative standard deviations for 
solids in these oil sands sample are also considered excellent. The relative standard deviation 
for bitumen in the tailings samples generally increase with decreasing bitumen content, as 
would be expected. Water and solids content in tailings FMWG-001 show high relative standard 
deviation reflecting the challenges in mixing and sampling this material as expected. It is also 
interesting to note that the relative standard deviations for water and solids in FMWG-001 are 
higher than that for samples of the same material cleaned in Round 1. As will be discussed 
below, the standard deviations for the compositions of these materials did not appear to 
correlate with the precision of the measurements for the materials. 
 
Table 4-4 Statistics for pre-cleaned samples for ILS Round 2. 

COSIA ID Description 
Average (mass%) Relative Std. Dev. (%)1  

Bitumen Water Solids Bitumen Water Solids 

FMWG-001 Beach tailings (surrogate) 0.24 25.02 74.78 23.10 23.02 7.96 

FMWG-004 
High fines lean ore/waste  
(tidal) 

6.08 5.29 88.51 2.49 6.79 0.43 

FMWG-006 Lean ore 7.92 5.69 86.38 1.09 9.23 0.38 

FMWG-008 MFT 1.11 65.77 32.64 15.50 1.15 1.16 

FMWG-012 Low avg. grade ore 9.93 5.36 84.34 1.00 2.50 0.21 

FMWG-013 Centrifuge cake 8.12 41.62 49.31 1.06 0.69 0.30 

FMWG-016 Treated tails #1 2.95 67.28 29.11 2.41 0.64 0.83 
1. Population N=27 in all cases  

4.4 INTERLABORATORY STUDY INSTRUCTIONS 

A webinar was presented prior to the start of Round 2. The purpose of the webinar was to 
inform participating labs of the progress, learnings to-date, and revisions to the method. Care 
and accuracy in following the method and the use of equipment meeting specifications outlined 
in the method were emphasized. Critical elements of certain steps in the method were 
highlighted.  
 
Instructions for Round 2 were provided to each participating laboratory as an email attachment 
that was also downloadable from the ILS website8. See the Attachment 5 document entitled 
“COSIA Precision of Particle Size Measurements for Solids from Oil Sands, Interlaboratory 
Study – Round 2.” 
 
In addition to the above instructions, an updated Frequently Asked Questions (FAQ) document 
was posted on the ILS website (See Appendix 7: ILS FAQs). New FAQs were posted prior to the 
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start of Round 2. Laboratories were updated via email when there were critical FAQs, or were 
otherwise referred to the website. 
 

4.5 EQUIPMENT/APPARATUS  

The revised Unified Fines Method for minus 44 micron material and for Particle Size Distribution 
defines four paths to determine fines content of a sample. Each path includes four distinct steps: 
(1) sample disaggregation, (2) subsampling, (3) dispersion, and (4) measurement. In addition, 
there are two methods for cleaning the initial samples, those being Dean-Stark extraction and 
cold solvent wash. Under the revised method, sample disaggregation is carried out with a 
hammermill and subsampling by a riffler (i.e., either static or spin which are both considered 
equivalent). There are two options for dispersion (boiling or sonication) and two options for 
measurement (wet sieving or laser diffraction). The four distinct paths in the method are 
summarized in Table 4-1, which also indicates the major equipment requirements. Further 
details on the specifications for the equipment are provided in the method. 
 
For Round 2 of the ILS, it was strictly required that all equipment used for the analyses meet the 
specifications laid out in the revised method. A survey of the lab was undertaken to ensure that 
all labs had the necessary equipment (Appendix 6). Assistance to labs in meeting the 
requirement of the method was provided in two ways: 

1. Labs that did not possess facilities for cleaning the samples were provided with clean 
and hammermilled samples. 

2. Labs that did not have a hammermill or were not able to purchase one were provided 
with a hammermill on loan from a stock of four provided by COSIA. 

 

4.6 DATA ENTRY FORMS 

Data entry forms were provided in MS Excel format (Appendix 3) to all participating 
laboratories. Minor changes were made to the forms based on issues observed in Round 1 and 
revisions to the method. These changes consisted of additional dropdown fields and dropdown 
comments regarding data entry options and formats. The strict formatting of data reporting was 
intended to facilitate importation and data consolidation into a master file for statistical 
analysis. The data entry form included additional fields for details on the equipment used. Since 
there were four possible measurement paths, laboratories were also required to indicate the 
path used for each sample. 
 
Three measurements were reported for each sample (mass percent to nearest 0.1%): (1) total 
solids, (2) solids less than 2000 microns, and (3) solids less than 44 microns (i.e., fines). Limits for 
data reporting are provided in Section 5 of the method and are +/- 0.1%. Laboratories were also 
asked to provide details on any deviations and observations. 
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4.7 STATISTICAL DATA SUMMARY 

4.7.1 Data Review, Cleansing, and Consolidation  

Data templates received from the ILS laboratories were initially reviewed for completeness.  
Most of the common trivial errors previously observed in the Pilot Round and Round 1 were 
absent in Round 2. 
  
Once all reports were reviewed and any obvious deficiencies addressed, the reports were 
consolidated into a single MS Excel data file using a custom Excel macro. An initial statistical 
analysis (mean and standard deviation) was conducted on the following data from each 
laboratory for the seven materials. Three pieces of data were requested for each sample:  
 

1. Mass percent solids in sample 
2. Mass percent of total solids less than 2000 microns  
3. Mass percent of total solids less than 44 microns  

 
Figure 4-1 to Figure 4-7shows plots of all reported data for the less than 44 micron fraction, as a 
function of method path, for the seven materials. The mean and median values are shown on 
each plot, which coincided quite well. The excluded outliers shown in Figure 4-1 to Figure 4-7 
were identified during statistical analyses discussed below.  
 
COSIA FMWG has provided expected values of fines less than 44 microns for Round 2 
materials and these values are also shown in Figure 4-1 to Figure 4-7. These values should not 
be interpreted as providing a basis for determining accuracy and bias of the ILS data. These 
expected values should be considered as being purely indicative of the level of the less than 44 
microns fines in the samples used in Round 2. Round 2 data sorted by ILS laboratory number 
are provided in Appendix 8: Round Data Sorted by Lab Number. 
 
Where individual lab data for a given material showed a large standard deviation relative to 
other labs for the average mass percent less than 44 microns and/or the average mass percent 
less than 44 microns for a particular lab was significantly different than that of other labs, an 
initial investigation was conducted. The investigations initially focussed on the submitted 
reports for any explanations such as data entry errors and comments and observations reported 
by the labs. If there was no obvious explanation, the investigation was continued in depth. In-
depth investigations focussed on two major categories of errors: 
 

• Clerical and sampling errors 
o Error in original observations 
o Calculations error 
o Mislabeling of samples 

• Procedural errors 
o Deviations from test method or protocol 
o Equipment in one laboratory was different from the rest 
o Event log and special comments indicated occurrences known to affect the 

results 
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Once possible corrections were made, a full statistical analysis was conducted before deciding 
whether to exclude any data. Note that if one measurement in a triplicate set of measurements 
was excluded then the entire set of triplicate measurement was also excluded. 
 

 
Figure 4-1 Plot of the mass percent of solids in Beach Tailing (Surrogate; FMWG-001) less than 44 
microns vs. method path (66 measurements). Average and median do not include the outliers 
excluded. FMWG line represents the COSIA’s Fine Measurements Working Group expected value. 

 
Figure 4-2 Plot of the mass percent of solids in High Fines Lean Ore/Waste (FMWG-004) less than 44 
microns vs. method path (66 measurements). Average and median do not include the outliers 
excluded. FMWG line represents the COSIA’s Fine Measurements Working Group expected value. 
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Figure 4-3 Plot of the mass percent of solids in Lean Ore (FMWG-006) less than 44 microns vs. method 
path (66 measurements including 3 excluded outliers). Average and median do not include the outliers 
excluded. FMWG line represents the COSIA’s Fine Measurements Working Group expected value. 

 

Figure 4-4 Plot of the mass percent of solids in MFT (FMWG-008) less than 44 microns vs. method path 
(66 measurements). Average and median do not include the outliers excluded. FMWG line represents 
the COSIA’s Fine Measurements Working Group expected value. 
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Figure 4-5 Plot of the mass percent of solids in Low Average Grade Ore (FMWG-012) less than 44 
microns vs. method path (66 measurements including 6 excluded outliers). Average and median do not 
include the outliers excluded. FMWG line represents the COSIA’s Fine Measurements Working 
Group expected value. 

 

 

Figure 4-6 Plot of the mass percent of solids in Centrifuge Cake (FMWG-013) less than 44 microns vs. 
method path (66 measurements including 3 excluded outliers). Average and median do not include the 
outliers excluded. FMWG line represents the COSIA’s Fine Measurements Working Group expected 
value. 
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Figure 4-7 Plot of the mass percent of solids in Treated Tails #1 (FMWG-016) less than 44 microns vs. 
method path (66 measurements). Average and median do not include the outliers excluded. FMWG 
line represents the COSIA’s Fine Measurements Working Group expected value. 

 

4.7.2 Statistical Analysis 

As was done for the Pilot and Round 1, the statistical analysis of Round 2 included calculation 
of consistency statistics for the less than 44 micron (mass%) as well as flagging and investigation 
of inconsistent results. Statistical analysis was performed using SAS Release 9.4 for Windows 
x64-based systems (SAS Institute Inc., Cary, NC, USA). As previously noted, this ILS differs 
from standard ILS as per ASTM E691-13 in that some laboratories ran multiple paths through 
the method. Consistency statistics were calculated for each laboratory/path combination in 
order to keep between-path variability separate from within-laboratory variability. The h-
statistic represents between-laboratory (and path) consistency, while the k-statistic represents 
within-laboratory (and path) consistency. All of these calculations are described in ASTM E691-
13, which also provides examples of typical analyses of the results3. 
 
Initial h- and k-consistency statistic plots were used to identify and confirm potential outliers. 
Potential outliers exceed the critical value of one of the consistency statistics. The identified 
outliers were investigated to determine whether they resulted from clerical, sampling, or 
procedural errors. Outliers were only excluded if the investigation concluded there was no 
clerical, sampling, or procedural errors and one of the following applied: 
 

• Deviations from test method or protocol 

• Equipment did not meet specifications in the method 

• Event log and special comments indicated occurrences known to affect the results 

• Error in original observations 

• Mislabeling or potential mislabeling of samples 
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Once certain outliers were excluded, the h- and k-consistency statistics had to be re-calculated. 
Critical limits for the h- and k-statistics could also change because they were related to a 
combination of the number of labs and sample replicates. New outliers that become apparent 
had to be investigated. If new outliers became apparent another round of investigations were 
carried out. The statistical analysis was therefore iterative until all outliers were resolved. In 
some cases, no reasonable basis could be defined to exclude some outliers and they were 
included in the final statistical analysis and precision statement.  
 
Table 4-5 and Table 4-6 summarize the scope of the investigations and final resolutions. ASTM 
E691-13, Section 19.2 is instructive regarding the consequences to excluding outliers: Any action, 
which results in discarding more than five percent of the ILS data likely will lead to the presentation of 
precision data that the test method cannot deliver in routine application. In contrast to Round 1 where 
5.9% of data were excluded outliers, only 12 out of the total of 462 data points representing 2.6% 
of the data set was excluded. Therefore, a valid precision statement can be provided for Round 
2 of this ILS that can be met in routine application of the method in its revised form. In the 
present case, excluded data resulted from possible sample mislabeling and observed 
(correctable or treatable) events, which are known to affect the results.  
 
Figure 4-8 to Figure 4-21 show the h- and k-consistency statistical plots for the seven materials 
evaluated. Data for outliers that were excluded following investigations are not represented in 
these plots. Most of the data fall within a narrow band inside the critical limits for the h- and k-
consistency statistics. Some data are shown that are either outside or close to the critical limits. 
These outlying data were investigated and it was determined that they should remain part of 
the analysis. These included outlier data are summarized, along with the excluded outliers, in 
Table 4-6. A significant proportion of the data falling close to or outside the limits of the h- and 
k-statistics involved Path A (Table 4-6), which requires boiling for dispersion and laser 
diffraction for size determination. The preponderance of Path A outliers may be related to the 
need for good dispersion of all fines for laser diffraction to correctly measure size distribution. 
In contrast, with wet sieve, perfect dispersion is not required as repeated washing and agitation 
of the solids can work most soft agglomerated fines through the sieve. 
 
 
Table 4-5 Summary of investigations and resolutions 

Data Points Number % of Total Data  Points 

Total number of data points 462 100 

Number of data points investigated 42 9.1 

Number of investigated data left unchanged 30* 6.5 

Number of investigated data labelled “Outlier” and 
excluded from data analysis 

12 2.6 

* Includes two data entry corrections and re-run of two samples. 
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Table 4-6 Details of outlier investigation 

Lab # Path  
Material Statistical 

 Concern 
Conclusion 

COSIA ID Description 

8 A FMWG-001 Beach tailings (surrogate) k Use data as submitted 

10 D FMWG-001 Beach tailings (surrogate) k Use corrected data 

8 A FMWG-004 High fines lean ore/waste (tidal) k Use data as submitted 

8 A FMWG-006 Lean ore k Use corrected data 

23 A FMWG-006 Lean ore k Outlier excluded 

22 C FMWG-008 MFT h/k Use data as submitted 

12 A FMWG-012 Low avg. grade ore k Outlier excluded 

18 A FMWG-012 Low avg. grade ore k Use corrected data 

23 A FMWG-012 Low avg. grade ore k Outlier excluded 

1 A FMWG-013 Centrifuge cake k Use data as submitted 

12 A FMWG-013 Centrifuge cake k Outlier excluded 

17 B FMWG-013 Centrifuge cake k Use corrected data 

8 C FMWG-016 Treated tails #1 k Use data as submitted 

22 C FMWG-016 Treated tails #1 h/k Use data as submitted 
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Figure 4-8 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Beach Tailing (Surrogate) (FMWG-001) in Round 2 (red lines indicate critical values for h). 

 

 

Figure 4-9 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Beach Tailing (Surrogate) (FMWG-001) in Round 2 (red line indicates critical value for k). 
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Figure 4-10 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High Fines Lean Ore/waste (Tidal) (FMWG-004) in Round 2 (red lines indicate critical values for h). 

 
 

 
Figure 4-11 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High Fines Lean Ore/waste (Tidal) (FMWG-004) in Round 2 (red line indicates critical value for k). 
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Figure 4-12 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Lean Ore (FMWG-006) in Round 2 (red lines indicate critical values for h). 

 
 
 
 

 
 

Figure 4-13 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Lean Ore (FMWG-006) in Round 2 (red line indicates critical value for k). 
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Figure 4-14 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
MFT (FMWG-008) in Round 2 (red lines indicate critical values for h). 

 
 
 

 
 
 
Figure 4-15 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
MFT (FMWG-008) in Round 2 (red line indicates critical value for k). 
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Figure 4-16 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Low Average Grade Ore (FMWG-012) in Round 2 (red lines indicate critical values for h). 

 
 

 

 
Figure 4-17 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Low Average Grade Ore (FMWG-012) in Round 2 (red line indicates critical value for k). 
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Figure 4-18 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Centrifuge Cake (FMWG-013) in Round 2 (red lines indicate critical values for h). 

 
 
 

 
Figure 4-19 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Centrifuge Cake (FMWG-013) in Round 2 (red line indicates critical value for k). 
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Figure 4-20 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Treated Tails #1 (FMWG-016) in Round 2 (red lines indicate critical values for h). 

 

 
 

 
Figure 4-21 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Treated Tails #1 (FMWG-016) in Round 2 (red line indicates critical value for k). 
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4.7.3 Precision Statement 

The precision statement for analysis of the seven materials evaluated in Round 2 is shown in 
Table 4-7. Summary statistics are provided in Table 4-8. Note that this precision statement is 
presented for the analytical method as a whole and does not consider the precision of 
individual paths within the method. Using this precision statement, the repeatability of 
measurements within a single laboratory can be assessed for quality assurance and control 
purposes. Similarly, the precision statement allows comparison of results from different 
laboratories for the same material. In this precision statement, the mean value for a material is 
based on the entire population of measurements of that material except for the excluded 
outliers.  
 
The repeatability standard deviation (sr) represents the root of the mean of the squares of the 
standard deviations for measurements from individual laboratories for a given material. The 
repeatability condition encompasses conditions where independent test results are obtained 
with the same method on identical test items in the same laboratory by the same operator using 
the same equipment within short intervals of time. The repeatability limit (r) is the value below 
which the absolute difference between two individual test results obtained under repeatability 
conditions may be expected to occur with a probability of approximately 0.95 (95 %). 
 
The reproducibility standard deviation (sR) is a combination of the repeatability standard 
deviation and the standard deviation of laboratory mean values about the global mean. The 
reproducibility condition encompasses conditions where test results are obtained with the same 
method on identical test items in different laboratories with different operators using different 
equipment. The reproducibility limit (R) is the value below which the absolute difference 
between two test results obtained under reproducibility conditions may be expected to occur 
with a probability of approximately 0.95 (95 %). 
 
Table 4-7 Precision statement for seven materials with average fines content from 12.2 wt.% to 97.4 
wt.% 

COSIA ID Sample Type 
Wt.% of Fines < 44 microns 

Mean sr
a sR

b rc Rd 

FMWG-001 Beach tailings (surrogate) 12.24 1.16 2.70 3.3 7.6 

FMWG-012 Low avg. grade ore 23.25 1.22 5.46 3.4 15.3 

FMWG-006 Lean ore 35.47 1.59 5.73 4.5 16.1 

FMWG-004 High fines lean ore/waste (tidal) 44.11 1.35 6.25 3.8 17.5 

FMWG-016 Treated tails #1 86.68 2.86 10.44 8.0 29.2 

FMWG-013 Centrifuge cake 88.78 1.24 5.07 3.5 14.2 

FMWG-008 MFT 97.36 1.45 3.23 4.1 9.0 

a. sr: Repeatability (within laboratory) standard  deviation 

b. sR: Reproducibility (between laboratories) standard deviation 
c. r: Repeatability Limit (r = 2.8sr): maximum difference (95% confidence) between test results in a single 

laboratory  
d. R: Reproducibility Limit (R = 2.8sR): maximum difference (95% confidence) between test results from 

different laboratories 
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Table 4-8 Summary statistics (without excluded outliers) for Round 2 

     Wt.% of Fines < 44 microns 

COSIA ID Sample Type N 
Observed 

N 
Excluded 

FMWG 
Expected 

Value 

Mean Median Std. 
Dev. 

Coeff. of  
Variation 

(%) 

Min. Max. 

FMWG-001 Beach Tailings (Surrogate) 66 0 11.4 12.24 12.05 2.67 21.80 5.9 18.8 

FMWG-012 Low avg. grade ore 66 6 19.18 23.25 21.70 5.37 23.08 11.6 32.6 

FMWG-006 Lean Ore 66 3 32.04 35.47 36.00 5.65 15.92 22.4 47.4 

FMWG-004 High Fines Lean Ore/waste 
(Tidal) 

66 0 40.0 44.11 43.75 6.16 13.97 30.4 55.3 

FMWG-016 Treated Tails #1 66 0 93.9 86.68 91.25 10.29 11.87 55.1 99.2 

FMWG-013 Centrifuge Cake 66 3 88.2 88.78 90.80 5.00 5.63 75.6 96.7 

FMWG-008 MFT 66 0 99.4 97.36 98.85 3.19 3.27 84.9 100.0 
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Figure 4-22 shows the variation of repeatability (sr) and reproducibility (sR) standard deviation 
with the property value, i.e., the mean amount of fines less than 44 microns. Both the 
repeatability and reproducibility standard deviations show no dependence on mean fines 
content. It is again stressed that these standard deviations include not just variations in lab and 
between labs but variability of lab-path combinations.   
 
 

 
Figure 4-22 Mean property values (% fine < 44 microns) vs. repeatability and reproducibility standard 
deviation.  

 

4.8 SUMMARY AND CONCLUSIONS 

The revised method (dated February 2016, Attachment 2) employed in this round of the ILS 
included four distinct paths that could be followed to determine the property value (percent of 
fines less than 44 microns). All four paths were used, although not equally, by the 15 
laboratories that completed Round 2 of the ILS.  
 
Sixty-six measurements were made for each of the seven materials. These materials contained 
from 12.2 to 97.4% of fines less than 44 microns. A total of 462 measurements were made; 
however, 12 measurements were outliers, which were subsequently rejected for a variety of 
reasons. The rejected data amounted to 2.6% of the data set so a valid precision statement was 
produced and is valid for routine application of the method in its revised form. In the present 
case, excluded data resulted from equipment not meeting specifications, sample mislabeling, 
and observed (correctable or treatable) events, which are known to affect the results. 
 
Consistency statistics, that provide a measure of within-lab repeatability and between-lab 
reproducibility, were examined as part of the analysis of outliers. This analysis indicated that 
method path A involving boiling for dispersion and laser diffraction for size determination had 
a preponderance of the outliers. Since all method paths were not used by a consistent majority 
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of labs, no conclusion about the precision of any paths can be made and was not an objective of 
this ILS. 
 
A precision statement was determined based on the seven materials used in Round 2. This 
precision statement covers materials containing from 12.2 to 97.4% of fines less than 44 microns. 
The repeatability (within lab) limit represents the maximum difference between two test results 
obtained under repeatability conditions with 95% probability. The repeatability limit ranged 
from 3.3 to 8.0% of fines. The reproducibility (between labs) limit represents the maximum 
difference between two test results obtained under reproducibility conditions with 95% 
probability. The reproducibility limit ranged from 7.6 to 29.2%. 
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5.0  ILS ROUND 2 –DATA ANALYSIS OF SELECTED LABS  

5.1 SELECTIVE DATA ANALYSIS 

Following the formal completion of Round 2 of the ILS, COSIA FMWG requested an analysis of 
data from a subset of ILS labs. COSIA provided a list of named labs and the ILS Coordinator 
selected the data corresponding to those labs. Since nine labs were named by COSIA, the ILS 
Coordinator determined that this number of labs was large enough that lab confidentiality 
would be maintained and lab names could not be associated with lab ID numbers.  
 

5.2 PARTICIPATING LABORATORIES 

Seven of the nine laboratories identified by COSIA participated in Round 2 of the ILS. The list of 
participating laboratories and the paths they followed are given in Table 5-1. More details on 
the laboratories, including ILS Laboratory Supervisors, are given in Appendix 1. The number of 
labs using each of the four paths is summarized in Table 5-2.  
 
As in the Pilot Round and Round 1, some laboratories chose to carry out measurements 
following more than one path. In these cases, the laboratories received a sufficient number of 
samples to run triplicate samples through each path selected. Unlike the previous rounds, all 
laboratories ran both MFT- (mature fine tails) and OS-type samples. Finally, some laboratories 
did not have capabilities to clean the samples following the procedures given in the COSIA 
method (Dean-Stark or cold wash). In these cases, the laboratories were provided with samples 
cleaned by Dean-Stark. All the relevant data for each cleaned sample (i.e., mass percent oil, 
water, and solids) was provided in an Excel file.  
 
 
Table 5-1 Laboratories participating in Round 2 of ILS and method paths used. 

Laboratory ID Sample State* Paths # MFT-type Samples # OS-type Samples 

Lab 4 As sampled A,B,C,D 48 36 

Lab 6 As sampled B 12 9 

Lab 8 As sampled A,C 24 18 

Lab 10 Cleaned B,D 24 18 

Lab 13 As sampled A,B 24 18 

Lab 18 As sampled A,C 24 18 

Lab 20 As sampled B 12 9 
* Cleaned: Cleaned by Dean-Stark extraction to remove bitumen and water and then hammermilled; as sampled: as 
retrieved from oil sands operations after homogenization and subsampling. 

 
Table 5-2 Number of labs using each method path in Round 2. 

Path Dispersion Measurement Path Representation 

A Boiling Laser diffraction 4 

B Sonication Laser diffraction 5 

C Boiling Wet sieve 3 

D Sonication Wet sieve 2 
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5.3 STATISTICAL DATA SUMMARY 

5.3.1 Data Review, Cleansing, and Consolidation 

Figure 5-1 to Figure 5-7 shows plots of all reported data for the less than 44 micron fraction, as a 
function of method path, for the seven materials. The mean, median expect COSIA FMWG 
values are shown on each plot. The excluded outliers shown in Figure 5-1 to Figure 5-7  were 
identified during the statistical analyses discussed below. Round 2 data sorted by ILS 
laboratory number are provided in Appendix 8: Round Data Sorted by Lab Number. 
 
The data review and cleansing process follows the procedures discussed in the previous section.  
 
 

 
 

Figure 5-1 Plot of the mass percent of solids in Beach Tailing (Surrogate; FMWG-001) less than 44 
microns vs. method path (66 measurements). Average and median do not include the outliers 
excluded. FMWG line represents the COSIA’s Fine Measurements Working Group expected value. 
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Figure 5-2 Plot of the mass percent of solids in High Fines Lean Ore/Waste (FMWG-004) less than 44 
microns vs. method path (66 measurements). Average and median do not include the outliers 
excluded. FMWG line represents the COSIA’s Fine Measurements Working Group expected value. 

 

 
 

Figure 5-3 Plot of the mass percent of solids in Lean Ore (FMWG-006) less than 44 microns vs. method 
path (66 measurements including 3 excluded outliers). Average and median do not include the outliers 
excluded. FMWG line represents the COSIA’s Fine Measurements Working Group expected value. 
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Figure 5-4 Plot of the mass percent of solids in MFT (FMWG-008) less than 44 microns vs. method path 
(66 measurements). Average and median do not include the outliers excluded. FMWG line represents 
the COSIA’s Fine Measurements Working Group expected value. 

 

 

Figure 5-5 Plot of the mass percent of solids in Low Average Grade Ore (FMWG-012) less than 44 
microns vs. method path (66 measurements including 3 excluded outliers). Average and median do not 
include the outliers excluded. FMWG line represents the COSIA’s Fine Measurements Working 
Group expected value. 



 

 
Precision of Particle Size Measurements [63]  
June 2017 

 

Figure 5-6 Plot of the mass percent of solids in Centrifuge Cake (FMWG-013) less than 44 microns vs. 
method path (66 measurements including 3 excluded outliers). Average and median do not include the 
outliers excluded. FMWG line represents the COSIA’s Fine Measurements Working Group expected 
value.  

 
 

 

 
Figure 5-7 Plot of the mass percent of solids in Treated Tails #1 (FMWG-016) less than 44 microns vs. 
method path (66 measurements). Average and median do not include the outliers excluded. FMWG 
line represents the COSIA’s Fine Measurements Working Group expected value. 
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5.3.2 Statistical Analysis 

As was done for Round 2 results in the previous chapter of this report, the statistical analysis of 
the selected subset of Round 2 included calculation of consistency statistics for the less than 44 
micron (mass%) as well as flagging and investigation of inconsistent results. Statistical analysis 
was performed using SAS Release 9.4 for Windows x64-based systems (SAS Institute Inc., Cary, 
NC, USA). As previously noted, this ILS differs from standard ILS as per ASTM E691-13 in that 
some laboratories ran multiple paths through the method. Consistency statistics were calculated 
for each laboratory/path combination in order to keep between-path variability separate from 
within-laboratory variability. The h-statistic represents between-laboratory (and path) 
consistency, while the k-statistic represents within-laboratory (and path) consistency. All of 
these calculations are described in ASTM E691-13, which also provides examples of typical 
analyses of the results3. 
 
Initial h- and k-consistency statistic plots were used to identify and confirm potential outliers. 
Potential outliers exceed the critical value of one of the consistency statistics. The identified 
outliers were investigated to determine whether they resulted from clerical, sampling, or 
procedural errors. Outliers were only excluded if the investigation concluded there was no 
clerical, sampling, or procedural errors and one of the following applied: 
 

• Deviations from test method or protocol 

• Equipment did not meet specifications in the method 

• Event log and special comments indicated occurrences known to affect the results 

• Error in original observations 

• Mislabeling or potential mislabeling of samples 
 
Once certain outliers were excluded, the h- and k-consistency statistics had to be re-calculated. 
Critical limits for the h- and k-statistics could also change because they were related to a 
combination of the number of labs and sample replicates. New outliers that become apparent 
had to be investigated. If new outliers became apparent another round of investigations were 
carried out. The statistical analysis was therefore iterative until all outliers were resolved. In 
some cases, no reasonable basis could be defined to exclude some outliers and they were 
included in the final statistical analysis and precision statement.  
 
Table 5-3 and Table 5-4 summarize the scope of the investigations and final resolutions. ASTM 
E691-13, Section 19.2 is instructive regarding the consequences to excluding outliers: Any action, 
which results in discarding more than five percent of the ILS data likely will lead to the presentation of 
precision data that the test method cannot deliver in routine application. In contrast to previous 
analyses, no data were excluded as outliers.  
 
Figure 5-8 to Figure 5-21 show the h- and k-consistency statistical plots for the seven materials 
evaluated. Most of the data fall within a narrow band inside the critical limits for the h- and k-
consistency statistics. Some data are shown that are either outside or close to the critical limits. 
These outlying data were investigated and it was determined that they should remain part of 
the analysis. These included outlier data are summarized in Table 5-4. Almost all of the data 
falling close to or outside the limits of the h- and k-statistics involved Path A (Table 5-4), which 
requires boiling for dispersion and laser diffraction for size determination. The preponderance 



 

 
Precision of Particle Size Measurements [65]  
June 2017 

of Path A outliers may be related to the need for good dispersion of all fines for laser diffraction 
to correctly measure size distribution. In contrast, with wet sieve, perfect dispersion is not 
required as repeated washing and agitation of the solids can work most soft agglomerated fines 
through the sieve. 
 
 
Table 5-3 Summary of investigations and resolutions 

Data Points Number % of Total Data  Points 

Total number of data points 294 100 

Number of data points investigated 21 7.1 

Number of investigated data left unchanged 21 7.1 

Number of investigated data labelled “Outlier” and 
excluded from data analysis 

0 0 

 
 
Table 5-4 Details of outlier investigation 

Lab # Path 
Material Statistical 

Concern 
Conclusion 

COSIA ID Description 

8 A FMWG-001 Beach Tailings (Surrogate) k Use data as submitted 

8 A FMWG-004 
High Fines Lean 
Ore/waste (Tidal) 

k Use data as submitted 

8 A FMWG-006 Lean Ore k Use data as submitted 

8 A FMWG-008 MFT k Use data as submitted 

18 A FMWG-012 Low avg. grade ore k Use data as submitted 

8 A FMWG-013 Centrifuge Cake h Use data as submitted 

8 C FMWG-016 Treated Tails #1 k Use data as submitted 
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Figure 5-8 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Beach Tailing (Surrogate) (FMWG-001) in Round 2 (red lines indicate critical values for h). 

 

 

Figure 5-9 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Beach Tailing (Surrogate) (FMWG-001) in Round 2 (red line indicates critical value for k). 
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Figure 5-10 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High Fines Lean Ore/waste (Tidal) (FMWG-004) in Round 2 (red lines indicate critical values for h). 

 
 

 
 

Figure 5-11 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
High Fines Lean Ore/waste (Tidal) (FMWG-004) in Round 2 (red line indicates critical value for k). 
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Figure 5-12 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Lean Ore (FMWG-006) in Round 2 (red lines indicate critical values for h). 

 
 
 
 

 
 

Figure 5-13 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Lean Ore (FMWG-006) in Round 2 (red line indicates critical value for k). 
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Figure 5-14 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
MFT (FMWG-008) in Round 2 (red lines indicate critical values for h). 

 
 
 

 
 
 
Figure 5-15 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
MFT (FMWG-008) in Round 2 (red line indicates critical value for k). 
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Figure 5-16 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Low Average Grade Ore (FMWG-012) in Round 2 (red lines indicate critical values for h). 

 
 

 
 

Figure 5-17 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Low Average Grade Ore (FMWG-012) in Round 2 (red line indicates critical value for k). 
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Figure 5-18 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Centrifuge Cake (FMWG-013) in Round 2 (red lines indicate critical values for h). 

 
 
 

 
 

Figure 5-19 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Centrifuge Cake (FMWG-013) in Round 2 (red line indicates critical value for k). 
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Figure 5-20 h - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Treated Tails #1 (FMWG-016) in Round 2 (red lines indicate critical values for h). 

 

 

 
Figure 5-21 k - consistency statistics by laboratory and path for <44 micron (mass%) measurement for 
Treated Tails #1 (FMWG-016) in Round 2 (red line indicates critical value for k). 
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5.3.3 Precision Statement 

The precision statement for analysis of the seven materials evaluated in Round 2 for the subset 
of labs is shown in Table 5-5. Summary statistics are provided in Table 5-6. Note that this 
precision statement is presented for the analytical method as a whole and does not consider the 
precision of individual paths within the method. Using this precision statement, the 
repeatability of measurements within a single laboratory can be assessed for quality assurance 
and control purposes. Similarly, the precision statement allows comparison of results from 
different laboratories for the same material. In this precision statement, the mean value for a 
material is based on the entire population of measurements of that material except for the 
excluded outliers.  
 
The repeatability standard deviation (sr) represents the root of the mean of the squares of the 
standard deviations for measurements from individual laboratories for a given material. The 
repeatability condition encompasses conditions where independent test results are obtained 
with the same method on identical test items in the same laboratory by the same operator using 
the same equipment within short intervals of time. The repeatability limit (r) is the value below 
which the absolute difference between two individual test results obtained under repeatability 
conditions may be expected to occur with a probability of approximately 0.95 (95 %). 
 
The reproducibility standard deviation (sR) is a combination of the repeatability standard 
deviation and the standard deviation of laboratory mean values about the global mean. The 
reproducibility condition encompasses conditions where test results are obtained with the same 
method on identical test items in different laboratories with different operators using different 
equipment. The reproducibility limit (R) is the value below which the absolute difference 
between two test results obtained under reproducibility conditions may be expected to occur 
with a probability of approximately 0.95 (95 %). 
 
 
Table 5-5 Precision statement for seven materials with average fines content from 12.01 wt.% to 97.72 
wt.%. A subset of labs from Round 2 was used to develop this precision statement. 

COSIA ID Sample Type 
Wt.% of Fines < 44 microns 

Mean sr
a sR

b rc Rd 

FMWG-001 Beach Tailings (Surrogate) 12.01 1.06 2.71 3.0 7.6 

FMWG-012 Low avg. grade ore 23.09 1.22 5.74 3.4 16.1 

FMWG-006 Lean Ore 35.62 1.76 6.33 4.9 17.7 

FMWG-004 High Fines Lean Ore/waste (Tidal) 44.06 1.18 6.94 3.3 19.4 

FMWG-013 Centrifuge Cake 89.28 0.75 4.56 2.1 12.8 

FMWG-016 Treated Tails #1 89.62 2.42 7.62 6.8 21.3 

FMWG-008 MFT 97.72 0.94 2.61 2.6 7.3 

a. sr: Repeatability (within laboratory) standard  deviation 

b. sR: Reproducibility (between laboratories) standard deviation 
c. r: Repeatability Limit (r = 2.8sr): maximum difference (95% confidence) between test results in a single 

laboratory  
d. R: Reproducibility Limit (R = 2.8sR): maximum difference (95% confidence) between test results from 

different laboratories 
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Table 5-6 Summary statistics from a subset of labs for Round 2. No outliers were identified. 

     Wt.% of Fines < 44 microns 

COSIA ID Sample Type N 
Observed 

N 
Excluded 

FMWG 
Expected 

Value 

Mean Median Std. 
Dev. 

Coeff. of  
Variation 

(%) 

Min. Max. 

FMWG-001 Beach Tailings (Surrogate) 42 0 11.4 12.01 12.15 2.65 22.06 5.9 17.2 

FMWG-012 Low avg. grade ore 42 0 19.18 23.09 22.95 5.60 24.26 11.6 32.6 

FMWG-006 Lean Ore 42 0 32.04 35.62 35.35 6.19 17.37 22.4 47.4 

FMWG-004 High Fines Lean Ore/waste 
(Tidal) 

42 0 40.0 44.06 41.95 6.77 15.37 30.4 55.3 

FMWG-013 Centrifuge Cake 42 0 88.2 89.28 90.75 4.45 4.98 75.6 95.0 

FMWG-016 Treated Tails #1 42 0 93.9 89.62 92.60 7.45 8.31 70.9 97.5 

FMWG-008 MFT 42 0 99.4 97.72 99.10 2.56 2.62 91.6 100.0 

 
 
Table 5-7 Comparison of reproducibility and repeatability for the full set of 15 labs compared to the subset of 7 labs for Round 2. 

 
 
 
 
 
 
 
 
 
 
 

a. r: Repeatability Limit (r = 2.8sr): maximum difference (95% confidence) between test results in a single laboratory  
b. R: Reproducibility Limit (R = 2.8sR): maximum difference (95% confidence) between test results from different laboratories 

 

COSIA ID Sample Type 

Wt.% of Fines < 44 microns 

Mean ra Rb 

15 labs 7 labs 15 labs 7 labs 15 labs 7 labs 

FMWG-001 Beach tailings (surrogate) 12.24 12.01 3.3 3.0 7.6 7.6 

FMWG-012 Low avg. grade ore 23.25 23.09 3.4 3.4 15.3 16.1 

FMWG-006 Lean ore 35.47 35.62 4.5 4.9 16.1 17.7 

FMWG-004 High fines lean ore/waste (tidal) 44.11 44.06 3.8 3.3 17.5 19.4 

FMWG-016 Treated tails #1 86.68 89.62 8.0 6.8 29.2 21.3 

FMWG-013 Centrifuge cake 88.78 89.28 3.5 2.1 14.2 12.8 

FMWG-008 MFT 97.36 97.72 4.1 2.6 9.0 7.3 
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5.4 SUMMARY AND CONCLUSIONS 

Data from Round 2 of the ILS was re-analyzed for a subset of seven labs identified by COSIA. 
This new analysis followed the same procedures used for analysis of the full Round 2 data set. 
A total of 294 measurements were made and 21 measurements were investigated as potential 
outliers. Following the investigations, no data were excluded so the complete set of 294 
measurements was used in the development of the precision statement.  
 
A precision statement was determined based on the seven materials analyzed by the seven 
selected labs in Round 2. This precision statement covers materials containing from 12.0 to 
97.7% of fines less than 44 microns. The repeatability (within lab) limit represents the maximum 
difference between two test results obtained under repeatability conditions with 95% 
probability. The repeatability limit ranged from 2.1 to 6.8% of fines. This represents an 
improvement from the results with the full Round 2 data where the repeatability limit ranged 
from 3.3 to 8.0% of fines. The reproducibility (between labs) limit represents the maximum 
difference between two test results obtained under reproducibility conditions with 95% 
probability. The reproducibility limit ranged from 7.3 to 21.3% and represents a slight 
improvement from the results with the full Round 2 data where the reproducibility limit ranged 
from 7.6 to 29.2% of fines. The improvements in both repeatability and reproducibility were 
most evident for material containing greater than 89.6% fines. For materials with fines content 
below 44.1%, repeatability and reproducibility were not always better with the subset of seven 
labs and in some cases were less precise. 
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6.0  ILS SUMMARY 

6.1 OVERVIEW 

This ILS was conceived by COSIA to provide precision statistics (repeatability and 
reproducibility, but not accuracy) for a fines measurement method to assist oil sands producers 
to meet regulatory requirements of Alberta Energy Regulator (Directive -074). Even though the 
specific regulation was suspended in March 2015 pending review, the ILS was continued due to 
the wider value to the industry of the information being obtained. 
 
COSIA authored the original method in parallel with a design of experiment statistical study of 
the various steps in the method. The original version of the method was completed in February 
2015. The most current version of the method will be found on the COSIA website. By this date, 
planning for the ILS was well underway. The initial design was envisioned to include a pilot 
round and up to three full-scale rounds with two materials in the pilot round and seven to ten 
materials in each full-scale round. The completed ILS included a Pilot Round with two 
materials and two full-scale rounds with seven materials in each. 
 
This ILS differed in significant ways from the standard ASTM ILS. First, the written method for 
fines measurement was new and labs participating in the ILS would not be familiar with 
important details of the method. Second, the initial method included 16 different paths for 
providing the measurement results. Labs could follow more than one of these paths and 
therefore provide multiple sets of results for the same material. These 16 different paths had the 
advantage of offering the lab various method elements (mortar and pestle, sieving, etc.) that 
they might be familiar with although they might not be practiced in the same manner as 
specified by the method. This familiarity and historical practice, by some labs, of certain 
elements of the new method may also have added to the challenge of getting labs to follow the 
exact procedures in the method. Such deviations, while perhaps unintentional may have 
affected the results. Finally, the method, being new, was subject to revision after Round 1 of the 
ILS. Revision to the method meant that results from subsequent ILS rounds could not be 
combined or compared directly with those from prior rounds. 
 
The ILS was preceded by webinars with participating labs, COSIA, and ITA on November 14th 
and December 2nd, 2014. The webinar generated FAQs that provided clarifications about the 
method. The Pilot round commenced April 1st, 2015 and the nominal completion date was April 
24th, 2015, but the last lab report was not received until May 15, 2015. Round 1 of the ILS 
commenced June 29th and the nominal completion date was July 27th, 2015; however, the last lab 
report was not received until August 24th, 2015. The analysis of the data from Round 1 led to 
significant revisions to the method. A webinar was provided to participating labs to highlight 
knowledge gained from the ILS and revisions to the method. The testing period for Round 2 
was May 9th and July 8th, 2016 with the last report being received July 20th, 2016. 
 
This ILS met the basic requirements for producing valid precision statements. The design and 
operation of this ILS closely adhered to the recommendations and procedures laid out in ASTM 
E691-13. In both full-scale rounds, participation was gained from more than six labs, 
representing a cross-section of qualified labs that frequently work with oil sands operators in 
Alberta. Labs in Alberta qualified to run the test were encouraged by COSIA to participate in 
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the ILS. Seven test materials representing different test levels (mean fines content) were utilized 
to provide a precision statement with a broad range of property levels. . Each lab received three 
replicates of each material for each path followed. 

6.2 RESULTS 

The main purpose of the Pilot Round was to determine whether the method, protocols, and 
procedures were clear to all involved (laboratory ILS supervisors, laboratory technicians, 
statistician, data analyst, and ILS coordinator (ITA)). The second objective was to ensure that all 
laboratories were proficient in using the method. The final objective was to test the ILS logistics 
(labelling, packaging, timely shipping, communications). Two materials were used in the Pilot 
Round: one oil sands and one mature fine tails (MFT). Fourteen of 16 possible paths were used 
by 21 labs in the Pilot Round. All of the objectives of the Pilot Round were achieved. Thirteen 
FAQs (frequently asked questions) were updated during and after the Pilot Round. 
Improvements in protocols and report templates were also made.  No precision statement was 
provided for the Pilot Round. The coefficient of variation for measurement of fines less than 44 
microns for the MFT (FMWG-00a; 82.2% mean fines content) and oil sands ore (FMWG-00b; 
53.2% mean fines content) was 19.46% and 12.14%, respectively. 
 
For Round 1, only 12 of the 16 paths were used by the 19 participating laboratories. Ninety 
measurements were made for each of three MFT-type materials and 84 measurements for each 
of four oil sands ore-type materials. These materials contained from 12.3 to 89.3% of fines less 
than 44 microns. Thirty-six measurements were outliers, which were subsequently rejected for a 
variety of reasons. The rejected data amounted to 5.9% of the data set, exceeding the ASTM 
maximum of 5% rejection, so the precision may not be met in routine application of the method 
in its present form. The repeatability limit ranged from 2.3% to 7.9%of fines, while the 
reproducibility limit ranged from 10.8% to 35.7% of fines. This level of precision would 
normally be considered inadequate for an analytical method. Statistical analysis indicated that 
method paths involving mortar and pestle for disaggregation of the cleaned material stood out 
as having lower consistency. These results led to revisions of the method, which was evaluated 
in Round 2.  
 
The revised method employed in Round 2 included four distinct paths. All four paths were 
used, although not equally, by the fifteen laboratories that completed Round 2 of the ILS. Sixty-
six measurements were made for each of the seven materials. These materials contained from 
12.2 to 97.4% of fines less than 44 microns. A total of 462 measurements were made; however, 12 
measurements were outliers, which were subsequently rejected for a variety of reasons. The 
rejected data amounted to 2.6% of the data set so a precision statement was produced, which is 
valid for routine application of the method in its revised form. The repeatability limit ranged 
from 3.3 to 8.0% of fines and the reproducibility limit ranged from 7.6 to 29.2% of fines. 
Consistency statistics indicated that method path A involving boiling for dispersion and laser 
diffraction for size determination had the majority of outliers. This observation may indicate 
that some further improvements in the method may be possible.  
 
Figure 6-1 shows a comparison of the repeatability and reproducibility standard deviation for 
Round 1 and Round 2. The results for Round 1 and Round 2 show roughly the same trend and 
very little difference. Any improvement in precision in Round 2 compared to Round 1 is slight. 
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The major difference is that Round 2 results are considered valid for routine application of the 
revised method (dated February 2016, see Attachment 2) because only 2.6% of data was rejected 
compared to 5.9% of data rejected in Round 1 with the original method (dated February 2015, 
see Attachment 1). 

 
 

Figure 6-1 Mean property values (% fines < 44 microns) vs. the repeatability and reproducibility 
standard deviation for each material in Round 1 and Round 2. 

 
Data from Round 2 of the ILS was re-analyzed for a subset of seven labs identified by COSIA. A 
total of 294 measurements with no outliers excluded. A precision statement was determined 
based on the seven materials analyzed by the seven selected labs in Round 2. This precision 
statement covers materials containing from 12.0 to 97.7% of fines less than 44 microns. The 
repeatability limit ranged from 2.1 to 6.8% of fines. This represents an improvement from the 
results with the full Round 2 data where the repeatability limit ranged from 3.3 to 8.0% of fines. 
The reproducibility limit ranged from 7.3 to 21.3% and represents a slight improvement from 
the results with the full Round 2 data where the reproducibility limit ranged from 7.6 to 29.2% 
of fines. The improvements in both repeatability and reproducibility were most evident for 
material containing greater than 89.6% fines.  
 

6.3 CONCLUSIONS 

An interlaboratory study (ILS) was undertaken to determine the precision of a method 
developed by COSIA to measure the amount of fines less than 44 microns in oil sands and oil 
sands derived material. The ILS was comprised of a Pilot Round and two full-scale rounds of 
testing. While the method as a whole was new, the individual steps in the method were well 
known to laboratories, although these steps may have been practised in subtle or significantly 
different ways. The original version of the method was used for the Pilot and Round 1 but it 
was significantly revised for Round 2 (dated February 2016, see Attachment 2). The 16 paths 
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(choice of procedural steps selected and followed by lab using the method) in the original 
method (dated February 2015, see Attachment 1) for fines determination were refined down to 
four paths in the revised method. The performance of the laboratories improved in each 
successive round of the ILS both in terms of actual performance of the measurements and 
reporting of the results. 
 
A precision statement was produced from the results of Round 1 but, due to the high 
percentage of data rejected as outliers (5.9%), the precision statement was not considered 
reliable for routine application of the original method. In contrast, the precision statement for 
Round 2 was considered reliable for routine application of the revised method as the percentage 
of data rejected as outliers (2.6%) was below the 5% threshold suggested by ASTM. 
Interestingly, the precision statements from Rounds 1 and 2 show only marginal differences 
even for the three materials (FMWG-001, -004 and -006) common to both rounds 
 
For Round 2, the 95% confidence interval for repeatability limit (r; within a single lab) relative to 
mean content of fines less than 44 microns ranged from 3.9 to 27.0%. Similarly, the 95% 
confidence interval for reproducibility limit (R; between labs) relative to mean content of fines 
less than 44 microns ranged from 9.2 to 65.8%. These high variabilities imply low to moderate 
precision of the measurements. The precision may be improved with better proficiency in lab 
practice and improvements to the method. 
 

6.4 RECOMMENDATIONS 

It is probable that the precision of the method in its current (revised February 2016) form can be 
improved. The familiarity of labs with the broad steps in the method may be detrimental to 
following the method exactly. Experience working with one lab with inconsistent performance 
in this ILS showed that all parties could achieve significant improvements with sufficient 
investment of time. Unfortunately, time investment on this scale was not practical as part of the 
ILS.  
 
Both the original method (dated February 2015) and the revised method (dated February 2016) 
offer multiple paths (choice of procedural steps selected and followed by labs using the method) 
for fines determination. This ILS by necessity treated all paths as equivalent and a global 
precision statement was produced covering all paths. The ILS results indicate that not all paths 
may yield equal precision. Further analysis of the data, which is beyond the scope of this ILS, 
may yield additional insights into the differences between the paths. Paths could be refined 
(being prescriptive on equipment and individual steps) or eliminated to improve the overall 
precision of the method. 
 
Although non-trivial to accomplish, it would also be beneficial to produce two or more 
standard materials that could serve as references between labs and versions of the method. 
 
All of the above steps could be undertaken with the involvement of a subset of ILS labs that 
have equipment meeting the method specifications. Once the above approaches have been 
explored, a new ILS could be undertaken to provide a new precision statement. 
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7.0  APPENDIX 1 :  ILS LABS 

Pilot Round 
Company Contact 

AGAT Laboratories 
3801-21st Street NE 
Calgary, AB T2E 6T5 

Mladenka K. Opalenik 
 

AMEC Foster Wheeler 
Environment & Infrastructure- Americas 
5671-70 Street 
Edmonton, AB, T6B 3P6 

Claudia L. Rincon 
 

Apex Engineering Inc. 
9403 20 Ave. NW 
Edmonton, AB, T6N 1 E5  

Nikolas Romaniuk  

Argile Analytica Inc. 
Bay #7, 2280 - 39TH Ave, NE   
Calgary, AB T2E 6P7  

Amir Iqbal 
 

ARIS, SAIT Polytechnic 
CA418, Aldred Centre, 1301, 16 Ave NW 
Calgary, AB T2M 0L4 

Vita Martinez/Lifeng Zhao 
 

Golder Associates Ltd. 
1721 8th Street East 
Saskatoon, SK S7H 0T4 

Jason Stianson 
 

HORIBA Instruments Inc.  
9755 Research Dr. Irvine CA 92618  

Amy Q. Hou  
 

Loring Tarcore Labs Ltd. 
6835-8 Street NE 
Calgary, AB T2E 7H7 

Greg Hu 
 

Maxxam (on behalf of Imperial) 
Exel Canada 
MRO Integrated 
Supply Chain Solutions 
6474 Roper Road 
Edmonton, AB T6B 3P9 
Mail Drop Point: Kearl Onsite Lab 

Orla Jorgensen or Terry 
Horton 
 

Maxxam Analytics 
6744 50th St NW 
Edmonton, AB T6B 3M9 

Janet Hay 
 

NAIT Applied Research Centre for Oil Sands Sustainability 
(NARCOSS) 
9413 20Ave, NW 
Edmonton, AB T6N 1E5 

Bei Zhao 
 

Ricky Chong 
Coanda Research and Development Corporation 
304-6741 Cariboo Rd. 
Burnaby, BC V3N4A3 

Ricky Chong 
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SGS Canada Inc. 
235 MacDonald Crescent 
Fort McMurray, AB  T9H 4B5 

Cristina Pavlovschi 
 

Shell Canada Energy 
Shell Technology Centre Calgary 
3655 36 Street NW 
Calgary, AB  T2L 1Y8 

Lauren Asplund 
 

Shell Global Solutions Canada - Analytical Chemistry  
a Division of Shell Chemicals Americas Inc.  
Shell Technology Center Calgary  
3655 36 Street NW 
Calgary, AB T2L 1Y8 

Nancy Renaux  
 

Soil Engineering Testing, Inc. 
2401 West 66th St. 
Richfield, MN 55423 

Slade Olson 

SRC Environmental Analytical Laboratories 
102 - 422 Downey Road 
Saskatoon, SK S7N 4N1 

David Chorney 
 

Syncrude Canada Ltd. 
Postal Bag 4009                                                                                                                        
Fort McMurray, AB T9H 3L1 

Satish Chugh 
 

Syncrude R&D 
9421 – 17 Avenue N.W. 
Edmonton, AB T6N 1H4 

Brenda Crickmore 
 

Terracon Geotechnique Ltd. 
8212 Manning Ave 
Fort McMurray, AB T9H 1V9 

Brandy Hasiuk 
 

Thurber Engineering Ltd. 
180-7330 Fisher St. SE 
Calgary, AB T2H 2H8 

Chenxi Zhang 
 

University of Alberta 
Department of Civil and Environmental Engineering 
School of Mining and Petroleum Engineering 
3-133, Markin/CNRL Natural Resources Engineering Facility 
Edmonton, AB T6G 2W2 

Nicholas Beier/Louis Kabwe 
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8.0  APPENDIX 2 :  PILOT ROUND SAMPLE HOMOGENEITY 

Table 8-1 Dean-Stark analysis of randomly selected samples from homogenized MFT material 
(FMWG-00a) for Pilot Round. 

Sample # Bitumen Water Solids Total 

MFT #1 3.50 63.53 33.15 100.18 

MFT #2 3.48 63.42 33.19 100.09 

MFT #3 3.30 63.68 33.20 100.18 

MFT #4 3.39 63.50 33.24 100.13 

MFT #5 3.35 63.57 33.28 100.20 

MFT #6 3.43 63.35 33.13 99.91 

MFT #7/8 3.39 63.28 33.26 99.93 

MFT #9 3.40 63.59 33.25 100.24 

MFT #10 3.62 63.67 32.69 99.98 

MFT #11 3.67 63.41 33.10 100.18 

MFT #12 3.60 63.18 32.59 99.37 

MFT #13 3.31 63.60 33.29 100.20 

MFT #14 3.40 63.66 33.26 100.32 

MFT #15 3.48 63.49 33.20 100.17 

MFT #16 3.49 63.59 33.23 100.31 

MFT #17 3.69 63.27 32.63 99.59 

MFT #18 3.69 63.44 32.62 99.75 

MFT #19 3.62 63.73 32.50 99.85 

MFT #20 3.58 63.42 33.19 100.19 

MFT #21 3.46 63.46 33.24 100.16 

MFT #22 3.51 63.42 33.19 100.12 

MFT #23 3.38 63.46 33.17 100.01 

MFT #24 3.52 63.60 33.10 100.22 

Average (n = 23) (wt.%) 3.49 63.49 33.07 100.06 

Standard Deviation (wt.%) 0.11 0.14 0.25 0.22 

Standard Deviation (%) 3.25 0.21 0.75 0.22 
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Table 8-2 Dean-Stark analysis of randomly selected samples from homogenized OS material (FMWG-
00b) for Pilot Round. 

Sample # Bitumen Water Solids Recovery 

OS #1 5.38 8.30 86.58 100.27 

OS #2 5.45 8.19 86.53 100.17 

OS #3 5.40 7.77 86.59 99.76 

OS #4 5.45 8.05 86.55 100.05 

OS #5 5.45 8.16 86.53 100.13 

OS #6 5.39 7.98 86.67 100.04 

OS #7 5.40 8.12 86.70 100.23 

OS #8 5.40 8.13 86.60 100.13 

OS #9 5.42 8.10 86.64 100.17 

OS #10 5.24 8.11 86.64 99.99 

OS #11 5.39 8.06 86.62 100.06 

OS #12 5.38 7.82 86.86 100.06 

OS #13 5.32 8.09 86.79 100.19 

OS #14 5.31 8.02 86.52 99.86 

OS #15 5.38 7.91 86.78 100.07 

Average (n = 15) (wt.%) 5.38 8.05 86.64 100.08 

Standard deviation (wt.%)  0.05 0.13 0.10 0.13 

Standard deviation (%) 1.01 1.65 0.11 0.13 
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Table 8-3 Summary data for Pilot Round MFT (FMWG-00a) samples pre-cleaned by Dean-Stark 
extraction 

Sample ID 
Mass Balance 

(wt.%) 
Bitumen 
(wt.%) 

Water 
(wt.%) 

Solids 
(wt.%) 

Bitumen 
(g) 

Water 
(g) 

Solids 
(g) 

Sample 
(g) 

P-MFT-018 99.11 3.20 62.43 33.48 4.48 87.4 46.90 140.06 

P-MFT-022 99.24 3.32 62.56 33.35 5.02 94.6 50.43 151.18 

P-MFT-026 99.18 3.18 62.56 33.44 4.76 93.7 50.11 149.85 

P-MFT-028 99.35 3.29 62.62 33.44 4.55 86.6 46.27 138.36 

P-MFT-040 99.13 3.42 62.46 33.24 4.52 82.4 43.85 131.91 

P-MFT-048 99.45 3.16 62.81 33.47 4.93 97.7 52.09 155.62 

P-MFT-049 99.28 3.25 62.63 33.40 4.74 91.3 48.71 145.82 

P-MFT-050 99.06 3.20 62.43 33.43 4.74 92.4 49.49 148.08 

P-MFT-051 99.66 3.48 63.12 33.05 4.70 85.2 44.60 134.94 

P-MFT-055 99.41 3.35 62.65 33.41 4.98 93.0 49.59 148.43 

P-MFT-073 99.58 3.37 63.16 33.04 4.80 89.9 47.05 142.39 

P-MFT-076 99.63 3.41 63.17 33.04 5.07 93.8 49.03 148.40 

P-MFT-088 99.20 3.35 62.54 33.31 4.89 91.2 48.56 145.80 

P-MFT-090 99.62 3.09 63.11 33.42 4.37 89.2 47.21 141.27 

P-MFT-093 99.52 3.45 63.09 32.98 5.53 101.2 52.88 160.36 

P-MFT-094 99.19 3.18 62.50 33.51 4.44 87.4 46.86 139.82 

P-MFT-097 99.08 3.34 62.40 33.34 4.81 89.8 47.99 143.95 

P-MFT-103 99.02 3.11 62.54 33.37 4.45 89.5 47.74 143.09 

P-MFT-105 99.26 3.22 62.63 33.42 4.80 93.4 49.86 149.20 

P-MFT-106 99.31 3.17 62.87 33.27 4.65 92.2 48.82 146.72 

P-MFT-107 99.09 3.19 62.48 33.43 4.56 89.4 47.86 143.15 

P-MFT-116 99.50 3.19 62.90 33.40 4.30 84.6 44.95 134.55 

P-MFT-117 99.22 3.22 62.61 33.39 4.82 93.8 50.00 149.74 

P-MFT-126 99.50 3.17 62.92 33.41 4.57 90.8 48.18 144.23 

P-MFT-129 99.40 3.21 62.79 33.40 4.54 88.8 47.24 141.45 

P-MFT-132 99.51 3.33 63.03 33.15 4.95 93.8 49.33 148.80 

P-MFT-134 99.26 3.34 62.37 33.56 4.28 79.8 42.94 127.95 

P-MFT-137 99.43 3.33 62.66 33.44 4.81 90.5 48.28 144.39 

P-MFT-143 99.34 3.49 62.47 33.38 4.72 84.4 45.07 135.03 

P-MFT-146 99.61 3.33 62.40 33.88 5.09 95.3 51.74 152.69 

P-MFT-149 99.49 3.37 62.59 33.52 5.04 93.5 50.07 149.38 

P-MFT-150 99.43 3.27 62.94 33.21 4.90 94.2 49.72 149.70 

P-MFT-152 99.76 3.47 63.25 33.04 5.15 93.9 49.06 148.47 

P-MFT-156 99.01 3.16 62.43 33.42 4.91 97.1 51.97 155.50 
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Table 8-4 Summary data for pre-cleaned Pilot Round OS samples (FMWG-00b) 

Sample ID 
Mass Balance 

(wt.%) 
Bitumen 
(wt.%) 

Water 
(wt.%) 

Solids 
(wt.%) 

Bitumen 
(g) 

Water 
(g) 

Solids 
(g) 

Sample 
(g) 

P-OS-003 100.27 5.14 7.53 87.60 5.05 7.4 86.06 98.24 

P-OS-012 100.08 5.26 6.96 87.85 5.22 6.9 87.06 99.10 

P-OS-013 100.11 5.25 7.24 87.63 5.23 7.2 87.18 99.49 

P-OS-018 100.00 5.15 7.14 87.71 5.13 7.1 87.26 99.48 

P-OS-021 99.71 5.09 7.16 87.46 5.04 7.1 86.68 99.11 

P-OS-026 100.26 5.27 7.44 87.55 5.24 7.4 87.03 99.41 

P-OS-033 100.04 5.20 7.23 87.61 5.04 7.0 84.81 96.81 

P-OS-044 100.04 5.19 7.36 87.49 5.01 7.1 84.40 96.47 

P-OS-047 99.88 5.12 7.09 87.66 5.06 7.0 86.52 98.70 

P-OS-049 99.78 5.15 7.17 87.46 5.17 7.2 87.81 100.40 

P-OS-052 99.65 5.26 7.05 87.34 5.17 6.9 85.79 98.23 

P-OS-054 100.00 5.15 7.25 87.60 4.97 7.0 84.54 96.51 

P-OS-058 99.89 5.16 7.02 87.71 5.01 6.8 85.01 96.92 

P-OS-065 99.58 5.25 6.85 87.48 5.18 6.8 86.40 98.77 

P-OS-072 99.84 5.28 6.87 87.69 5.08 6.6 84.29 96.13 

P-OS-074 99.87 5.20 7.17 87.49 5.08 7.0 85.36 97.57 

P-OS-077 100.16 5.25 7.46 87.45 5.21 7.4 86.76 99.22 

P-OS-085 100.15 5.29 7.16 87.71 5.18 7.0 85.80 97.83 

P-OS-086 99.90 5.28 7.13 87.48 5.18 7.0 85.85 98.13 

P-OS-091 99.85 5.28 7.07 87.50 5.23 7.0 86.62 98.99 

P-OS-094 100.05 5.26 6.79 88.00 5.12 6.6 85.55 97.21 

P-OS-095 99.68 5.23 7.14 87.31 5.22 7.1 87.15 99.82 

P-OS-098 99.98 5.28 7.17 87.53 5.16 7.0 85.49 97.68 

P-OS-103 100.21 5.18 7.47 87.55 5.14 7.4 86.74 99.07 

P-OS-116 99.87 5.25 7.15 87.48 5.14 7.0 85.63 97.89 

P-OS-120 99.71 5.26 6.66 87.79 5.20 6.6 86.78 98.85 

P-OS-084 99.42 5.33 6.43 87.65 5.20 6.3 85.47 97.51 

P-OS-123 99.75 5.28 6.80 87.67 5.25 6.8 87.21 99.47 

P-OS-125 99.56 5.25 6.38 87.94 5.22 6.3 87.46 99.45 

P-OS-135 100.20 5.24 7.48 87.48 5.19 7.4 86.56 98.94 

P-OS-151 99.78 5.29 6.88 87.61 5.18 6.7 85.89 98.04 

P-OS-155 99.84 5.28 7.00 87.57 5.25 7.0 87.12 99.49 

P-OS-158 100.22 5.24 7.32 87.65 5.30 7.4 88.57 101.04 

P-OS-160 99.77 5.29 6.78 87.70 5.20 6.7 86.25 98.35 
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9.0  APPENDIX 3 :  DATA ENTRY TEAMPLA TES 

Table 9-1 Data entry form for Pilot Round 

 

 

  

Report Date (mm/dd/yyyy)

Laboratory ID

Testing start date (mm/dd/yyyy)

Testing end date (mm/dd/yyyy)

Equipment Details

Riffler Model

LD recirculator volume (mL)

LD recirculation rate (mL/min)

Third Party Dean Stark

Hammermill or Grinder

Sieves:

Used calibrated sieves? Fill in data field

Calibration checked? Dropdown data field

Path Disaggregation Subsampling Dispersion Measurement

Total Solids  < 2,000 microns  < 44 microns 1 Hammer mill/Grinder static riffle Boiling Laser diffraction

2 Hammer mill/Grinder spin riffle Boiling Laser diffraction

3 Hammer mill/Grinder static riffle Boiling Wet Sieve

4 Hammer mill/Grinder spin riffle Boiling Wet Sieve

5 Mortar & pestle static riffle Boiling Laser diffraction

6 Mortar & pestle spin riffle Boiling Laser diffraction

7 Mortar & pestle static riffle Boiling Wet Sieve

8 Mortar & pestle spin riffle Boiling Wet Sieve

9 Hammer mill/Grinder static riffle Sonication Laser diffraction

10 Hammer mill/Grinder spin riffle Sonication Laser diffraction

11 Hammer mill/Grinder static riffle Sonication Wet Sieve

12 Hammer mill/Grinder spin riffle Sonication Wet Sieve

13 Mortar & pestle static riffle Sonication Laser diffraction

14 Mortar & pestle spin riffle Sonication Laser diffraction

15 Mortar & pestle static riffle Sonication Wet Sieve

16 Mortar & pestle spin riffle Sonication Wet Sieve

Comments (deviations, special events & observations, concerns)

COSIA Interlaboratory Study (ILS) - Fines Measurement

Mass % Solids (Do not enter % symbol)

Sample Cleaning Method Path

Pilot Round

Sample ID Sample Type

The reporting template is MSExcel 2010, version 14. Your reporting template should be returned to the ILS coordinator via email 
(fmils@albertainnovates.ca) in MSExcel format (.xlsx or .xls formats only). You should not add any new column or rows as this 
would interfere with the data consolidation process.

Make note of any special events that arise during testing in the comments section of the reporting template. Notify the program 
coordinator immediately if a significant issue arises that will prevent completion of the testing.

Note: As required in your contract with COSIA, all data on the measurements should be sent to the ILS coordinator. This data can 
be in free-form and should be submitted in a separate file from the ILS reporting template. The only laboratory identifying 
information should be your assigned ILS lab designation.
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Table 9-2 Data entry form for Round 1 

 

 
 
 

Report Date (mm/dd/yy)

Laboratory ID

Testing start date (mm/dd/yy)

Testing end date (mm/dd/yy)

Equipment Details

Riffler Model

LD recirculator volume (mL)

LD recirculation rate (mL/min)

Third Party Dean Stark

Hammermill or Grinder

Sieves:

Used calibrated sieves? Fill in data field

Calibration checked? Dropdown data field

Path Disaggregation Subsampling Dispersion Measurement

Total Solids  < 2,000 microns  < 44 microns 1 Hammer mill/Grinder static riffle Boiling Laser diffraction

2 Hammer mill/Grinder spin riffle Boiling Laser diffraction

3 Hammer mill/Grinder static riffle Boiling Wet Sieve

4 Hammer mill/Grinder spin riffle Boiling Wet Sieve

5 Mortar & pestle static riffle Boiling Laser diffraction

6 Mortar & pestle spin riffle Boiling Laser diffraction

7 Mortar & pestle static riffle Boiling Wet Sieve

8 Mortar & pestle spin riffle Boiling Wet Sieve

9 Hammer mill/Grinder static riffle Sonication Laser diffraction

10 Hammer mill/Grinder spin riffle Sonication Laser diffraction

11 Hammer mill/Grinder static riffle Sonication Wet Sieve

12 Hammer mill/Grinder spin riffle Sonication Wet Sieve

13 Mortar & pestle static riffle Sonication Laser diffraction

14 Mortar & pestle spin riffle Sonication Laser diffraction

15 Mortar & pestle static riffle Sonication Wet Sieve

16 Mortar & pestle spin riffle Sonication Wet Sieve

Comments (deviations, special events & observations, concerns)

COSIA Interlaboratory Study (ILS) - Fines Measurement

Mass % Solids (Do not enter % symbol)

Sample Cleaning Method Path

Round 1

Sample ID Sample Type

READ ME FIRST
The reporting template is MSExcel 2010, version 14. Your reporting template should be returned to the ILS coordinator via email 
(fmils@albertainnovates.ca) in MSExcel format (.xlsx or .xls formats only). Do not add any new column or alter template in any way except for 
entering your data.

Make note of any special events that arise during testing in the comments section . Notify the program coordinator immediately if a significant 
issue arises that will prevent completion of the testing.

Note: As required in your contract with COSIA, all data on the measurements should be sent to the ILS coordinator. This data can be in free-form 
and should be submitted in a separate file from the ILS reporting template. The only laboratory identifying information should be your assigned 
ILS lab designation.



 

 
Precision of Particle Size Measurements [88]  
June 2017 

 
Table 9-3 Data entry form for Round 2 

 

Report Date (mm/dd/yy)

Laboratory ID

Testing start date (mm/dd/yy)

Testing end date (mm/dd/yy)

Equipment Details

Third Party Dean Stark

Riffler Model

# of riffler passes

LD recirculator volume (mL)

LD recirculation rate (mL/min)

Sieves:

Used calibrated sieves? Fill in data field

Calibration checked? Dropdown data field

Path Dispersion Measurement

Total Solids  < 2,000 microns  < 44 microns A Boiling Laser

B Sonic Laser

C Boiling Sieve

D Sonic Sieve

Comments (deviations, special events & observations, concerns)

COSIA Interlaboratory Study (ILS) - Fines Measurement

Mass % Solids (Do not enter % symbol)

Sample Cleaning Method Path

Round 2

Sample ID Sample Type

READ ME FIRST
The reporting template is MSExcel 2010, version 14. Your reporting template should be returned to the ILS coordinator via email 
(fmils@albertainnovates.ca) in MSExcel format (.xlsx or .xls formats only). Do not add any new column or alter template in any way except for 
entering your data.

Make note of any special events that arise during testing in the comments section . Notify the program coordinator immediately if a significant 
issue arises that will prevent completion of the testing.

Note: As required in your contract with COSIA, all data on the measurements should be sent to the ILS coordinator. This data can be in free-form 
and should be submitted in a separate file from the ILS reporting template. The only laboratory identifying information should be your assigned 
ILS lab designation.
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10.0  APPENDIX 4 :  ROUND 1 SAMPLE HOMOGENEITY 

Table 10-1 Summary data for pre-cleaned ILS Round 1 tailings samples. 

SAMPLE ID COSIA ID 
Mass% 

Bitumen Water Solids Total 

R1-MFT-017 FMWG-001 0.39 31.51 68.05 99.95 

R1-MFT-031 FMWG-001 0.26 31.43 68.21 99.90 

R1-MFT-042 FMWG-001 0.24 31.53 68.39 100.17 

R1-MFT-063 FMWG-001 0.23 31.43 68.20 99.86 

R1-MFT-065 FMWG-001 0.15 31.01 68.78 99.93 

R1-MFT-079 FMWG-001 0.23 31.26 68.45 99.94 

R1-MFT-087 FMWG-001 0.28 31.10 68.46 99.85 

R1-MFT-090 FMWG-001 0.18 31.81 67.88 99.87 

R1-MFT-100 FMWG-001 0.14 31.13 68.59 99.86 

R1-MFT-109 FMWG-001 0.21 31.32 68.31 99.84 

R1-MFT-113 FMWG-001 0.27 31.54 68.09 99.90 

R1-MFT-117 FMWG-001 0.28 31.48 68.24 100.00 

R1-MFT-126 FMWG-001 0.35 30.58 69.39 100.31 

R1-MFT-134 FMWG-001 0.23 30.91 68.97 100.11 

R1-MFT-148 FMWG-001 0.25 32.64 67.07 99.96 

R1-MFT-149 FMWG-001 0.20 31.31 68.38 99.89 

R1-MFT-159 FMWG-001 0.28 30.76 68.74 99.78 

R1-MFT-163 FMWG-001 0.21 30.47 69.22 99.90 

R1-MFT-166 FMWG-001 0.33 31.25 68.44 100.01 

R1-MFT-170 FMWG-001 0.33 31.73 67.79 99.85 

R1-MFT-177 FMWG-001 0.28 31.10 68.49 99.86 

R1-MFT-179 FMWG-001 0.31 31.63 67.86 99.80 

R1-MFT-208 FMWG-001 0.27 31.73 67.91 99.91 

R1-MFT-216 FMWG-001 0.28 30.64 69.12 100.04 

R1-MFT-220 FMWG-001 0.27 31.01 68.61 99.90 

R1-MFT-224 FMWG-001 0.32 31.45 68.33 100.10 

R1-MFT-239 FMWG-001 0.26 31.25 68.53 100.04 

R1-MFT-247 FMWG-001 0.26 31.15 68.75 100.17 

R1-MFT-248 FMWG-001 0.18 31.14 68.82 100.15 

R1-MFT-263 FMWG-001 0.20 31.68 68.05 99.92 

R1-MFT-309 FMWG-001 0.16 30.70 69.12 99.98 

R1-MFT-319 FMWG-001 0.35 31.47 68.21 100.04 

R1-MFT-357 FMWG-001 0.39 24.37 75.45 100.20 

R1-MFT-370 FMWG-001 0.20 30.77 68.85 99.82 

R1-MFT-386 FMWG-001 0.25 30.83 68.98 100.07 

R1-MFT-407 FMWG-001 0.23 32.02 67.83 100.08 

R1-MFT-415 FMWG-001 0.25 30.67 69.16 100.08 

R1-MFT-416 FMWG-001 0.28 31.45 68.29 100.02 

R1-MFT-428 FMWG-001 0.26 31.58 68.20 100.04 



 

 
Precision of Particle Size Measurements [90] 
June 2017 

R1-MFT-005 FMWG-002 1.99 62.33 35.68 100.00 

R1-MFT-010 FMWG-002 1.76 64.73 33.44 99.93 

R1-MFT-029 FMWG-002 2.06 61.48 36.87 100.42 

R1-MFT-044 FMWG-002 1.76 61.47 36.81 100.04 

R1-MFT-047 FMWG-002 1.67 61.54 36.93 100.13 

R1-MFT-054 FMWG-002 1.84 64.90 33.69 100.44 

R1-MFT-055 FMWG-002 1.99 64.69 33.88 100.56 

R1-MFT-068 FMWG-002 1.79 64.37 34.28 100.44 

R1-MFT-069 FMWG-002 1.73 64.78 33.94 100.45 

R1-MFT-077 FMWG-002 1.71 62.12 36.66 100.48 

R1-MFT-084 FMWG-002 1.85 64.92 33.75 100.52 

R1-MFT-094 FMWG-002 1.94 63.95 34.79 100.68 

R1-MFT-105 FMWG-002 1.76 64.81 34.02 100.59 

R1-MFT-112 FMWG-002 1.73 64.93 33.93 100.59 

R1-MFT-120 FMWG-002 2.09 60.51 38.10 100.70 

R1-MFT-147 FMWG-002 1.82 61.80 36.79 100.42 

R1-MFT-162 FMWG-002 2.05 61.72 36.67 100.43 

R1-MFT-180 FMWG-002 2.07 61.07 37.56 100.70 

R1-MFT-182 FMWG-002 2.05 61.68 36.69 100.43 

R1-MFT-214 FMWG-002 1.89 65.01 33.56 100.46 

R1-MFT-235 FMWG-002 2.04 60.74 37.47 100.25 

R1-MFT-238 FMWG-002 2.09 60.46 37.99 100.54 

R1-MFT-245 FMWG-002 1.90 64.82 33.63 100.35 

R1-MFT-267 FMWG-002 1.61 64.48 33.81 99.89 

R1-MFT-271 FMWG-002 1.67 64.97 33.83 100.47 

R1-MFT-292 FMWG-002 2.17 60.08 37.99 100.24 

R1-MFT-307 FMWG-002 1.80 64.96 33.44 100.20 

R1-MFT-312 FMWG-002 1.91 65.31 33.29 100.52 

R1-MFT-322 FMWG-002 2.10 61.15 37.21 100.46 

R1-MFT-337 FMWG-002 2.08 61.33 36.67 100.08 

R1-MFT-339 FMWG-002 1.94 61.52 36.82 100.28 

R1-MFT-343 FMWG-002 2.09 61.93 36.45 100.47 

R1-MFT-347 FMWG-002 1.94 61.13 36.78 99.85 

R1-MFT-366 FMWG-002 1.84 64.66 33.95 100.45 

R1-MFT-369 FMWG-002 1.74 65.51 33.38 100.64 

R1-MFT-384 FMWG-002 1.76 61.89 36.54 100.19 

R1-MFT-390 FMWG-002 1.82 61.61 36.85 100.28 

R1-MFT-411 FMWG-002 1.80 64.98 33.56 100.33 

R1-MFT-417 FMWG-002 1.77 63.54 35.16 100.47 

R1-MFT-007 FMWG-003 3.91 60.03 34.17 98.11 

R1-MFT-021 FMWG-003 4.26 60.05 32.71 97.02 

R1-MFT-048 FMWG-003 3.72 62.85 33.71 100.28 

R1-MFT-058 FMWG-003 3.54 61.60 32.17 97.32 

R1-MFT-061 FMWG-003 4.22 60.20 33.03 97.45 

R1-MFT-062 FMWG-003 4.39 59.53 37.06 100.98 
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R1-MFT-074 FMWG-003 3.84 60.83 33.13 97.80 

R1-MFT-075 FMWG-003 4.25 60.87 33.35 98.47 

R1-MFT-085 FMWG-003 3.75 61.57 34.38 99.69 

R1-MFT-095 FMWG-003 3.01 61.82 34.13 98.97 

R1-MFT-103 FMWG-003 4.71 59.42 35.53 99.66 

R1-MFT-128 FMWG-003 4.26 59.66 35.59 99.50 

R1-MFT-152 FMWG-003 3.54 61.18 32.09 96.80 

R1-MFT-154 FMWG-003 4.00 60.69 35.93 100.62 

R1-MFT-169 FMWG-003 4.10 60.21 37.68 101.99 

R1-MFT-188 FMWG-003 4.36 60.21 35.59 100.15 

R1-MFT-194 FMWG-003 4.01 60.82 34.47 99.30 

R1-MFT-204 FMWG-003 4.28 60.01 36.99 101.28 

R1-MFT-206 FMWG-003 3.89 60.56 36.72 101.17 

R1-MFT-207 FMWG-003 3.63 61.46 34.25 99.34 

R1-MFT-209 FMWG-003 4.03 60.78 35.95 100.76 

R1-MFT-217 FMWG-003 4.08 61.03 35.87 100.97 

R1-MFT-222 FMWG-003 4.20 60.43 34.63 99.26 

R1-MFT-236 FMWG-003 3.80 61.17 33.31 98.28 

R1-MFT-246 FMWG-003 4.05 60.76 34.32 99.13 

R1-MFT-262 FMWG-003 4.27 60.26 35.51 100.04 

R1-MFT-268 FMWG-003 4.25 59.55 35.07 98.87 

R1-MFT-273 FMWG-003 4.23 60.92 35.45 100.60 

R1-MFT-274 FMWG-003 4.06 60.72 34.62 99.40 

R1-MFT-278 FMWG-003 3.64 61.43 34.40 99.48 

R1-MFT-280 FMWG-003 4.00 61.71 34.57 100.28 

R1-MFT-293 FMWG-003 4.45 60.34 35.40 100.19 

R1-MFT-301 FMWG-003 4.13 60.85 34.45 99.43 

R1-MFT-326 FMWG-003 4.34 60.52 33.63 98.50 

R1-MFT-330 FMWG-003 4.04 61.07 33.79 98.90 

R1-MFT-362 FMWG-003 3.69 60.82 33.88 98.39 

R1-MFT-365 FMWG-003 4.10 60.70 36.04 100.84 

R1-MFT-374 FMWG-003 3.70 61.84 34.62 100.16 

R1-MFT-399 FMWG-003 4.06 61.34 35.04 100.44 

R1-MFT-406 FMWG-003 3.75 61.23 34.15 99.14 

R1-MFT-423 FMWG-003 4.32 60.14 35.59 100.05 

R1-MFT-426 FMWG-003 3.71 61.36 34.14 99.22 

R1-MFT-443 FMWG-003 3.70 61.77 34.53 100.00 

R1-MFT-445 FMWG-003 4.33 60.49 35.34 100.16 
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Table 10-2 Summary data for pre-cleaned ILS Round 1 oil sands samples. 

SAMPLE ID COSIA ID 
Mass% 

Bitumen Water Solids Total 

R1-OS-005 FMWG-004 6.12 5.49 88.19 99.80 

R1-OS-021 FMWG-004 5.92 5.28 88.56 99.76 

R1-OS-058 FMWG-004 6.14 5.11 88.49 99.75 

R1-OS-074 FMWG-004 6.02 5.61 88.47 100.10 

R1-OS-079 FMWG-004 6.20 5.54 88.29 100.02 

R1-OS-082 FMWG-004 6.02 5.57 88.26 99.85 

R1-OS-090 FMWG-004 6.15 5.74 88.00 99.89 

R1-OS-092 FMWG-004 6.17 5.68 88.00 99.85 

R1-OS-097 FMWG-004 5.98 5.86 88.09 99.92 

R1-OS-109 FMWG-004 6.19 5.81 88.00 100.00 

R1-OS-136 FMWG-004 6.29 5.21 88.40 99.90 

R1-OS-142 FMWG-004 6.19 5.52 88.05 99.76 

R1-OS-152 FMWG-004 6.39 5.57 87.90 99.86 

R1-OS-158 FMWG-004 5.98 6.08 88.02 100.08 

R1-OS-162 FMWG-004 6.09 5.39 88.43 99.90 

R1-OS-231 FMWG-004 6.26 5.02 88.54 99.82 

R1-OS-244 FMWG-004 6.16 5.50 88.33 100.00 

R1-OS-245 FMWG-004 5.90 4.97 88.94 99.82 

R1-OS-252 FMWG-004 6.08 5.77 88.28 100.13 

R1-OS-261 FMWG-004 6.23 4.80 88.91 99.94 

R1-OS-274 FMWG-004 6.28 5.36 88.20 99.83 

R1-OS-370 FMWG-004 6.27 5.81 88.05 100.13 

R1-OS-398 FMWG-004 6.19 5.51 88.02 99.72 

R1-OS-432 FMWG-004 5.97 5.70 88.24 99.90 

R1-OS-433 FMWG-004 6.16 5.80 87.92 99.89 

R1-OS-443 FMWG-004 6.23 5.29 88.57 100.09 

R1-OS-463 FMWG-004 6.04 5.65 88.04 99.73 

R1-OS-514 FMWG-004 6.00 5.31 88.53 99.85 

R1-OS-516 FMWG-004 6.04 5.68 88.35 100.07 

R1-OS-520 FMWG-004 6.26 5.09 88.30 99.65 

R1-OS-065 FMWG-005 9.08 5.19 85.42 99.69 

R1-OS-066 FMWG-005 9.39 5.88 84.84 100.11 

R1-OS-070 FMWG-005 9.33 6.25 84.57 100.15 

R1-OS-085 FMWG-005 9.69 5.39 84.90 99.98 

R1-OS-120 FMWG-005 9.44 6.11 84.63 100.18 

R1-OS-140 FMWG-005 9.45 5.62 84.77 99.84 

R1-OS-151 FMWG-005 9.44 6.05 84.73 100.22 

R1-OS-169 FMWG-005 9.49 5.98 84.69 100.16 

R1-OS-195 FMWG-005 9.43 5.61 85.11 100.15 

R1-OS-198 FMWG-005 9.68 5.56 84.93 100.17 

R1-OS-211 FMWG-005 9.43 5.84 84.97 100.24 
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R1-OS-234 FMWG-005 9.52 5.44 84.54 99.51 

R1-OS-259 FMWG-005 9.40 5.97 84.14 99.52 

R1-OS-264 FMWG-005 9.35 5.80 85.03 100.19 

R1-OS-305 FMWG-005 9.37 5.39 85.19 99.95 

R1-OS-306 FMWG-005 9.44 5.96 84.83 100.23 

R1-OS-309 FMWG-005 9.51 5.75 84.91 100.17 

R1-OS-347 FMWG-005 9.30 6.25 84.63 100.18 

R1-OS-369 FMWG-005 9.37 5.85 84.95 100.17 

R1-OS-381 FMWG-005 9.12 5.97 85.10 100.19 

R1-OS-440 FMWG-005 9.30 6.02 84.83 100.15 

R1-OS-456 FMWG-005 9.45 5.83 84.95 100.22 

R1-OS-474 FMWG-005 9.29 5.78 84.83 99.90 

R1-OS-500 FMWG-005 9.45 5.62 85.12 100.18 

R1-OS-502 FMWG-005 9.30 5.92 85.03 100.25 

R1-OS-512 FMWG-005 8.82 6.39 84.48 99.69 

R1-OS-549 FMWG-005 9.18 6.13 84.91 100.22 

R1-OS-580 FMWG-005 9.22 6.04 84.94 100.19 

R1-OS-589 FMWG-005 9.43 5.38 85.37 100.18 

R1-OS-594 FMWG-005 9.35 6.00 84.88 100.23 

R1-OS-017 FMWG-006 7.95 5.96 86.30 100.21 

R1-OS-027 FMWG-006 7.72 6.11 86.40 100.24 

R1-OS-077 FMWG-006 7.75 6.23 86.18 100.17 

R1-OS-078 FMWG-006 7.80 5.98 86.40 100.18 

R1-OS-096 FMWG-006 7.80 6.14 86.26 100.20 

R1-OS-105 FMWG-006 7.62 6.13 86.43 100.18 

R1-OS-132 FMWG-006 7.77 6.22 86.24 100.23 

R1-OS-137 FMWG-006 7.78 6.02 86.42 100.22 

R1-OS-148 FMWG-006 7.93 6.13 86.16 100.22 

R1-OS-185 FMWG-006 7.86 6.16 86.19 100.22 

R1-OS-191 FMWG-006 7.81 6.09 86.29 100.20 

R1-OS-205 FMWG-006 7.84 6.11 86.22 100.17 

R1-OS-215 FMWG-006 7.86 6.34 86.04 100.24 

R1-OS-226 FMWG-006 7.84 5.99 86.36 100.19 

R1-OS-265 FMWG-006 7.96 5.99 86.28 100.23 

R1-OS-323 FMWG-006 7.83 6.09 86.31 100.23 

R1-OS-326 FMWG-006 7.88 6.16 86.17 100.21 

R1-OS-355 FMWG-006 7.79 6.27 86.19 100.25 

R1-OS-368 FMWG-006 7.87 6.28 86.07 100.22 

R1-OS-420 FMWG-006 7.95 5.89 86.40 100.24 

R1-OS-425 FMWG-006 7.93 6.12 86.15 100.19 

R1-OS-437 FMWG-006 7.82 6.03 86.17 100.02 

R1-OS-465 FMWG-006 8.12 5.82 86.23 100.17 

R1-OS-472 FMWG-006 7.91 6.19 86.08 100.18 

R1-OS-482 FMWG-006 7.90 5.94 86.41 100.24 

R1-OS-517 FMWG-006 7.92 6.15 86.10 100.17 
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R1-OS-533 FMWG-006 7.90 5.98 86.27 100.16 

R1-OS-539 FMWG-006 7.88 6.02 86.31 100.21 

R1-OS-559 FMWG-006 8.08 5.96 86.09 100.13 

R1-OS-598 FMWG-006 7.93 6.24 86.06 100.23 

R1-OS-022 FMWG-007 1.15 8.38 90.65 100.18 

R1-OS-032 FMWG-007 1.22 8.74 90.22 100.18 

R1-OS-042 FMWG-007 1.30 8.56 90.44 100.31 

R1-OS-053 FMWG-007 1.14 8.73 90.31 100.18 

R1-OS-114 FMWG-007 1.34 8.42 90.51 100.27 

R1-OS-153 FMWG-007 1.46 8.21 90.61 100.28 

R1-OS-175 FMWG-007 1.26 8.71 90.14 100.12 

R1-OS-196 FMWG-007 1.37 8.53 90.38 100.28 

R1-OS-202 FMWG-007 1.27 8.79 90.26 100.32 

R1-OS-204 FMWG-007 1.34 8.50 90.45 100.29 

R1-OS-219 FMWG-007 1.46 8.43 90.29 100.18 

R1-OS-236 FMWG-007 1.21 8.93 90.00 100.14 

R1-OS-250 FMWG-007 1.30 8.45 90.62 100.37 

R1-OS-263 FMWG-007 1.34 8.66 90.33 100.32 

R1-OS-266 FMWG-007 1.22 8.71 90.34 100.28 

R1-OS-267 FMWG-007 1.30 8.55 90.39 100.24 

R1-OS-273 FMWG-007 1.28 8.68 90.19 100.14 

R1-OS-282 FMWG-007 1.23 8.43 90.51 100.18 

R1-OS-300 FMWG-007 1.21 8.65 90.41 100.26 

R1-OS-396 FMWG-007 1.27 8.59 90.40 100.26 

R1-OS-428 FMWG-007 1.27 8.45 90.53 100.24 

R1-OS-439 FMWG-007 1.16 8.62 90.40 100.18 

R1-OS-475 FMWG-007 1.39 8.54 90.27 100.21 

R1-OS-498 FMWG-007 1.33 8.45 90.41 100.19 

R1-OS-501 FMWG-007 1.16 8.76 90.28 100.20 

R1-OS-505 FMWG-007 1.39 8.38 90.47 100.24 

R1-OS-513 FMWG-007 1.18 8.67 90.37 100.22 

R1-OS-548 FMWG-007 1.27 8.58 90.39 100.24 

R1-OS-575 FMWG-007 1.14 8.73 90.44 100.31 

R1-OS-595 FMWG-007 1.60 8.49 90.21 100.31 
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11.0  APPENDIX 5 :  ROUND 2 SAMPLE HOMODENEITY 

 

Table 11-1  Summary data for pre-cleaned ILS Round 2 tailings samples. 

Sample ID COSIA ID 
Mass% 

Bitumen Water Solids Total 

R2-MFT-004 FMWG-001 0.00 21.86 78.50 100.36 

R2-MFT-005 FMWG-001 0.30 1.53 99.67 101.50 

R2-MFT-011 FMWG-001 0.28 25.54 73.89 99.70 

R2-MFT-014 FMWG-001 0.28 29.66 70.15 100.09 

R2-MFT-023 FMWG-001 0.25 27.95 72.86 101.06 

R2-MFT-030 FMWG-001 0.30 21.96 78.89 101.15 

R2-MFT-038 FMWG-001 0.27 22.23 77.89 100.39 

R2-MFT-060 FMWG-001 0.25 30.90 69.48 100.63 

R2-MFT-078 FMWG-001 0.23 28.55 71.23 100.02 

R2-MFT-086 FMWG-001 0.23 29.93 70.53 100.70 

R2-MFT-091 FMWG-001 0.23 26.35 73.95 100.53 

R2-MFT-098 FMWG-001 0.25 30.14 70.13 100.52 

R2-MFT-127 FMWG-001 0.25 27.59 72.69 100.53 

R2-MFT-135 FMWG-001 0.24 27.15 73.61 101.00 

R2-MFT-176 FMWG-001 0.24 28.32 70.58 99.14 

R2-MFT-179 FMWG-001 0.19 26.06 73.50 99.75 

R2-MFT-191 FMWG-001 0.23 26.32 73.51 100.07 

R2-MFT-223 FMWG-001 0.26 23.38 76.11 99.74 

R2-MFT-232 FMWG-001 0.27 21.83 77.38 99.47 

R2-MFT-287 FMWG-001 0.27 25.78 72.47 98.52 

R2-MFT-290 FMWG-001 0.25 26.74 72.66 99.65 

R2-MFT-310 FMWG-001 0.24 28.73 71.31 100.28 

R2-MFT-322 FMWG-001 0.27 22.33 76.76 99.36 

R2-MFT-330 FMWG-001 0.21 25.68 71.86 97.76 

R2-MFT-349 FMWG-001 0.24 28.00 71.64 99.88 

R2-MFT-373 FMWG-001 0.32 15.93 83.43 99.68 

R2-MFT-387 FMWG-001 0.23 25.23 74.30 99.76 

R2-MFT-044 FMWG-008 1.09 66.71 32.35 100.16 

R2-MFT-050 FMWG-008 1.06 67.18 32.36 100.61 

R2-MFT-056 FMWG-008 0.97 66.44 32.81 100.22 

R2-MFT-066 FMWG-008 1.14 65.94 32.75 99.82 

R2-MFT-085 FMWG-008 1.11 66.78 32.52 100.41 

R2-MFT-090 FMWG-008 1.15 67.09 32.24 100.49 

R2-MFT-155 FMWG-008 1.13 66.26 32.58 99.97 

R2-MFT-156 FMWG-008 1.21 65.02 33.20 99.43 

R2-MFT-171 FMWG-008 1.12 66.16 32.40 99.68 
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R2-MFT-193 FMWG-008 1.18 65.60 32.51 99.29 

R2-MFT-213 FMWG-008 1.19 65.89 32.34 99.42 

R2-MFT-226 FMWG-008 0.36 64.97 33.30 98.63 

R2-MFT-227 FMWG-008 1.12 64.75 33.66 99.53 

R2-MFT-241 FMWG-008 1.18 65.46 32.86 99.50 

R2-MFT-243 FMWG-008 1.20 64.95 33.30 99.44 

R2-MFT-244 FMWG-008 1.15 65.76 32.44 99.35 

R2-MFT-246 FMWG-008 1.17 65.57 32.75 99.49 

R2-MFT-263 FMWG-008 1.11 65.80 32.32 99.23 

R2-MFT-292 FMWG-008 0.82 65.74 32.75 99.31 

R2-MFT-311 FMWG-008 1.25 66.03 32.15 99.43 

R2-MFT-312 FMWG-008 1.16 65.88 32.36 99.40 

R2-MFT-328 FMWG-008 1.20 64.39 32.78 98.37 

R2-MFT-340 FMWG-008 1.15 64.21 32.53 97.89 

R2-MFT-369 FMWG-008 1.19 65.80 32.60 99.58 

R2-MFT-394 FMWG-008 1.14 66.55 32.01 99.70 

R2-MFT-397 FMWG-008 1.20 65.38 32.74 99.32 

R2-MFT-399 FMWG-008 1.21 65.59 32.64 99.44 

R2-MFT-012 FMWG-013 8.23 41.90 49.43 99.56 

R2-MFT-020 FMWG-013 8.27 41.52 49.14 98.93 

R2-MFT-068 FMWG-013 8.32 41.52 49.23 99.07 

R2-MFT-083 FMWG-013 8.18 41.45 49.32 98.95 

R2-MFT-088 FMWG-013 8.08 41.73 49.80 99.62 

R2-MFT-092 FMWG-013 8.26 42.18 49.40 99.83 

R2-MFT-125 FMWG-013 8.25 41.62 49.29 99.16 

R2-MFT-133 FMWG-013 8.13 41.55 49.23 98.91 

R2-MFT-143 FMWG-013 8.16 41.66 49.24 99.05 

R2-MFT-153 FMWG-013 8.12 41.89 49.21 99.22 

R2-MFT-161 FMWG-013 8.08 41.83 49.22 99.13 

R2-MFT-238 FMWG-013 8.06 41.44 49.29 98.79 

R2-MFT-240 FMWG-013 8.05 40.49 49.24 97.78 

R2-MFT-242 FMWG-013 8.12 41.75 49.61 99.48 

R2-MFT-254 FMWG-013 8.10 41.79 49.57 99.46 

R2-MFT-258 FMWG-013 8.08 41.70 49.25 99.03 

R2-MFT-264 FMWG-013 8.14 41.60 49.26 99.01 

R2-MFT-278 FMWG-013 8.05 41.49 49.33 98.87 

R2-MFT-293 FMWG-013 7.94 41.55 49.37 98.86 

R2-MFT-303 FMWG-013 8.11 41.45 49.25 98.80 

R2-MFT-325 FMWG-013 8.04 41.60 49.35 98.99 

R2-MFT-327 FMWG-013 8.10 41.42 49.30 98.83 

R2-MFT-341 FMWG-013 8.09 41.59 49.23 98.92 

R2-MFT-343 FMWG-013 8.12 41.62 49.12 98.87 

R2-MFT-359 FMWG-013 8.03 41.72 49.23 98.98 
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R2-MFT-378 FMWG-013 8.13 41.79 49.27 99.19 

R2-MFT-389 FMWG-013 8.02 41.88 49.25 99.15 

R2-MFT-001 FMWG-016 3.01 66.56 29.90 99.47 

R2-MFT-017 FMWG-016 3.04 67.43 29.27 99.74 

R2-MFT-019 FMWG-016 3.05 67.55 29.20 99.80 

R2-MFT-036 FMWG-016 3.03 67.48 29.10 99.61 

R2-MFT-049 FMWG-016 2.93 67.07 29.15 99.15 

R2-MFT-051 FMWG-016 3.07 67.00 28.78 98.86 

R2-MFT-087 FMWG-016 2.92 67.39 29.53 99.84 

R2-MFT-105 FMWG-016 3.07 67.11 29.26 99.44 

R2-MFT-152 FMWG-016 2.90 67.39 28.83 99.12 

R2-MFT-166 FMWG-016 2.91 67.73 28.92 99.57 

R2-MFT-195 FMWG-016 2.92 67.21 28.93 99.06 

R2-MFT-220 FMWG-016 2.89 67.61 29.24 99.74 

R2-MFT-248 FMWG-016 2.91 65.88 29.11 97.90 

R2-MFT-265 FMWG-016 2.97 67.31 29.04 99.32 

R2-MFT-269 FMWG-016 2.79 67.50 29.23 99.52 

R2-MFT-274 FMWG-016 3.02 67.33 29.04 99.39 

R2-MFT-281 FMWG-016 2.98 66.64 29.03 98.65 

R2-MFT-296 FMWG-016 2.91 67.75 29.03 99.69 

R2-MFT-315 FMWG-016 2.96 67.05 29.04 99.05 

R2-MFT-326 FMWG-016 2.92 67.04 29.40 99.36 

R2-MFT-332 FMWG-016 2.94 67.08 29.19 99.21 

R2-MFT-333 FMWG-016 2.82 67.78 28.86 99.45 

R2-MFT-347 FMWG-016 3.01 67.52 28.94 99.47 

R2-MFT-356 FMWG-016 2.92 67.25 29.24 99.42 

R2-MFT-365 FMWG-016 2.98 67.34 28.77 99.09 

R2-MFT-383 FMWG-016 2.87 67.69 28.99 99.55 

R2-MFT-385 FMWG-016 2.96 67.87 28.98 99.81 
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Table 11-2 Summary data for pre-cleaned ILS Round 2 oil sands samples. 

Sample ID COSIA ID Mass% 

Bitumen Water Solids Total 

R2-OS-018 FMWG-004 6.19 5.81 88.00 100.00 

R2-OS-031 FMWG-004 6.23 4.80 88.91 99.94 

R2-OS-037 FMWG-004 5.97 5.70 88.24 99.90 

R2-OS-040 FMWG-004 5.87 5.25 88.90 100.01 

R2-OS-054 FMWG-004 6.17 5.20 88.64 100.01 

R2-OS-079 FMWG-004 6.16 5.50 88.33 100.00 

R2-OS-089 FMWG-004 6.00 4.77 88.94 99.72 

R2-OS-093 FMWG-004 6.04 4.82 88.80 99.67 

R2-OS-104 FMWG-004 6.19 5.52 88.05 99.76 

R2-OS-107 FMWG-004 5.97 5.19 88.74 99.90 

R2-OS-112 FMWG-004 5.92 5.28 88.56 99.76 

R2-OS-115 FMWG-004 6.32 4.56 89.13 100.01 

R2-OS-118 FMWG-004 6.29 5.21 88.40 99.90 

R2-OS-129 FMWG-004 6.23 5.30 88.34 99.87 

R2-OS-151 FMWG-004 6.04 5.68 88.35 100.07 

R2-OS-153 FMWG-004 5.88 5.22 88.69 99.79 

R2-OS-158 FMWG-004 6.04 5.65 88.04 99.73 

R2-OS-179 FMWG-004 5.99 5.19 88.61 99.79 

R2-OS-185 FMWG-004 6.16 5.80 87.92 99.89 

R2-OS-210 FMWG-004 5.98 5.86 88.09 99.92 

R2-OS-211 FMWG-004 5.77 4.86 89.23 99.85 

R2-OS-234 FMWG-004 5.82 5.07 89.03 99.92 

R2-OS-263 FMWG-004 6.15 5.74 88.00 99.89 

R2-OS-265 FMWG-004 6.26 5.02 88.54 99.82 

R2-OS-268 FMWG-004 6.08 4.99 88.86 99.93 

R2-OS-270 FMWG-004 6.28 5.36 88.20 99.83 

R2-OS-300 FMWG-004 6.12 5.49 88.19 99.80 

R2-OS-005 FMWG-006 7.96 5.99 86.28 100.23 

R2-OS-012 FMWG-006 7.83 5.52 86.32 99.67 

R2-OS-026 FMWG-006 7.80 6.14 86.26 100.20 

R2-OS-046 FMWG-006 7.87 5.24 86.16 99.27 

R2-OS-101 FMWG-006 7.98 5.37 86.24 99.59 

R2-OS-121 FMWG-006 7.95 5.89 86.40 100.24 

R2-OS-123 FMWG-006 7.90 5.94 86.41 100.24 

R2-OS-127 FMWG-006 7.97 5.69 86.11 99.77 

R2-OS-134 FMWG-006 7.91 6.19 86.08 100.18 

R2-OS-135 FMWG-006 8.12 5.82 86.23 100.17 

R2-OS-138 FMWG-006 8.04 4.91 86.76 99.71 

R2-OS-156 FMWG-006 7.93 5.50 86.39 99.81 
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R2-OS-175 FMWG-006 7.94 4.79 86.87 99.60 

R2-OS-188 FMWG-006 7.95 5.96 86.30 100.21 

R2-OS-197 FMWG-006 7.90 5.54 86.24 99.68 

R2-OS-217 FMWG-006 7.93 5.35 86.71 99.99 

R2-OS-221 FMWG-006 7.89 5.73 86.24 99.86 

R2-OS-223 FMWG-006 7.88 6.16 86.17 100.21 

R2-OS-225 FMWG-006 7.93 6.13 86.16 100.22 

R2-OS-242 FMWG-006 7.98 5.05 86.94 99.97 

R2-OS-256 FMWG-006 8.08 4.10 87.59 99.77 

R2-OS-274 FMWG-006 7.72 6.11 86.40 100.24 

R2-OS-284 FMWG-006 7.86 6.16 86.19 100.22 

R2-OS-286 FMWG-006 7.93 6.12 86.15 100.19 

R2-OS-287 FMWG-006 7.81 6.09 86.29 100.20 

R2-OS-289 FMWG-006 7.79 6.27 86.19 100.25 

R2-OS-291 FMWG-006 7.90 5.98 86.27 100.16 

R2-OS-002 FMWG-012 9.99 5.33 84.39 99.72 

R2-OS-004 FMWG-012 9.85 5.48 84.45 99.78 

R2-OS-008 FMWG-012 10.00 5.29 84.48 99.76 

R2-OS-058 FMWG-012 9.91 5.22 84.38 99.52 

R2-OS-059 FMWG-012 9.99 5.37 84.16 99.52 

R2-OS-074 FMWG-012 9.87 5.47 84.11 99.45 

R2-OS-082 FMWG-012 9.87 5.23 84.32 99.42 

R2-OS-106 FMWG-012 9.84 5.27 84.50 99.62 

R2-OS-137 FMWG-012 10.00 5.28 84.49 99.77 

R2-OS-161 FMWG-012 9.95 5.52 84.34 99.80 

R2-OS-167 FMWG-012 10.02 5.58 84.17 99.77 

R2-OS-174 FMWG-012 9.89 5.27 84.53 99.68 

R2-OS-190 FMWG-012 10.10 5.18 84.32 99.60 

R2-OS-195 FMWG-012 9.69 5.44 84.56 99.69 

R2-OS-205 FMWG-012 9.98 5.21 84.33 99.51 

R2-OS-212 FMWG-012 10.05 5.22 84.35 99.63 

R2-OS-213 FMWG-012 9.96 5.41 84.33 99.70 

R2-OS-214 FMWG-012 9.87 5.50 84.35 99.71 

R2-OS-226 FMWG-012 9.86 5.63 84.33 99.82 

R2-OS-244 FMWG-012 9.99 5.20 84.34 99.54 

R2-OS-246 FMWG-012 9.85 5.47 84.51 99.84 

R2-OS-251 FMWG-012 9.84 5.33 84.58 99.75 

R2-OS-252 FMWG-012 9.88 5.33 83.98 99.19 

R2-OS-254 FMWG-012 10.02 5.32 84.29 99.63 

R2-OS-267 FMWG-012 10.13 5.23 84.45 99.81 

R2-OS-269 FMWG-012 9.84 5.62 83.80 99.25 

R2-OS-288 FMWG-012 9.79 5.41 84.34 99.54 
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12.0  APPENDIX 6 :  ROUND 2 LAB SURVEY 
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Round 2 Survey Questions 

No. Questions Permissible Value 

1 
Will your lab require the loan of a hammermill? Note only labs in Alberta 
qualify for this loan. 

Yes-No/-n/a 

2 
If you have your own hammermill does it meet the method spec?  
Refer to revised method on COSIA website. 

Yes-No/-n/a 

3 Please provide a make (e.g., Polymix) Fill-in 

4 Please provide a model (e.g., PX-MFC 90D) Fill-in 
 Part B: Riffler   

5 Will you be using a static or spin riffle for subsampling? Yes-No/-n/a 

6 What is the smallest sub-sample that your riffle can produce? g 

7 Please provide a make (e.g., Humboldt) Fill-in 

8 Please provide a model (e.g., H-3973) Fill-in 
 Part C: For Labs that use laser diffraction:   

9 Does your equipment meet the method specs? Yes-No/-n/a 

10 
What is the recirculation flow rate you will use? 
If not known, please measure or obtain from manufacturer. 

mL/min 

11 
What is the volume of your recirculator? 
If not known, please measure or obtain from manufacturer. 

mL 

12 Will you be top sizing your sample and to what size? micron 
 Part D: For labs that will use a sonication probe for dispersion   

13 
Does your equipment meet the method specs?  
Refer to revised method on COSIA website. 

Yes-No/-n/a 

14 Please provide a make (e.g., Sonics Vibra-Cell) Fill-in 

15 Please provide a model (e.g., VCX750) Fill-in 

16 Distance of probe tip from bottom of beaker (mm) mm 

17 Power (watts) W 

18 Age of the equipment (years) 1 to >10 years 

 Samples  

19 Cleaned samples required? Yes-No 
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Round 2 Survey Responses 

Question 

Lab 
# 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

1 Yes    Yes 0.05 Sepor 040G-000 Yes 6000 1000 2000 n/a             

4 No Yes Polymix  PX-MFC 90D Yes 0.2 n/a n/a Yes 5000 1000 2000 Yes 
Sonics and 
materials, INC 

 VCX750 18 750 1   

6 Yes n/a n/a n/a Yes 0.1 FRITSCH Laborette 27 Yes 2800 1100 No Yes Sonics Vibra-Cell VC750 2 750 2   

8 Yes n/a n/a n/a Yes,  static 0.5 g Gilson SP-3 Yes 3600/min 800 mL 
700 
micron 

              

10 No Yes Dayton 5K917BE Yes 0.03 Hoskin H-3962 maybe 2000 600 2000 maybe 
Sonic and 
Materials Inc. 

VCF 1500 tbd 1500 tbd Yes 

11 No Yes Polymix PX-MFC 90D Yes 0.5 Fisher Unknown Yes note 2 1150 1000 Yes Sonics Vibra-Cell VCX 750 30 750 1   

12 No n/a     Yes 2.5-5 Humboldt H-3973 Yes 2400 800 710 n/a           Yes 

13 No Yes POLYMIX PX-MFC 90D 
SPIN 
RIFFLE 

0.02 
g 

QUANTACHROME MMR-12 YES 
10600 
mL/min 

3700 mL 2000 YES 
SONICS 
VIBRACELL 

VCX750 10 mm 
750 W 
(max)  

3 years   

14 Yes n/a     Yes 0.2 Endecotts 
600 ¼ 
SSDSLOT   

Yes 
~ 600 
mL/min 

1100 mL 1000 Yes 

Sonic 
Dismembrator 
Ultrasonic 
Processor  

Part No FB-
705. 

For ¾ inch 
probe the tip 
will be 1.125 
inches below 
the sample 
surface. 

700 1   

15 No n/a n/a n/a Static 0 Humboldt H-3973 n/a       n/a           Yes 

17 No NA n/a n/a Yes 0.05 MICROSCAL MSR Yes 4600 250 2000 Yes 
Sonics and 
Materials 

VC 750 
adjustable, 
typically 10mm 

750 7 Yes 

18 Yes       static 5     Yes 11200 800 710               

20 No yes Polymix PX-MFC 90D spin 0.01 
Spinning Riffler 
Microscal LTD 

not on 
equipment 

yes 2000 800 0 yes Sonics Vibra Cell CV334 22 750 
unknown - 
few years 

  

21 No n/a n/a n/a Yes (static) 100 Humboldt H-3972 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Yes 

22 No Yes 
Custom 
made  

Baldor-Cat No 
L3504 

Static 10 Humboldt H 3971C                     Yes 

23 Yes n/a n/a n/a static riffle 
note 
1 

Humboldt H-3692 yes 
1700 
mL/min 

1000mL 
710 
micron 

n/a n/a n/a n/a n/a n/a   

Note 1:  We are not sure about the smallest sub-sample that our riffle can produce. However, we did a test in which the recovery rate for dividing a 200 g sample into two 1.00 g samples is more than 99%. The recovery rate for dividing a 1.00 g 
sample into two 0.50 g samples is 96%. The recovery rate for dividing a 0.48 g sample into two 0.24 g samples is close to 96%.   

Note 2: Recirculation pump speed setting is on a scale of 0-100%.  Actual flow rate is not given; 60% is our default rate. 
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13.0  APPENDIX 7:  ILS FAQS 

 

Summary of Frequently Asked Questions (FAQ) 
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Pilot Round FAQ 

Date 
added or 
updated 

Origin question 
# 

Question Response from FMWG Area  

19-Nov-
14 

Webinar 
1 

W-1 What is the solvent used for washing? Toluene when carrying out Dean Stark; 
a toluene isopropyl alcohol blend for 
cold wash.   

Cleaning 

19-Nov-
14 

Webinar 
1 

W-2 Any requirement on wrapping paper for 
Dean Stark? 

No requirement. If you use wrapping 
paper it will be a deviation from the 
method so please provide specific 
information regard both the wrapping 
used and the methodology.  

Cleaning 

19-Nov-
14 

Webinar 
1 

W-3 Any suggestions on where to buy the 
rubber tipped mortar and pestle or the 
hammer mill? 

FMWG does not endorse any specific 
product. It is important to follow the 
specifications listed in the Method.  
Specifically the rubber tip on a number 
of commercially available pestles is 
easily damaged by the oil sand solids 
particles; resulting in rubber eroding 
from the pestle and being measured 
with the sample.  The hardness 
specification of the rubber is critical. 

Disaggregation 

19-Nov-
14 

Webinar 
1 

W-4 How about digesting the cements binding 
the particles together? Hammer mill can 
compromise the particle size in our view!!! 

The amount of naturally occurring 
cemented particles in the formation is 
low compared to the overall formation 
body. Treated tailings, which are 
cemented, need future consideration.   

Disaggregation 

1-Dec-14 Survey S-1 Method states that “Only new, unused 
thimbles are to be used". However this will 
increase cleaning costs by over 20% 

Unfortunately, repeatability is poor 
when thimbles are reused. For the 
purpose of the ILS new thimbles are to 
be used. 

Cleaning 

1-Dec-14 Survey S-2 A supporting spring can replace a support 
basket and be more effective. 

A support basket or supporting spring is 
not expected to cause a significant 
difference in the fines measurement. 

Cleaning 
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Date 
added or 
updated 

Origin question 
# 

Question Response from FMWG Area  

1-Dec-14 Survey S-3 A "solvent distributor" probably is not 
really needed. 

A solvent distributor is not expected to 
cause a significant difference in the 
fines measurement as long as all 
hydrocarbon is extracted from the 
sample. 

Cleaning 

1-Dec-14 Survey S-4 The glassware we currently have is slightly 
larger and has a Soxhlet Extractor to 
continually cycle Toluene through the 
specimen. We have some concerns about 
acquiring new glassware for the study. 

It is not expected that a soxhlet style 
extractor will cause any significant 
difference as long as a thimble is used. 

Cleaning 

1-Dec-14 Survey S-5 Mostly test <company name> process 
samples of 30 g or less for fast TAT (<12 
hrs) 

Process samples are not included for 
this initial phase of the ILS. It is the job 
of the fines balance committee to 
determine if process samples are 
included in the fines balance. A decision 
will be made at that time. 

Sample Size 

1-Dec-14 Survey S-6 Sample cleaning should be performed for 
all samples. 

Yes, this is the current methodology. Cleaning 

1-Dec-14 Survey S-7 In our cold wash we do not dry the 
samples completely. We evaporate the 
toluene out of the centrifuge tubes and 
then make a more diluted slurry from this 
for sub sampling. This removes the need 
for disaggregation and it changes how we 
sub sample for particle sizing. 

The method development studies 
carried out showed that slurry 
subsampling did not generate 
representative subsamples if the slurry 
contained particles larger than 44 
microns; in all cases the subsamples 
generated were biased.  To avoid this 
bias issue and to keep the method 
uniform for all sample types the 
requirement to dry the solids was 
implemented.  This leads to the 
disaggregation need followed by the 

Cleaning 
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Date 
added or 
updated 

Origin question 
# 

Question Response from FMWG Area  

riffle step for instances where the 
sample mass must be reduced.  When 
the measurement step is Laser 
Diffraction the material must be 
properly ‘top sized’ as well.  
Your cold wash system will need to be 
modified to conform to the method 
requirements. 

1-Dec-14 Survey S-8 For 10.4 sample dispersion 10-4-A-2 
Procedure, an alternative boiling with big 
hot plate works better for high volume 
production.  

A larger hotplate that accommodates 
multiple samples is fine.  It is not 
expected to impact the measured 
result. 

Dispersion 

1-Dec-14 Survey S-9 We currently have sample splitters with 2 
mm and 13 mm opening size.  It appears 
that one of our systems meets the 
minimum 6 mm opening requirement. 

The riffle specifications are given in the 
method.  The riffle openings should be 
between 6mm and 10mm.  

Subsampling 
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Date 
added or 
updated 

Origin question 
# 

Question Response from FMWG Area  

1-Dec-14 Survey S-10 Can we use a sonication bath? The issue with the use of a sonication 
bath is related to the amount of energy 
input into each sample dispersion 
container.  The specific geometry of the 
energy sources will render some spots 
within the bath as higher energy 
environments than others.  This will 
result in different amounts of energy 
input into the slurry processed in 
different spots in the bath hence 
different degrees of dispersion and 
higher variances in the data generated.  
The method development studies 
carried out did suggest that the degree 
of dispersion reached a plateau for long 
sonication times with an immersion 
probe.  It is likely that this plateau could 
be reached with the use of a bath but 
each bath type would need to be 
evaluated for each ‘spot’ within that 
bath to ensure equivalent energy input.  
This has not been done.   
Currently, the use of a sonication bath 
is outside of the method. 

Dispersion 

1-Dec-14 Survey S-11 What would be the issue with boiling then 
sonication in a sonication bath?  

This would be considered a deviation 
from the method and as such must be 
reported in the ILS if done.  The issue 
here would be differing amounts of 
dispersion energy being used.   

Dispersion 
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Date 
added or 
updated 

Origin question 
# 

Question Response from FMWG Area  

1-Dec-14 Survey S-12 Why the use of stainless steel bowls? 
Typically we would use glass jars for 
soaking samples - has lid, can organize in 
boxes... In high volumes of samples 
analysed (200 per 24 hour period - ~ 60 to 
70 a shift) we are not sure stainless steel 
bowls would be practical. 

The use of the stainless steel bowl is a 
suggestion.  Any container of 
appropriate size which allows for 
proper contact with the wetting agent – 
IPA (be careful of the bottom corners in 
a glass jar) and proper mixing with no 
loss of material is adequate and not 
expected to impact the result. 

Dispersion 

1-Dec-14 Survey S-13 Has there been any consideration to 
calibration of sieves with certified 
material? 
We recommend additional prescriptive 
elements relating to sieve maintenance 
and calibration. 

Sieve calibration procedures and 
additional information on sieve 
maintenance can be accessed by 
reference to ASTM E11-13 Standard 
Specification for Woven Wire Test Sieve 
Cloth and Test Sieves and ASTM STP 
447B Manual on Test Sieving Methods.  
The test method may be reissued in the 
future to reflect this. 

Measurement: Wet 
Sieve 

1-Dec-14 Survey S-14 The method states 65-115grams as the 
approximate sample size. However some 
oil sand samples have large amount of 
material in the 75-250 micron range.  
 
Therefore, a large sized guard sieve is not 
going to help reduce the amount of 
sample on the 44 micron sieve. Worst case 
scenario an ore with high fines (>30%) 
would leave more than 20g on the 44 
micron sieve, which is highly 
overloaded.  There needs to be more 
specification to the sample size.  

The size of samples submitted are 
limited by the size of the extraction 
thimbles, the average weight of clean 
solids usually in the range of 65 -80 
grams. Based on DOE results, it is 
recommended to use 8” sieve instead 
of 3” to avoid overloading. 
 
The second purpose of the guard sieve 
is to remove particles larger than 1440 
microns from the 325 mesh screen 
since these large particles could both 
damage the screen cloth and occlude 
large portions of the cloth.   

Sample size 
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1-Dec-14 Survey S-15 For Laser Diffraction, sample amount 
taken for dispersion can vary as a function 
of amount of clay present in the sample, 
which could give the obscuration in the 
green zone within required limits. 

Correct.  The method specification 
states that the amount of sample 
loaded into the recirculator be only 
sufficient to achieve the obscuration or 
transmittance specified by the 
manufacturer as appropriate for your 
optical bench.  See section 10.5-A-3 

Measurement: laser 
diffraction 

1-Dec-14 Survey S-16 Company does not recognize either one of 
these methods as providing successful 
dispersion. Can we use our own 
technique?  

No.  The purpose of the ILS is to 
evaluate the repeatability and 
reproducibility of the method as 
specified. 

Method in general 

1-Dec-14 Survey S-17 Sodium bicarbonate adjusted to pH 9.6 is 
used as dispersing agent for both Laser 
Diffraction and Wet Sieve method in our 
Lab.  Some laboratories use SHMP.  Why 
was the carbonate/bicarbonate buffer 
selected? 

A basic pH is well known to promote 
dispersion and in ASTM D422, elevation 
of the pH to 9.6 is permitted when 
using SHMP.  SHMP is not a single 
compound, some sources indicate that 
the metaphosphate structure can be up 
to 16 P not just 6.  SHMP was also 
found to generate a range of pH values 
upon preparation, there is no known 
pKa, and thus cannot be considered a 
component of a good buffer pair.  
Solutions prepared consecutively from 
the same starting materials showed 
themselves to be extremely variable in 
pH.  This variability contributed to 
variability in the measurement results.  
Thus SHMP was abandoned.  
 
Previous work on the dispersion of 
clays for MBI determinations has 

Dispersion 
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shown the success of the 
bicarbonate/carbonate buffer pair in 
promoting dispersion at basic pH.   This 
system was selected as a robust, 
tractable pH controlled system that 
promoted dispersion. 

1-Dec-14 Survey S-18 A hydrophobic material should be changed 
to hydrophilic by adding a few drops of 
Triton X surfactant, especially for froth 
minerals.  

The function of the IPA in the system is 
to make the surfaces of the solids water 
wet.  Triton X concentrations would 
need to be carefully controlled.  The 
needed wettability can be achieved 
more robustly with IPA. 

Dispersion 

2-Dec-14 Webinar 
2 

W-5 Are you not concerned about pH salinity 
and sodium to calcium ratio in 
recirculating system so as not to cause 
coagulation of fines? 

At the 44 micron measurement the pH, 
salinity and sodium to calcium ratio will 
not significantly affect the 
measurement based on the water 
chemistry provided in the 
methodology.   

Water Specification 

2-Dec-14 Webinar 
2 

W-6 Water chemistry specs are very large, at 
100ppm Calcium you will get coagulation 
no matter what is the size? 

See answer above (W-5).  The water 
specification for Calcium has a 
maximum of 50ppm. 

Water Specification 

2-Dec-14 Webinar 
2 

W-7 How about adsorbed organics? At the 44 micron measurement 
organics coatings do not significantly 
affect the measurement based on 
adsorbed organics.  

Measurement: laser 
diffraction 

2-Dec-14 Webinar 
2 

W-8 Talk about first logistical step for a lab if 
they choose to participate. 

This will be a two- step process. After 
the information has been compiled 
COSIA will contact each lab regarding 
the contract. In parallel AITF will 

Interlaboratory Study 
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contact each lab about the logistics of 
the ILS. 

12-Dec-
14 

Survey S-19 Where there any specification for 
sonication during the LD measurement. 
This is where we typically sonicate our 
samples. 

The method development studies 
carried out showed that while this 
sonication step does aid dispersion it is 
insufficient to achieve full dispersion.  It 
is necessary to fully disperse the solids 
prior to measurement thus step 10.4-
A/B was found to be necessary.  You 
may also use the sonication on the LD 
analyzer in addition to steps 10.4-A/B if 
desired.  Please report this with your 
ILS data.   

Dispersion 

12-Dec-
14 

Survey S-20 For 10.5 B-3 Wet sieve procedure, Step19 
we recommend to use dry Sharkskin filter 
paper instead of 325 sieve. Step 19,filter 
the material on 325 sieve and 16 sieve 
with vacuum filtration process, wrap the 
wet materials and dry them in oven. 
Weighing the 325 sieve does not work for 
volume production efficiently.  

Although the method specifies that you 
must put the 325 mesh sieve into the 
oven If you can quantitative transfer all 
of the material remaining on the 325 
mesh sieve into an appropriate 
container for drying, this is acceptable.  
Please note this deviation from the 
method in your ILS response with your 
data.  

Measurement: Wet 
Sieve 
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12-Dec-
14 

E-mail E-1 Is the Dean Stark method appropriate for 
de-oiling of the MFT and how was the 
minus 11 micron assumption developed , 
given the results indicate a problem of 
consistent recovery of MFT solids from the 
Dean Stark thimble,  

Cleaning of the as received sample is 
done to avoid the adverse impact of 
counting bitumen as part of the fines 
measurement or having bitumen foul 
the measurement systems.   
 
Certainly solids are lost during this 
cleaning step. What has not been 
determined is whether the material lost 
is within the pores of the thimble, 
retained on the surface of the thimble 
or due to the difficulty in recovering the 
solids from the Kimwipes.  Solids which 
passed through the thimble were 
recovered when their mass was 
sufficient to allow this.  These particles 
were sized and were found to be +90% 
less than 11 microns in all cases.    

Cleaning 

12-Dec-
14 

E-mail E-2 How will the proposed Inter laboratory 
study (ILS) account for the apparent 
differences in reporting for different size 
samples as a result of different size LD 
recirculator volumes?  

Each recirculator volume has a sample 
loading requirement that must be 
respected.  Section 10.5-A-4 discusses 
the ‘top size’ which can be analyzed to 
ensure a minimum representative 
subsample is assayed.  This will result in 
the range of the data being truncated 
at different points for different 
analyzers but if all ‘top sizing’ is well 
done and properly accounted for in the 
calculations then the result at 44 
microns will not be effected.   

Measurement: laser 
diffraction 
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12-Dec-
14 

E-mail E-3 The proposed Method appears to be 
anomalous in that there are many options 
available within the Method, rather than 
one set of discrete laboratory steps for the 
laboratory technician to follow---why is 
this the case?  

The Method as proposed is prescriptive 
and identifies specific and discrete 
steps to be carried out by laboratory 
staff. There are 2 options in each of the 
5 main steps and these are considered 
to be equivalent as demonstrated by 
several equivalence studies carried out.   
This is not unusual as many laboratory 
methods have options, or specifically, 
the word “or”, and ASTM D422 is a 
prime example, offering the laboratory 
technician 2 options for dispersion. 

Method in general 

12-Dec-
14 

E-mail E-4 Why was the Fraunhofer diffraction 
algorithms not selected, rather than the 
Mie diffraction algorithm, which might be 
considered more appropriate given the 
opaqueness of particles, size relative to 
wavelength and the surface charge?  

Unfortunately, it cannot be assumed 
that the particles are opaque, 
transmission through the particles can 
be anticipated. 
 
Mie theory is more rigorous than 
Fraunhofer.  The additional terms in the 
Mie equations should refine the size 
estimation and lead to a better result. 
 
This concern could be further 
addressed in subsequent studies, and if 
demonstrated to be significant, 
evaluated for modification or reissuing 
of the Method, as described in 
Appendix C of the Method. 

Measurement: laser 
diffraction 
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12-Dec-
14 

E-mail E-5 In the measurement section, a) why is the 
material which passes the 44-micron 
screen not counted as part of the fines for 
the dry stack and b) how is any material 
>44um measured by LD   integrated into 
the calculation of the <44-micron fraction 

There has been a considerable effort to 
address possible sieve overloading in 
the method. 
 
The task assigned FMWG was the % 
fines at 44 micron.  The simplest 
measurement procedures labs could 
use is wet sieving at 44 micron or 
DS<2000 micron following by LD (where 
of course concerns with a large particle 
size range exists for smaller volume 
recirculators due to the mass loading 
restrictions necessary to avoid multiple 
particle scattering effects). 

Measurement: Wet 
Sieve 

24-Mar-
15 

E-mail E-7 We currently use Deionized water for our 
Laser Diffraction, which is more pure than 
the water specifications listed in the 
method – will this be an issue? 

The water quality is section 9 of the 
method on page 11 of 57.   
 
It is recommended to measure the 
conductivity of the water in the 
recirculator during a ‘measurement’ 
step and this will be included in 
subsequent editions of the Method.  
 
The difference between recirculating 
water that does not contain sample for 
measurement (which is dispersed in 
buffer) and that which does contain 
such a sample, will likely result in a 
measurable conductivity.  As stated in 
section 9 some conductivity is 
necessary for good dispersion. 

Water Specification 
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24-Mar-
15 

E-mail E-8 I believe this is an error in the method? 
 
See step listed below: 
 
10.2-A-2 PROCEDURE 
 
10. Proceed to Error! Reference source 
not found with the disaggregated 
solids that passed through the hammer 
mill/grinder. 

We appreciate any issues regarding the 
method document being brought to 
our attention. There will not be a re-
issuing of the method in the case of this 
broken link, but we will be tracking 
these types of errors for future re-
issuing. Unfortunately this “Error!” in 
the document on the link was 
inadvertently left in.  
 
Under Section 10.2-A-2 PROCEDURE 
(page 15 of the Method) should read: 
 
10. Proceed to 10.3 SUB SAMPLING 
with the disaggregated solids that 
passed through the hammer 
mill/grinder. 

Method in general 

24-Mar-
15 

E-mail E-9 Warning regarding pilot round sample jars It has been found that the white plastic 
sample jars provided in the pilot round 
are not compatible with toluene 
solvent.  It is highly recommended that 
special care be taken when transferring 
the sample, in particular the mature 
fine tails (MFT), from the white 
container to the dean stark 
thimble.  Avoid rinsing the outside of 
the white sample container with 
toluene during the transfer to the 
thimble.     
 
For the ILS rounds subsequent to the 

Interlaboratory Study 
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Pilot Round, any MFT or other fluid 
samples will be issued with toluene-
resistant non glass jars. 

9-Apr-15 E-mail E-10 We are considering to purchase a unit for 
a laser diffraction particle size analyzer but 
noticed there is this requirement in the 
COSIA FMWG method about laser 
diffraction particle size analyzer, “The 
recirculation system of the instrument has 
the capacity of recirculating water with a 
volume of no less than 800 mL” 

The recirculator volume impacts the 
value as well as the repeatability and 
reproducibility of the final results in 
two ways. 
The mass (number) of particles which 
may be examined in the recirculator for 
a determination of particle size is 
limited by the obscuration (or 
transmittance) of the light passing 
through the sample.  As discussed in 
section 10.5-A-3 of the method it is 
necessary to restrict the number of 
particles in the system to ensure that 
there is only single particle scattering 
occurring not multiple particle 
scattering.  This means that light 
passing through the diffraction cell is 
only diffracted by interaction with a 
single particle enabling the calculation 
of the size of that particle. 
The other impact of recirculator volume 
is the result of the minimum 
representative subsample mass as 
discussed in section 10.5-A-4 and 
APPENDIX B of the method.  Oil sand 
derived solids often have very broad 
particle size distributions so one must 
consider counting statistics to ensure 

Sample 
Measurement: Laser 
Diffraction 
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that in subsamples of very small mass 
(numbers of particles) all of the particle 
sizes are adequately represented.  The 
impact of selection of a recirculator 
with a small volume is that this will 
restrict the number of particles which 
may be introduced into the recirculator 
thus restricting the number of particles 
in each size range making the 
determination of some of the 
populations of particles in specific size 
ranges prone to larger error.  To avoid 
this the method suggests the operator 
MUST ‘topsize” a subsample at a 
specific particle size prior to introducing 
the resultant subsample into the 
recirculator while still respecting the 
obscuration (transmittance) 
restrictions.  Table 6 on page 27 of the 
method details the topsize 
requirements.  It is noted in Table 6 for 
example that the topsize requirement 
for a 0.27 gram subsample is 500 
microns; many recirculators with a 
volume of less than 800 mls cannot 
accommodate 0.27 grams of oilsand 
derived solids without exceeding the 
obscuration limit thus resulting in the 
need to topsize to even smaller 
particles which severely limits the 
particle size distribution information 
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available to the analyst.   These 
considerations lead to the suggestion 
that the recirculator volume be no 
smaller than 800 ml. 

14-Apr-15 E-mail E-11 We have some material at the bottom of 
the jar that is not in the thimble. Will this 
material be used for the test? 

Samples were delivered to ILS 
Participants in one of two ways.  
1) Some laboratories received jars of 
sample as taken from the homogenized 
source.  These samples must be 
cleaned by either of the two ways 
allowed in the method.  Samples 
cleaned by Dean Stark require that the 
sample be quantitatively (99.9%) 
transferred from the jars to the 
thimble. If it is < 0.1 grams remaining, 
that should be sufficient.  If the amount 
remaining is > 0.5 grams then a pre-
weighed kimwipe should be used with 
tweezers to transfer the rest of the 
material into the thimble. It is preferred 
that the kimwipe not be put into the 
thimble and all of the material removed 
from the kimwipe. If the material can't 
be removed from the kimwipe, then 
the kimwipe must be added to the 
thimble weight and added to the 
thimble. 
2) Some laboratories received jars 
containing a Dean Stark thimble that 
had already been cleaned.  The 
material in these thimbles must be 

Samples 
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quantitatively transferred to the 
disaggregation step as described in the 
method.  Any material which escaped 
from the thimble in transit should be 
removed from the jar, added to the 
transferred material from the thimble  
and carried through the remainder of 
the assay. 

14-Apr-15 E-mail E-12 We have 8" sieves to complete the tests. 
We are wondering how to proceed as we 
only have between 40-80g of material in 
the thimble before the crushing and 
splitting steps when table 3 states we will 
need 80g to complete the testing on 
8"sieves. If this is the case would we 
eliminate the sub sampling step 

The need for sub-sampling is negated 
when the entire mass is needed to 
complete the measurement step; in 
this case, sieving. 

Subsampling 
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22-Apr-15 E-mail E-14 

Clarification is requested on the sample 
disaggregation part of the Method. The 
cleaned samples were received in a filter 
thimble as expected, however there are 
also cloths in the thimble with material 
matted to them. It was difficult 
transferring the majority of the dry sample 
into the mortar from the cloths without 
getting fibers into the specimen. 39.214 
grams of material has been transferred 
out of the 44.600 grams noted as dry 
material from the dean stark extraction. Is 
this an acceptable amount of sample to 
continue with the procedure or is there 
another method participants have been 
using to successfully complete this step? 

The method does not  specify clearly 
enough which wipes are to be used 
during the Dean Stark cleaning process.  
The wipes should be SINGLE ply 
Delicate Task Wipers sized 11cm X 21 
cm.  Three of these wipes are allocated 
to each thimble.  They are expected to 
be dried and weighed with the thimble 
prior to use.  The photographs which 
accompanied the question clearly show 
an alternate wipe (larger and multi-ply 
in nature) was used.  This has led to the 
inability to recover the solids in the 
sample.  During method development, 
using the specified wipe, solids loss to 
the thimble and wipes was found to be 
on the order of 1 weight%.  For the 
purposes of the Pilot Round of the ILS 
please proceed to size the solids 
recovered.  When reporting your 
results make sure to note in the 
comments column that there was a 
problem with solids recovery from the 
thimble and note either the weight% 
solids recovered or the weight% solids 
lost.  This lack of specificity in the 
method will be addressed in future 
versions.  

Disaggregation 
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22-Apr-15 E-mail E-15a 
Figure 2 on page 29 of the method shows 
measurement choices for  “Sieve Fines 
Determination Only” and “Sieve & Laser”. 
Lab that selected to do more than one 
measurement path, e.g., one path with 
sieve and one path with laser diffraction, 
are confused whether one sample should 
be use to report a sieve measurement and 
the same sample used for a laser 
diffraction measurement. This appears at 
odds with the one sample – one path – 
one measurement design of the ILS.  

One sample is to be used for only one 
path; thus, for those labs volunteering 
to do additional paths, two samples will 
be required. 

Measurement 

22-Apr-15 E-mail E-15b Also, this diagram indicates 65 – 115 gram 
of material is required but the MFT 
samples yields only 35 - 45 grams of solids 
for sieve analysis. Can the sieve analysis 
proceed with only 35 grams of solid? 

Yes. Measurement 
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23-Apr-15 E-mail E-13 a)  It is unclear where the specs came from 
for the sonication probe. Could we use a 
1" probe instead of a 3/4" probe? 
b)     Is it expected that all participating 
labs would need to have or purchase the 
quoted sonication probe to continue with 
the PSD testing? 
c)    Can any further information be given 
on why the built-in sonication systems did 
not meet the requirements? 
d)    Have all the built in systems been 
tested or is there any appetite for re-trying 
the built-in systems on a recycle loop? 
  

a) The specifications as listed in the 
method were the specifications of the 
units used to establish the sonication 
times and geometries as specified in 
the method.  It would appear that 
different vendors have probes and 
converters with specifications similar to 
but not equivalent to those of others.  
Examination of the literature suggests 
that the ¾ inch probe tip is suitable for 
sample volumes of ~75 mL to ~500 mL ; 
however, other volumes can be used 
but will impact probe life.  Future 
method revisions when re-issued may 
include a discussion on establishing the 
dispersion system necessary to fully 
disperse the particles. 
b) The method as written currently 
allows for two dispersion options,  
either 10.4-A Dispersion by Boiling or 
10.4-B Dispersion with Sonication 
Immersion Probe.  The analyst must 
select one of the two options. 
c) Please see the response to Question 
E-16 
d) The results of the ILS may inform the 
decision regarding the revisiting of 
method options. 

Dispersion: Sonication 
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23-Apr-15 E-mail E-16 As per our internal SOP on measuring 
particle size distribution by LD-PSD, 
sample is subject to LD-PSD probe 
sonication for 30-45 seconds regardless of 
previous step of dispersion (Either by 
heating or sonication). However, I did not 
find any clues of doing such step in the 
COSIA proposed instruction (Section 10.5). 
Please advise on this matter. 

The Dispersion step in the COSIA 
method chose to utilize a sonication 
probe external to the Laser Diffraction 
system to allow the dispersion energy 
and the dispersion geometry to be 
clearly specified and controlled.  There 
are several Laser Diffraction systems 
with ‘on-board’ sonication probes but 
each manufacturer has different energy 
inputs and different geometries; this 
makes using the ‘on-board’ sonication 
as the dispersion step difficult to 
specify and standardize and results in 
data variability.  In addition, the use of 
external dispersion by sonication allows 
for the alternate measurement step of 
sieving. In order to follow the method 
the analyst must select one of the two 
options discussed in section 10.4 
Dispersion.   Please see the response to 
question S-19 for a comment on the 
reporting of data if you select to also 
use the ‘on-board’ sonication system in 
your Laser Diffraction system.  

Dispersion 
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24-Jun-15 E-mail E-17 Our lab is having issues with agglomorates. Use of a rubber policemen to break up 
“clumps” in the sample as part of the 
boiling process is critical. Before boiling 
starts, all lumps should be broken up by 
squishing them against the end with 
the rubber policeman. Once boiling has 
been achieved lumps on the surface 
and at the bottom of the beaker need 
to be broken up by being squished 
against the side. 
When the sample has been transferred 
to the wet sieve care should be taken 
to squish all lumps with the rubber 
policeman against the edge taking care 
not to damage the mesh and using lots 
of water to wash these broken lumps 
through. 

Dispersion 
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7-Jul-15 E-mail E-6 What are the sample sizes for Round One 
of the ILS and what types of containers will 
they be received in? How will this 
influence the thimble I use? 

There are two primary types of samples 
for Round One of the ILS.  
 Oil Sand samples weighing between 80 
and 110 grams which will be delivered 
in white jars.  These samples should 
readily fit into either listed thimble:  
43*123mm cellulose or a 60*180mm 
cellulose thimble.  (see Appendix A of 
the COSIA Particle Size Method).  These 
sample jars are sensitive to toluene so 
do not wet them with solvent. 
MFT samples will weigh 100g to 150g 
given the solids content is 30-35%. 
These samples are supplied in clear jars 
with white lids that are compatible with 
toluene.  There are two sizes of jars one 
holds about 4 ounces and the other 
about 8 ounces.  The four ounce 
sample will fit into the  43*123 mm 
cellulose thimble.  The 8 ounce  sample 
size is difficult to fit into the 43*123mm 
cellulose thimble – it may be necessary 
to slowly add a portion of the sample to 
the thimble, start the extraction, wait 
for the water to drain through the 
thimble then cool the apparatus down 
and add the remaining sample and 
complete the extraction.  Both the 4 
ounce and the 8 ounce MFT samples do 
fit into the 60*180mm cellulose 
thimble.   

Cleaning 
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1/18/2016 Webinar 1 

W-1 
“Why does boiling cause agglomeration 
whereas it is meant to disperse it?” 

Boiling does not cause agglomeration.  
In some cases boiling fails to disperse 
agglomerates present in the sample.  
The analyst is able to see this lack of 
dispersion due to the configuration of 
the experiment which aids in the 
observation of these agglomerates.  
The agglomerates must be forced to 
disperse during boiling through the 
application of gentle ‘force’ from a 
rubber policeman on the 
agglomerates present. Boiling 

1/18/2016 Webinar 2 

W-2 
“The cooling after boiling also can cause the 
fines to reagglomerate!!! If you allow it to cool 
overnight” 

It is possible for re-agglomeration to 
take place in a previously boiled 
sample if that sample is left sitting for 
long periods of time.  This re-
agglomeration can also be observed 
in dispersions created by sonication if 
the solution is allowed to sit for long 
periods of time.  The method 
specifies that once the dispersed 
solution is created it MUST be 
analyzed within 30 minutes or the 
dispersion step must be repeated.  Boiling 
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1/18/2016 Webinar 3 

W-3 
“Can you specify the settings required for 
equipment. Otherwise the optimal parameters 
are subjective” 

This will be difficult to follow as new 
pieces of equipment are being 
released all the time. Additionally, 
COSIA prefers to not identify specific 
manufacturers, but rather the 
specification on power, size etc to 
achieve the desired result. Equipment 

1/18/2016 Webinar 4 

W-4 

“What about the large particle break down from 
the hammer mill. I don’t believe that this will 
affect the D50 or the fines content. It will only 
breakdown some of the D90s on some of the 
coarsest ore” 

The Hammer mill does commute 
larger particles and will thus affect 
the D90 measured on coarser ores.  
Experiments have shown that 
particles in the 1000 to 2000 micron 
range can be  broken down; typically 
resulting in particles in the 500 to 800 
micron range.  Many of the 1000 to 
2000 micron particles however 
remain unchanged.  The effect on the 
population of particles in the %<44 
micron range is negligible. Disaggregation 

1/18/2016 Webinar 5 

W-5 
“Could you recommend any specific Hammer 
Mill which performs good enough for this 
study?” 

COSIA prefers not to recommend 
specific manufacturers; however 
COSIA will provide a hammermill on 
loan for Round 2.  The hammermill on 
loan in round two is the Polymix PX-
MFC-90 D hammermill fitted with a 
smooth stator and a hammer rotor.  
This mill will come with a 
manufacturers manual , a brief set of 
set-up instructions and a test sample 
of solids complete with expected PSD 
to aid the user.  Disaggregation 
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1/18/2016 Webinar 6 

W-6 
“Will there be interim reports released to show 
how labs compare?” 

As shared today, labs can identify 
their particular lab results on the 
released graphs. At a later date either 
at a wrap up session or when the 
report is released the labs will be able 
to identify their results directly. ILS Study 

1/18/2016 Webinar 7 

W-7 
“Anything the labs need to know for 
Hammermill safety (e.g. ventilation, point of 
view for silica exposure)?” 

The hammermill on loan will come 
with a manufacturers guide and a 
brief set of set-up instructions.  There 
may be some noise and dust 
considerations associated with the 
use of the device.  It is best to set the 
unit up in a fumehood.  It may be 
necessary to utilize both noise control 
in the form of hearing protection and 
dust control in the form of a dust 
mask while using the equipment.  Disaggregation 

1/18/2016 Webinar 8 
W-8 “Can the Hammer mill be set up in fume hood?” 

Yes. The photo from today’s webinar 
will be added to the method. Disaggregation 

1/18/2016 Webinar 9 

W-9 
“For sample cleaning, do we still need to choose 
dean & Start extraction or cold solvent wash?” 

Those are still the methods listed in 
the method. 
It is still incredibly important for 
solids to be cleaned. Cleaning 
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1/18/2016 Webinar 11 

W-10 
“How do labs improve without results being 
shared?” 

Labs should be proficient in the 
method provided. If they aren’t 
proficient in the method, they 
became so in the pilot round. 
Improving is about the techniques 
used and following the method. 
For outlier results, the lab would 
already have been contacted by the 
ILS Coordinator during the Pilot or 
Round 1 regarding possible reasons 
to explain the outlier. During this 
contact an outcome would be 
identified to resolve the outlier. 
Improving the labs is not a goal of the 
ILS. The ILS assumes that the labs are 
already proficient. 
Furthermore the labs can view their 
results relative to other ILS 
participants. ILS Study 

1/18/2016 Webinar 17 

W-11 

“Our lab has the same hammer mill as you, 
however the stator in yours looks different from 
mine.  I ordered the hammer mill/stator combo 
as specified, but my stator has more ‘ribs’ than 
yours.  Referring to the manual, yours looks like 
it has the hammer rotor and the blade-grinding 
stator. Is this preferred or does it matter?” 

It does matter.  COSIA will provide 
some specific guidelines, including 
photos, as an addendum to the 
method for Round 2. The FMWG has 
run tests internally, and has been in 
contact with the vendor directly to 
ensure that the correct stator is used.  
The method does specify the smooth 
blade-grinding stator and the 
hammer rotor.  These are not 
standard with the mill as ordered and 
must be specified.   Disaggregation 
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1/18/2016 Webinar 18 

W-12 

“Why COSIA emphasizes on 
water/bitumen/mineral portions from Dean 
Stark, whereas the whole emphasize is on fine 
definition?” 

Bitumen was used as a proxy to 
evaluate homogenization of samples, 
prior to distribution to the labs. 
Alternatively, PSD could have been 
used as a proxy for homogenization 
but was not chosen due to time and 
resource constraints. 
We do not declare that we know the 
fines. ILS Study 

1/20/2016 Webinar #2 

W-13 
Did you run probability density for these 
results—did they follow a normal distribution? 

Yes we did look at the distributions of 
each set of <44 micron mass% results 
by material type from the pilot and 
round 1. The distributions did tend to 
follow an approximately normal 
distribution although some of the 
MFT type materials did have 
skewness in their distribution due to 
outliers. We are hoping to obtain 
more normalized data from Round 2 
for all material types. ILS Study 

1/20/2016 Webinar #3 

W-14 
Data repository--will this be publically available 
in a file format that can be read e.g, csv or xml 

The compiled data will be available in 
the final report and raw data (e.g. 
fines)  in an appendix, with the 
ongoing intent to share the report in 
public domain once approved by the 
COSIA steering committee. If all raw 
data is shared, specific evaluation will 
be required by both AITF and COSIA 
to ensure lab anonymity. ILS Study 
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Preamble 

This Unified Fines Method document is provided by Canada’s Oil Sands Innovation Alliance 
(COSIA) as part of an ongoing initiative within the COSIA Tailings Environmental Priority Area (EPA). 
The creation of this document was initiated by COSIA in 2013, as a result of a request from the Alberta 
Energy Regulator (AER). The request was partly related to apparent inconsistencies amongst fines 
measurements reported by Operators and a requirement for a more consistent measurement method 
specified in Directive-74 issued by the Regulator in 2009. A Fines Measurement Working Group 
(FMWG) consisting of industry practitioners was created by COSIA, and supported by personnel from 
the AER, to carry out and direct work to develop the standard method contained in this document. The 
mandate of this group, with input from AER, was to develop a technically accurate and effective method 
of measuring mineral solids less than 44 microns in size, with incidental benefit to overall particle size 
distribution. Within the oil sands industry the minus 44 micron fraction is known as “fines”. This 
document contains the proposed measurement methodology needed to provide technically and 
statistically defendable oil sands fines measurements, and is aimed to be applicable across all areas of 
an operating oil sands processing facility.   

 
Existing particle size distribution methods commonly in use by the oil sand industry, as well as 

established institutional methods that are commonly used in other industries were evaluated with 
laboratory data as part of this method development. The unique nature of the sample materials requires 
more sample preparation in terms of cleaning and dispersion than standards already established for 
soils provide.   
 

Significant challenges remain that impact this method, and include obtaining representative 
sampling within an operating oil sands processing facility that is outside of the FMWG scope. Specific 
challenges to the method include obtaining consistent measurement of particles with organic 
attachment, the impact of sample cleaning and preparation steps on the final result, variation in fine 
tails constituents affecting particle density assumptions, laboratory occupational health and safety 
concerns, and scope and cost increases that may be incurred compared to the various laboratory 
methods presently in use. 

Ongoing Work 

It is understood that this method may be refined during 2015 based on ongoing method 
evaluation commissioned by COSIA. This method evaluation has included a Design of Experiment 
(DOE) study conducted by the NAIT Applied Research Centre for Oil Sands Sustainability (NARCOSS) 
and an Inter-Laboratory Study (ILS) to be conducted by Alberta Innovates Technology Future (AITF). 
Both of these studies are managed by the COSIA-FMWG.  
 

These two evaluations allow this standard method for fines measurement to be statistically 
evaluated. The DOE has allowed optional procedures within the United Fines method to be validated 
statistically, whilst the Inter-Laboratory Study (ILS) will provide indication of statistical validity with 
respect to repeatability and reproducibility. The ILS is expected to involve commercial laboratories 
presently supporting oil sand Operators, as well as the Operator laboratories and laboratories within 
educational institutions. 
 

The FMWG will evaluate the results of both the DOE and ILS to determine if revisions to the 
standard method are warranted.  
 

The results of both the NARCOSS and AITF studies are expected to enter the public domain, 
within a broader COSIA report.  

Implementation 

It is understood that the COSIA Tailings EPA and or the Alberta Energy Regulator will decide 
future use of the method. This decision may include a formal implementation plan for this Unified Fines 
Method to support Directive 74 or other requirements, which may or may not allow for calibration to 
existing Operator-specific methods. 
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1 SCOPE 

This method allows for the determination of the minus 44 micron or “fines” fraction as well as the overall 
particle size distribution (PSD) of solids from Oil Sands operations. These may be solids from oil sand 
deposits, designated oil sand tailings disposal areas or process stream samples. The primary purpose of this 
method is to allow for tracking of ‘fine’ solids through a process; other particle size distribution methods may 
be more appropriate for the characterization of such behavior as settling or flow. Currently, the definitive 
value for ‘fines’ content is the less than 44 micron value. Each measurement system will assign a single 
dimensional value to each particle considered; this dimensional value is considered to represent a non-
uniform three dimensional particle for the purposes of tracking these solids.  
 

This method allows for the determination of a particle size distribution for particles in the range of below 
44 micron through to 2000 micron using a laser diffraction particle analyzer system, sieves or a combination 
of the two. The reported units of the distribution are percent volume less than a given particle size when 
using a laser based system or weight percent less than a specified size when using a sieve system.  In order 
to reasonably compare results from the two measurement systems the assumption made is that there is no 
density difference exhibited by the solids reporting to different size ranges therefore making volume per cent 
equivalent to weight per cent for the data generated. 
 

This method requires submitted samples to be between 40 and 140 grams. 
 

2 SUMMARY 

Clean dry solids obtained either by Dean & Stark Soxhlet solvent extraction or repetitive cold solvent 
washing are analyzed for particle size distribution using a number of clearly defined steps. The clean, dry 
solids are first disaggregated, then appropriately subsampled, adequately dispersed and finally the particle 
size distribution is measured. 

 

3 BACKGROUND 

 
 The size distribution of oil sand solids is important in characterizing ore bodies and tailings deposits 
as well as determining processability relationships in extraction plants.  There are many different methods for 
measuring PSD’s.  All of them rely on various assumptions about the particles being measured (e.g. shape, 
density, dispersion, settling rates, etc.). As a result, different PSD measurement methods may produce 
different results based on these assumptions.  The results from these different measurement methods may 
have different levels of applicability to different characteristics or behaviors of the samples being analyzed.  It 
is necessary to understand the underlying science behind the measurement methods to determine which 
method is most suitable for the generation of information with respect to a given characteristic or behavior.  
The method described herein is suitable to the mass balance of the less than 44 micron solid fraction around 
a process.  In order to complete the mass balance calculations it is necessary to assume that there is no 
density difference exhibited by the solids reporting to different size ranges therefore making volume % 
equivalent to weight % for the data generated.  

Prior to PSD analysis, the sample solids must be clean and dry.  Sample solids are cleaned to 
remove bitumen from the system since this bitumen will interfere with the particle size determination.  
However, it must be acknowledged that the cleaning processes used may result in the loss of some of the 
finest particles present in the system.  The loss of some of the finest solids can be significant for some 
process stream samples, especially for streams where the majority of the solids in the sample are often very 
fine (<10 micron).  Refer to Appendix A for a discussion of fines losses during cleaning.  For oil sands ore 
body samples, extraction process streams, and tailings pond samples, the loss of very fine solids through the 
extraction thimble tends to be much less significant.  It has been found experimentally that the amount of fine 
solids which are lost through the thimble during the cleaning process of Dean Stark extraction has a strong 
correlation to the amount of bitumen present in the thimble but does not exhibit a strong correlation to the 
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amount of fines present in the sample.  These solids are corrected for in the measurement system.   Solids 
lost into the fibers of the thimble are not corrected for.   

Sample solids are “fully” dispersed prior to PSD measurement.  This is to ensure that the amount of 
fine particles measured (i.e. %< 44micron) is not a function of how much shear force was applied to the 
sample prior to measurement.   
 While laser diffraction, alternatively referred to as Low Angle Laser Light Scattering, instruments 
provide a rapid and convenient measurement of PSD in the range of 0.02 micron to 2000 micron, the 
instruments are blind to particles outside this range.  This range restriction arises from the angles at which 
information is collected.  Laser Diffraction systems use light scattered from the edges of particles and can 
‘see’ particles of all types and colours. Samples with a significant amount of large particles may require an 
additional screening step using a sieve, with the results corrected to account for the particles retained on the 
sieve.   In this way, very large particles that would otherwise be outside of the analysis range, for example 
rocks found in reject samples, will be reported. 
 In addition, it may be necessary to sieve out particles above a specific size range to reduce the 
breadth of the particle size distribution such that only representative samples are presented to the laser 
diffraction system (see appendix B for details) depending upon the volume of the recirculation system used 
with the laser optical bench.   
 

4 REFERENCE METHODS 

 
Laser Diffraction: 
 
ASTM C1070-01:   Standard Test Method for Determining Particle Size Distribution of 
Alumina or Quartz by Laser Light Scattering 

 With the ASTM method, suitable dispersing agents and sonication procedures are recommended 
depending on the sample, but an exact dispersing procedure is not specified. 

 
ASTM  D4464-00: Standard Test Method for Particle Size Distribution of Catalytic Material by 
Laser Light Scattering 

 
Within the ASTM method, an unspecified instrument is used to measure the PSD from 30 to 300 
microns. For this method, only a vague statement of producing stable dispersions is given, with no 
recommendations on how to achieve this.  The ASTM method recommends caution when using 
surfactants or other additives, as they strongly affect the results.  The interlaboratory results that 
involved additives were excluded from the ASTM precision study as a result. 
 

UOP 856-07: Particle Size Distribution of Powders by Laser Light Scattering   
This standard is for determining the particle size distribution of powders and slurries using laser light 
scattering for particle sizes in the 1 to 100 micron range, but the instrument is capable of measuring 
particles from 0.02 to 2800 microns. Samples are analyzed as received or prepared using sonication 
to disperse agglomerated particles.  
 
Sample Preparation for Laser Diffraction: 
 

ISO 13 320 (2009): Particle Size Analysis: Laser Diffraction Methods 
This Standard covers the Laser Diffraction Measurement of particle size distribution through the 
analysis of two-phase systems (powders, emulsions and suspensions in liquids) where particles are 
analyzed for their light-scattering properties. This Standard includes the areas of theoretical 
background of Laser Diffraction, recommendations for instrument specifications as well as accuracy 
and precision of a test method. This Standard does not specify the requirements of particle size 
measurement of any particular materials and. The particle size range to be measured under this 
Standard varies from 0.1 micron to 3000 microns. This standard specifies that “for non-spherical 
particles, a size distribution is reported, where the predicted scattering pattern for the volumetric sum 
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of spherical particles matches the measured scattering pattern as it assumes a spherical particle 
shape in its optical model. The resulting particle size distribution is stated as different from that 
obtained by methods based on other physical principles (e.g. sedimentation, sieving). 

ISO 14 487 (2000): Sample Preparation – Dispersing Procedures for Powder in Liquids 
 

This Standard is administered by Technical Committee ISO/TC 24, Sieves, sieving and other sizing 
methods, Subcommittee SC 4, Sizing by methods other than sieving. This Standard is related to the 
sample preparation methods for particles analyzed to be by Laser Diffraction and covers the 
dispersion of powder in the liquid. This method applicable to particles size ranging from 0,05 micron 
to 100 micron. 
 

ISO 14 488 (2007): Particulate Materials – Sampling and Sample Splitting for the Determination of 
Particulate Properties 

This Standard is managed by Technical Committee ISO/TC 24 and describes the sub-sampling 
procedures for a test sample from a powder, paste, suspension or dust relevant to the measurement 
of particle size distribution. 

 
Sample Preparation for Sieve Analysis: 
 

ASTM D421-85(2007):  Standard Practice for Dry Preparation of Soil Samples for Particle-Size 
Analysis and Determination of Soil Constants (referenced by ASTM D422)  
 
ASTM D75 - Practice for Sampling Aggregates (referenced by ASTM C136, ASTM C117, and ASTM 
D1140 
 
ASTM C702 – Practice for Reducing Samples of Aggregate to Testing Size (referenced by ASTM C136, 
ASTM C117, ASTM D6913, and ASTM D1140) 

 
ASTM Standards for Sieve Analysis: 
 

ASTM D 422-63 (2007): Standard Test Method for Particle-Size Analysis of Soils 
 

This Standard is regulated by ASTM Committee D18 on Soil and Rock and widely used by 
Geotechnical Laboratories. The test method under this Standard includes both Sieve and 
Hydrometer. The smallest wet sieving mesh size is #200 (74 micron), measurement of particle size 
smaller than 74 micron is done using Hydrometer,  and the amount of material finer than 44 micron  
is interpolated from PSD plot. 
 

ASTM D6913-04(2009):  Particle Size Distribution (Gradation) of Soils Using Sieve Analysis 
 

This test method is under the jurisdiction of ASTM Committee D18 on Soil and Rock. Only test 
method D6913 includes qualifications on the types of materials for which this test method is 
applicable: it specifically excludes “soils containing extraneous matter such as organic solvents, oil, 
asphalt, wood fragments, or similar items.  Such extraneous matter can affect the washing and 
sieving process” (ASTM D6913-04, 2009, p.1). 
 

ASTM D1140-00(2006):  Amount of Material in Soils Finer than No. 200 (75-μm) Sieve 
  

This standard is regulated by ASTM Committee D18 on Soil and Rock and manages two methods 
for measurement of fines finer than 75 micron: A-Test and B-Test.  This standard states that “the 
method to be used shall be specified by the requesting authority” (ASTM D1140-00, 2006, p.1). A-
Test Method requires no dispersion prior to wet sieving. B-Test Method requires dispersion by 
soaking in water mixed with deflocculant prior to wet sieving. 
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ASTM C117-13:  Standard Test Method for Materials Finer than 75-μm (No. 200) Sieve in 
Mineral Aggregates by Washing (previous version was  ASTM C117-95) 
  

This standard is administered by ASTM Committee C09 on Concrete and Concrete Aggregates and 
widely referenced in the SOP of commercial Oil Sands Laboratories.  
This test method provides the guidelines for measurement of fines smaller than 75 micron (No. 200) 
sieve by wet sieving. This method includes two procedures: Procedure A uses plain water for 
washing and Procedure B uses water mixed with a wetting agent.  
 

ASTM C136-06:  Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
(previous version was ASTM C136-96a) 

 
This test method is regulated by ASTM Committee C09 on Concrete and Concrete Aggregates and 
covers the determination of the particle size distribution by dry sieving. This standard however is 
intended for aggregate testing and assumes a relatively coarse sample with low fines content. This 
standard clearly specifies that if there is a requirement of determination of material smaller than 75 
micron, then a combination of both ASTM C136-06 and C117 should be used. 

 
STP 447B (1985):  Manual on Test Sieving Methods, “Wire-Cloth Sieves for Testing Purposes” 
 

This is a general guideline on sieving methods and is intended for use as a supplement for published 
ASTM standards relating to the sieve analysis. 
 

ASTM C429-01(2006):  Sieve Analysis of Raw Materials for Glass Manufacture 
This Standard is under the jurisdiction of ASTM Committee C09 on Concrete and Concrete 
Aggregates and is related to sieve analysis of raw materials for glass manufacture: sand, soda-ash, 
limestone, alkali-alumina silicates, etc. 
 

5 REPORT FORMAT AND REPORTING LIMITS 

 
Reporting results from Laser Diffraction: 
• Results are reported in the form of cumulative volume % undersize for a standard series of sizes of 

interest to the data user.  Two sizes which MUST be reported are the 44 micron and 2000 micron 
cumulative volume % undersize. Percent less than a given particle size values are reported to the 
nearest 0.1%.  

• For the purposes of this standard it is assumed that the density of the particles in any size fraction is 
identical to the particle density in each other size fraction thus allowing the reported values to be 
considered equivalent to cumulative mass % undersize.   

• The data software allows for users to select many different statistical values which can describe the 
distribution and which the user may find useful.  Any such values selected should be reported to the 
nearest 0.1 micron. 

 
Reporting results from Sieve: 
• Results are reported in the form of cumulative mass % undersize for a standard series of sizes of 

interest to the data user.  Two sizes which MUST be reported are the 44 micron and 2000 micron 
cumulative mass % undersize. Percent less than a given particle size values are reported to the nearest 
0.1%.  
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6 ACCURACY AND PRECISION   

 
6.1 ACCURACY 
 

Particles are three-dimensional objects for which three parameters are required to completely 
describe their size.  The clay minerals associated with the oil sands; kaolinite, illite, glauconite and chlorite in 
the ore body and, in addition, with montmorillonite or smectite in the waste, are all phyllosilicates.  The term 
phyllosilicate (literally “leafy silicate”) indicates that for all of these clays one dimension of the basic particle is 
much smaller than the other two dimensions.  Thus the particles being sized in the experiments described 
herein are highly irregular in shape and have been reported as having aspect ratios on the order of 10:1.  
The physics upon which these sizing measurement systems are based assumes that the particles are highly 
regular in shape thus allowing them to be adequately described by a single dimensional value. This 
incongruity shows that an accuracy statement is not possible to define.   
 
6.2 PRECISION 
 

This section will be finalized upon receiving the data will from the ILS 
 
 
AS ILLUSTRATION OF TYPICAL CONTENT:    
THIS DATA AND TABLES WILL BE REPLACED WITH APPROPRIATE DATA FROM THE ILS 
 
Table 1. Example of data to be found here after ILS  

 
 Mean (µm) Median (µm) % < 88 µm  
Glass beads  
n = 35 96.0 ± 0.7 106.2 ± 0.6 23.1 ± 0.8  

 Mean (µm) Median (µm) % < 5.5 µm % < 44 µm 
Fuller’s Earth 
n = 51 9.7 ± 0.9 9.7 ± 1.5 39.5 ± 2.0 77.1 ± 2.8 

 
NOTE: The error shown is 2 standard deviations (95% confidence).  These precision results were 
collected over several months on a single instrument (LS 13 320). 
 

7 SAMPLE CONSIDERATIONS 

 
Destructive:  Yes.   
 
Amount required:  The amount of sample required depends upon the selection made for the 

measurement step and upon the breadth of the size range of the particles in the specific sample. The total 
error of a method is made up of several cumulative errors, but in general, the total error equals fundamental 
error + sub-sampling or segregation error + analytical error.  A minimum representative sample mass for 
measurement is calculated in order that all particles in that received subsample have equal opportunity of 
being selected in the sub-sampling procedure.  In general, the larger the subsample’s mass the lower the 
fundamental error.  

While this is true for any measurement on a subsample the concern here is most marked for 
measurement systems which can accommodate only very small subsample masses.  The design of current 
laser diffraction systems is such that all have a recirculating sample chamber of a fixed size recirculating the 
particles to be assayed through an optical bench system. The size of this recirculator impacts the mass of 
the subsample which may be analyzed and thus how well the result obtained represents the sample.  Please 
consult Table 3 for guidance regarding this minimum.  

 In general, samples submitted for this method are limited to between 40 and 140 grams due to the 
physical limitation of the extraction thimbles. 
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Properties: Samples containing bitumen must be cleaned prior to PSD measurement to avoid 

contaminating the flow path of the laser system or altering the performance of the sieve. All solids submitted 
with the original sample must be representatively subsampled for subsequent analysis – no solids may be 
arbitrarily removed from the sample. 

 

8 SAFETY CONSIDERATIONS 

This Method does not purport to address all of the safety concerns, if any, associated with its use. It is 
the responsibility of the user of this Method to establish appropriate safety and health practices and 
determine the applicability of regulatory limitations prior to use.  
Waste from these procedures should be handled in accordance with relevant regulations. 
 

9 WATER QUALITY 

Water used in all procedures described herein must meet the minimum water quality specifications 
given here.  Any source of water is suitable if the water meets the specification. 
 
Table 2. Water Quality Specification for PSD 
 
Parameter Units Limits Importance 
Filtration microns ≤0.2 Remove particulates 
Temperature °C 25 to 40 Warm to the touch, to avoid condensation on the 

cell windows of laser systems 
Degassed -- According to 

recirculator 
manufacturer’s 
recommendations 

To avoid air bubbles in cell of laser systems 

pH -- 6.5 to 8.5 Dispersion may be effected by pH 
Conductivity 
(Calculated TDS1) 

µS/cm 
(mg/L) 

10 to 500 
(5 to 300) 

Some ionic strength is necessary for good 
dispersion 

Calcium (Ca) mg/L <50  
Iron (Fe) mg/L <0.5  
 
 

1 Calculated total dissolved solids (TDS): 
Total dissolved solids calculated (mg/L) =  

0.6*(alkalinity) + Na + K + Ca + Mg + Cl + SO4 + SiO3 + (NO3–N) + F 
[all concentrations in mg/L, in accordance with SM 1030 F] 
OR 
Total dissolved solids calculated (mg/L) =0.64*(conductivity in µS/cm) 

 

10 PROCEDURES 

 
The procedures necessary to generate data are detailed below.  The method consists of 5 steps.  One 

of two alternate procedures from each step must be selected. The analyst should consider carefully before 
beginning which choice will be selected at each of the five stages so that appropriate amounts of sample 
may be prepared and necessary apparatus is available.  
 
Flow diagram of each of five steps of the Method is illustrated in Figure 1. Flow Diagram of Choices. 
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Figure 1. Flow Diagram of Choices 
 
 
10.1 SAMPLE CLEANING 
 

Samples must be cleaned one of two ways prior to analysis.  Sample size for these cleaning procedures 
is limited to between 40 and 140 grams. 
 
 
 
10.1-A DEAN & STARK EXTRACTION 
 

This procedure is fully described in Appendix A: Determination of Bitumen, Water and Solids Content of 
Oil Sand Process Samples by Extraction.  The purpose of this step is to remove any bitumen associated with 
the sample and to allow the determination of weight % solids in the as received sample.  
  
1. Carry out a Dean Stark extraction as described in Appendix A:  Dean and Stark Method. 
2. Record the weight % solids of the as received sample. 
3. Proceed to 10.2 SAMPLE DISAGGREGATION with the clean dry solids. 
10.1-B COLD SOLVENT WASH  
 

10.1-A: DEAN & STARK 
EXTRACTION 10.1-B: COLD SOLVENT WASH 

10.2-A: DISAGGREGATION BY 
HAMMER MILL or GRINDER 

10.2-B DISAGGREGATION WITH 
MORTAR AND PESTLE 

10.3-A: STATIC RIFFLE DIVIDER
  

10.3-B ROTARY DIVIDER OR 
SPIN RIFFLER 

10.4-A DISPERSION BY 
BOILING WITH BUFFER 

10.4-B SONICATION WITH 
IMMERSION PROBE IN BUFFER 

10.5-A LASER DIFFRACTION 10.5-B SIEVE 

 
 
10.1 SAMPLE CLEANING
  
 
 
 
10.2 SAMPLE 
DISAGGREGATION 
 
 
 
 
10.3 SUB SAMPLING 
 
 
 
10.4 SAMPLE 
DISPERSION 
 
 
 
10.5   SAMPLE 
MEASUREMENT 
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Details for this choice are provided below.  The purpose of this step is to remove any bitumen 
associated with the sample and to allow the determination of weight % solids in the as received sample.    
 
10.1-B-1 APPARATUS, REAGENTS, MATERIALS 

• Centrifuge 
• translucent Nalgene Sample bottles to fit in centrifuge head  
• Balance ±0.05g 
• Paint shaker;  (e.g. Red Devil Model 5400), or wrist-action shaker 
• Evaporating dishes, porcelain, 525 mL 
• Toluene/IPA lab solvent:  76 Vol %Toluene, 24 Vol.%  IPA (isopropyl 

alcohol) 
• Acetone 

 
10.1-B-2 PROCEDURE 

 

1. Weigh the individual sample in its container and record the mass as sample plus container.  

2. Quantitatively transfer the sample using the IPA/toluene mixture from its container into a 250 mL 
Nalgene centrifuge bottle. 

3. Reweigh the empty container to allow determination of the as received sample weight. 

4. Fill the 250-mL Nalgene centrifuge bottle to about an inch below the neck with IPA/ Toluene. The 
IPA/Toluene is used to extract the bitumen from the sample. 

5. Balance the bottles to within ±0.2 grams using a top loading balance by adding IPA/Toluene.  

6. Shake the samples for 6 minutes in the shaker. 

7. Centrifuge the samples with a relative centrifugal force of 1250 for about 20 minutes.   

Note: RCF = 1.12R (RPM/1000)2, where RCF = relative centrifugal force, R is the radius of 
rotation measured in millimeters and RPM is the number of rotations per minute. 

8. Remove the centrifuge bottles from the centrifuge when it has completely stopped.  

9. Remove the solvent containing dissolved bitumen from the bottles using suction.  Use caution. 
Remove only the solvent layer, retaining about 1 inch of solvent above the solids layer. This is done 
to ensure that no solids are lost from the sample. 

10.  Add toluene/IPA solvent mixture, shake, spin and remove solvent.  Repeat until the liquid that is 
decanted after centrifuging is very clear and colourless indicating that all of the bitumen has been 
removed from the solids. 

11. Quantitatively transfer the sample from the 250-mL Nalgene centrifuge bottles to an evaporating dish 
using acetone to rinse all the solids from the bottle.   

12.  Leave the evaporating dishes, containing the solids, in a fume hood until all the solvent has 
evaporated and the sample reaches constant weight.  Ensure that the solids are protected from 
accidental loss while drying.  

13. Record the mass of the dry solids.  Calculate the mass % solids in the as received sample. 

14. Proceed to 10.2 SAMPLE DISAGGREGATION with the clean dry solids. 

 
10.2 SAMPLE DISAGGREGATION 

Visible/removable coal may be weighed and estimated as a percent by mass of the solids but must be 
returned to sample solids and carried through the entire analysis.  Due to its friable nature some of the coal 
will report as sub 44 micron solids. 
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Disaggregation of the clean dried solids is needed since during the cleaning step the solids are 
typically agglomerated.  
 

Disaggregation of the clean solids is handled using one of the following two procedures: 
 
 
10.2-A DISAGGREGATION BY HAMMER MILL (or SOIL GRINDER) 
 
10.2-A-1 APPARATUS, REAGENTS, MATERIALS  
 

• Hammer Mill: general specifications: 

- With a general configuration such that the feed hopper is vertically positioned above 
the mill chamber with the exit screen positioned at the bottom of the mill chamber 

- 1000W; 60Hz 110V direct drive motor 
- ~3200 rpm rotating speeds 
- fitted with a 2 mm screen/sieve 
- fitted with Hammer Strike grinding attachment; smooth stator (blade grinding 

stator);AISI 316L Stainless Steel 
- hinged-arm Hammer-rotor (not blade-grinding rotor); AISI 420 Stainless 

Steel(hardened) 
- 2 mm clearance in grinding chamber. 
- ~300 mL hopper volume 

 

• Soil Grinder general Specifications: 

- With a general configuration such that the feed hopper is vertically positioned above 
the grinding chamber with the exit screen positioned at the bottom of the chamber 

- 250W; 60Hz 110V direct drive motor 
- ~1725 rpm rotating speed 
- fitted with a 2 mm screen/sieve 

 
• Mortar and pestle 

• Sample collection jars 

• 2000 micron sieve 

• 200X microscope(for examination of questionable solid clumps) 

 
10.2-A-2 PROCEDURE 
  

1. Fit the hammer mill exit with a rubber stopper of suitable diameter for the receiving vessel selected.  
The rubber stopper is necessary to avoid excessive loss of fine particles into the fume hood.  The 
rubber stopper should have a thin, ~2 mm wide, vertical notch cut into the side of the stopper. This is 
needed to allow a small amount of air flow out of the receiving container as solids fall into the 
container from the hammer mill.  This notch also helps to prevent the hold-up of fine particles within 
the hammer mill.  Similar considerations apply to the Soil Grinder.  A transfer system from the 
grinder to the sample container must be devised to minimize loss of solids.  Solids may be collected 
into the original thimble or another sample container 

2. Weigh the individual sample of clean and dried solids in its container (i.e., thimble from Dean and 
Stark or the evaporating dish from Cold Wash) and record the mass as sample plus container.  

3. Quantitatively transfer the clean dry solids from the container to the mill/grinder hopper. A mortar 
and pestle may be used to break up any agglomerates that do not fit inside the feed hopper.  If the 
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sample contains rocks that are greater than 2000 microns in size they must be retained and weighed 
separately.  This weight will be used in the calculations. 

 
Note: It is important to ensure that as much of the solids as possible are removed from 
the thimble and transferred for disaggregation when Dean and Stark has been used for 
sample cleaning. Fine clays can form a hard layer on the surface of the thimble and be 
lost. This could result in erroneous results. There should be no visible clumps of material 
bound to the thimble. 
 

4. Close the mill/grinder hopper lid to avoid fines loss. 
5. Turn on the mill/grinder 
6. Ensure a good seal between the mill/grinder exit and the receiving container.  Ensure all material 

has passed through the mill/grinder and has not been retained in the chute or mill.  Care must be 
taken to examine the internals of the mill/grinder to ensure the entire sample has exited the unit. 

7. Rocks which are larger than 2 mm may be retained on the exit screen of the mill/grinder.  These 
must be recovered by opening the unit and subsequently adding these rocks to those recovered in 
step 3 above.  Ensure that there are no agglomerates in this material. 

8. Weigh the empty container that held the sample and record.  Subtract this weight from the sample 
plus container mass.  Determine the total sample mass.   Calculated sample mass must include any 
rocks that may have been previously removed.  The total mass should correspond closely with the 
total mass of clean dry solids produced in the cleaning step. 

9. Calculate the mass % ROCKS in the clean dry solids if any such material was recovered in steps 3 
or 7 above.  

 
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

𝑇𝑇𝑇𝑇𝑇𝑇𝑚𝑚𝑇𝑇 𝑐𝑐𝑇𝑇𝑐𝑐𝑚𝑚𝑐𝑐 𝑑𝑑𝑑𝑑𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑇𝑇𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
 × 100 

 
 

10. Proceed to Error! Reference source not found. with the disaggregated solids that passed through 
the hammer mill/grinder. 

 
 
10.2-B DISAGGREGATION WITH MORTAR AND PESTLE 
 
10.2-B-1 APPARATUS, REAGENTS, MATERIALS 
 

• Sieve and pan – Select mesh (see minimum sample mass section) and collection pan 

• Ceramic mortar and ceramic pestle, various sizes  

• Rubber tipped pestle   (styrene-butadiene with a Durometer reading of 60 has been 
successfully used for the rubber tip)  

• Microscope 200x magnification(for examination of questionable solid clumps) 

• Analytical balance ±0.0005g 

• Powder funnels 

 

10.2-B-2 PROCEDURE 
 

1. Weigh the clean and dried solids in its container (i.e., thimble from Dean and Stark or the 
evaporating dish from Cold Wash) and record the mass as sample + container.  

2. Weigh the individual sample in its container and record the mass as sample plus container.  
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3. Quantitatively transfer the clean dry solids from the container to the mortar. 

Note: It is important to ensure that as much of the solids as possible are removed from the 
thimble and transferred for disaggregation when Dean and Stark has been used for sample 
cleaning. Fine clays can form a hard layer on the surface of the thimble and be lost. This 
could result in erroneous results. There should be no visible clumps of material bound to the 
thimble. 

 
4. Weigh the empty container that held the sample and record.  Subtract this weight from the sample 

plus container mass.  This is the total sample mass.  It should correspond closely with the total mass 
of clean dry solids produced by the cleaning step. 

 
5. Impact the sample in the mortar with the rubber tipped pestle to break down all clumps.  If the 

sample is compacted clay, then ceramic pestle may be utilized with light force. 
 

Do not grind with the ceramic pestle. It is very important that samples are milled with the 
rubber tipped pestle and not the ceramic pestles. This is to ensure that the sample and rock 
will not be pulverized past their true particle size.   

 
6. Pour the sample from the mortar into the 2000 micron sieve fitted with collection pan. Shake to allow 

particle sizes less than the selected mesh size to pass through to the pan.  
 

7. Inspect the solids that are retained above the sieve for rocks. A microscope with 200x magnification 
is suitable to determine if some of the materials are agglomerates or truly larger particles. 

   
8. Remove all single particles above the select mesh size from the sample and place them in a pre-

weighed container.   
 

9. Place any remaining material retained on the sieve that appear to be agglomerates back into the 
mortar and disaggregate further until all agglomerates are broken down.  Repeat this process until 
all large particles above the selected mesh size are isolated from the sample.  

 
10. Record the weight of the container with the material above the selected mesh size.  Subtract the 

mass of the empty container.  This is the above mesh size mass.  This mass will later be added to 
the particle size distribution as greater than the appropriate size. 

 
11. Calculate the percent of material above the select mesh size and record: 

 
 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑚𝑚𝑎𝑎𝑇𝑇𝑎𝑎𝑐𝑐 𝑚𝑚𝑐𝑐𝑇𝑇𝑐𝑐𝑐𝑐𝑇𝑇𝑐𝑐𝑑𝑑 𝑚𝑚𝑐𝑐𝑚𝑚ℎ 𝑚𝑚𝑠𝑠𝑠𝑠𝑐𝑐
𝑇𝑇𝑇𝑇𝑇𝑇𝑚𝑚𝑇𝑇 𝑐𝑐𝑇𝑇𝑐𝑐𝑚𝑚𝑐𝑐 𝑑𝑑𝑑𝑑𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑇𝑇𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

 × 100 

 
This mass will later be added to the particle size distribution as greater than the selected mesh size.   

 
12. Proceed to 10.3 SUB SAMPLING using the disaggregated solids. 

 
 
10.3 SUB SAMPLING 

Once the solids have been disaggregated by either approach described above it is necessary to 
prepare a sub sample of the solids that is the appropriate mass for the subsequent analysis.  The analyst 
must decide what the final measurement step will be and prepare a sub sample accordingly.  Guidance is 
given in Table 3. Cautionary note: Table 3 provides guidance only.  The specific sample mass required for a 
laser diffraction system will be dependent upon the specific system being used and upon the particle size 
distribution of the subsample being assayed.  The final arbitrator of subsample size for laser diffraction 

  
 Page 16 of 57 

COSIA Fines Measurement Working Group                  ILS Pilot Method                                             Revision Date: February 2015 
Copyright COSIA, All rights reserved 

 



 
 
systems is the obscuration or transmittance readings achieved for each subsample assayed.  These must be 
within the permitted range for each measurement of an appropriately obtained representative subsample.  It 
is possible that the obscuration/transmittance criteria will limit the mass of the subsample to a mass less than 
the minimum representative subsample mass required to fulfill the fundamental error considerations; see 
APPENDIX B: Minimum Sample Mass Discussion for guidance on how to proceed. 
   

The lab sample must be generated by proper sample division and not scoop sampled at any point. 
Grab or scoop sub-sampling does not meet the criteria of a correct sampling procedure for heterogeneous 
particles because it does not give each particle the same probability of being sampled.   Sample increments 
once obtained shall be entirely utilized at all stages of sample division, preparation and measurement. No 
material may be added to or taken from the increment. 
 
Table 3. Approximate Sample Size Requirements  
 

Measurement System Approximate 
Subsample 

Size (grams) 

Approximate 
Maximum 
Particle 

Size(microns) 
LD with 800 mL recirculator 0.5 710 
LD with 1000 mL recirculator 1 1000 
LD with 4000 mL recirculator 4 2000 
3 inch sieve (325 mesh) 11   
8 inch sieve (325 mesh) 80  

 
Two method options for sub sampling are provided: Static Riffle Divider and Rotary Divider. 
 
10.3-A STATIC RIFFLE DIVIDER 
 

Riffle dividers should be calibrated regularly, at least annually, to confirm they are properly dividing 
the samples, by mixing and dividing a sample containing known quantities of particles such as glass beads. 
The riffle divider should always be used in a level position and be in good repair without any rough edges or 
deformations that may bias the mixing and dividing of the sample.  Do not clean the divider or the collection 
pans by banging together or by using tools such as a mallet, hammer or knife. Wherever possible clean the 
divider and collection containers with compressed air.  If the divider or collection pans are dirty or oily, they 
can be washed with warm water and mild detergent. The divider and the pans should be dried thoroughly 
with a soft lint free cloth that will not leave any residue and left to dry at least overnight. 

 
10.3-A-1 APPARATUS, REAGENTS, MATERIALS 
 

• Chute riffle with minimum 6 millimeter openings( 3 times 2mm – the largest agglomerate loaded 
into the riffle) and maximum 10 mm openings.  Select the riffle of appropriate size to handle the 
mass of material being subsampled.  It may be necessary to have a number of static riffle 
dividers available to allow for the ever decreasing mass of subsample as the process proceeds. 

• Assorted collection containers 
 
10.3-A-2 PROCEDURE 
 

1. Distribute the disaggregated solids evenly into a hopper or one of the collection bins provided with 
the riffle. 

2. Pour the solids quickly over the top of the riffle using one smooth single motion. 

3. Collect the solids which reported to each of the collection bins located on one side of the riffle (½ of 
the sample) from the underside of the riffle. 
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4. Remove and replace each of the collection bins with clean and empty bins. 

5. Pour the collected sample half from step 3 over the riffle again. 

6. Repeat steps 2 through 5 until the sample is reduced to the required mass for measurement.  

7. Proceed to 10.4 SAMPLE DISPERSION with the entire contents of a single bin or with the entire 
contents of multiple bins. 

 
10.3-B ROTARY DIVIDER OR SPIN RIFFLER 
 

Selection of a rotary divider or spin riffle should be made to ensure that the size of the equipment is 
suitable to the volume of sample being sub-sampled.  The goal should be to minimize the loss of fine 
particles during riffling by minimizing the amount of contact between the sample and the surface of the 
equipment and by minimizing the exposure to strong air currents.  Typically 80-100 gram particle sample 
masses may require a ‘micro’ spinning riffle. The sectors and collection trays or vials should be symmetrical 
and of equal size. 

The best results are obtained when operating the rotary splitter with a constant rotational velocity 
and feeding it at a constant slow rate.  Slow feed rates increase the number of increments and help to 
minimize the grouping and segregation errors. The riffle should rotate a minimum of 20 times while the 
sample is being divided. Sample losses must be minimized.  Careful alignment of the riffle parts and 
reasonable speeds help to minimize losses.   
 
10.3-B-1 APPARATUS, REAGENTS, MATERIALS 

 
• Appropriate spin riffle 

• Assorted sample containers  

 

10.3-B-2 PROCEDURE 
 
1. Turn on the rotating collector plate at a constant speed.  The speed selection should be based on the 

manufacturer’s specifications for appropriate use of the riffle. 

2. Pour the sample into the hopper or vibratory feed chute at a slow and even rate. 

3. Turn on the vibration amplifier to a slow but constant rate so that the material begins to flow and feed 
into the collection trays or tubes. 

4. Increase the vibration amplifier slightly, if necessary, so that any slower moving finer material moves to 
feed the collection trays or tubes.  Continue to increase the intensity of the vibration until all material is 
fed into the rotating collection trays or tubes.  Cautionary note; avoid creation of dust clouds with 
judicious selection of rotational and vibrational speeds.    

5. Remove the collection bins and replace them with empty collection bins. 

6. Empty the entire contents of one or more of the collection containers into the main feed tray and repeat 
the procedure until the desired sample size is achieved.  If the sample size is unreasonable for the size 
of the rotary divider at this point, feed one of the divisions into a smaller scaled rotary divider. 

7. Weigh each portion to make sure subsamples are of nearly equal mass. 

8. Proceed to 10.4 SAMPLE DISPERSION with the entire contents of one or more bins combined 

 

10.4 SAMPLE DISPERSION 
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 Dispersion is one of the most critical steps in sample preparation.  It is important, especially for 
samples containing fine minerals and hydrophobic surfaces. It is imperative that the samples be fully 
dispersed before the measurement of the particle size is attempted.  Any and all of the material produced 
as the sub-sample in the preceding sub-sampling section must be utilized to prevent the representative 
sample from being compromised.  Either of the listed dispersion processes below may be chosen.   
 

 
10.4-A DISPERSION BY BOILING WITH CARBONATE/BICARBONATE BUFFER 
 
10.4-A-1 APPARATUS, REAGENTS, MATERIALS 

 
• Shallow stainless steel bowl with 500 mL capacity 

• Small beakers  

• Parafilm or plastic wrap 

• Small spatula 

• 500 mL graduated cylinder  

• 600 mL beakers 

• Isopropyl Alcohol (IPA) 

• Hot plate/stirrer combination 

• Heat resistant gloves 

• 100 mm diameter watch glass 

• Cooling rack or pan 

• Clip on thermometer 

• Timer set to 15 minutes with alarm. 

• Reagent Grade Sodium Bicarbonate NaHCO3  

• Laboratory Grade 1.0 M Sodium Bicarbonate Solution 

• Laboratory Grade 10% Sodium Hydroxide Solution 

 
 
10.4-A-2 PROCEDURE 
 

1. Prepare a carbonate/bicarbonate buffer solution.  Two suggested methods are: 

a. Buffer Option 1:   1.26g NaHCO3 diluted to 900 mL and 10% NaOH added until pH = 9.6 

OR 

b. Buffer Option 2:  15 mL of  1.0M NaHCO3 (8.40g/100mL) diluted to 1000 mL and 10% NaOH 
added until pH = 9.6 

Note:  This solution will have a shelf life of four (4) weeks.  Date of preparation should be 
marked on the bottle.   
 

2. Transfer the weighed sample of the disaggregated dry solids into a shallow stainless steel bowl. Add 
1-2mL of IPA, in drop-wise increments to the dried solids.  If dispersing only a small mass of solids a 
small beaker may be utilized. 
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3. Mix the IPA into the sample by using a folding action with a spatula. 

4. Repeat step 2 and 3 until all solids are visibly wet with no excess liquid.  Consult Table 4 for typical 
volumes. 

 
Table 4.Typical amounts of IPA and BUFFER solutions 
 

Sample weight (g) 

IPA volume (mL) 
Volume of BUFFER Solution 

(mL) 
 Sample contains 

predominantly 
sand 

Sample contains 
predominantly 

clay 

'0-1 2 4 100 

1-10 3 6 100 

10-40 5 10 300 

40-80 10 20 300 

80-120 15 30 400 

 
Note: These are suggested volumes. In particular, the volume of the BUFFER  solution 
needs to be adjusted to ensure an appropriate boiling action is observed during the 
dispersion step. 
 

5. Fill a graduated cylinder up to the appropriate mark with the BUFFER solution. 

6. Add the BUFFER solution slowly to the stainless steel bowl/ beaker by pouring over the spatula used 
for mixing. 

7. Cover the bowl/beaker with parafilm or plastic wrap. 

8.  Leave the sample to soak overnight for a minimum of 12 hours. 

9. Quantitatively transfer the slurry to an appropriately sized beaker using a limited amount of water. 

10. Place the beaker, with sample, on a stirrer hot plate and insert a stir bar for mixing.  

11. Set the temperature on the hot plate to a setting ~med-low. 

12. Turn on the stirrer.  Increase both  the heating and stirring until a gentle boil and mixing of the slurry 
occurs. 

13. Start the timer when boiling state is reached. 

14. Boil for 15 minutes. While boiling, push any material off the sidewalls with a rubber policeman on 
glass rod, rinsing the stirring rod and the sides of the beaker with water.  This is needed to avoid loss 
of sample and to make sure the entire sample is wetted and being boiled.  

15. Turn the hot plate off. 

16. Place a watch glass on top of the beaker to avoid sample contamination. 

17. Move the beaker to a cooling rack or pan.  
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18. Start a timer. 

19. Measure and record the temperature at regular intervals until the temperature reaches 25°C.   

20. Record the time at which the sample slurry reaches temperature of 25°C and use this for guidance on 
the cooling time requirements for future samples.   

Note: An ice bath or cooler can reduce the cool down time to less than 20 minutes. 
 

Proceed immediately to 10.5 SAMPLE MEASUREMENTSAMPLE MEASUREMENT of the 
dispersed subsample.  
 
 
10.4-B SONICATION WITH IMMERSION PROBE 
 

This dispersion technique provides high dispersion energy.  It has been shown that the presence of 
various process aids (e.g. polyacrylamides, gypsum, sodium silicates, demulsifier) in the original sample 
does not significantly affect the PSD results. 
 
10.4-B-1 APPARATUS, REAGENTS, MATERIALS 
 

• Assorted beakers 

• Ultrasonic processor and probe general specifications: 

o Power of the sonifier: 750 W 

o Frequency and maximum amplitude of the sonification: 20 kHz frequency at 58 
micrometers amplitude when the power is set to 100% automatic tuning and frequency 
control and automatic amplitude compensation.  The actual power delivered is increased 
and decreased automatically to compensate for viscosity changes in the dispersion 
medium in order to maintain frequency and amplitude. 

o Sonifying power setting: 90% 

o Probe dimensions: ¾ inch (19 mm) diameter solid probe with a 5 inch (127 mm) 
length.  Avoid sonifying probes where threaded portions of the probe are immersed in 
the liquid (e.g. replaceable tips) as fine particles may accumulate in the threads and 
reduce the effectiveness of sonification 

o Probe composition: high grade titanium alloy Ti-6Al-4V 

 
10.4-B-2 PROCEDURE 
 

1. Examine the sonication probe, at the beginning of each analysis day, to determine if erosion of the 
probe tip has become unacceptable (e.g. signs of pitting near the rim are just becoming visible).  
Performance of the sonication probe decreases at the earliest signs of pitting. 

2. Switch on the ultrasonic processors. The timer for operation should be set as listed in  

3. Table 5 and the amplitude set at 90%. 
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4. Determine the correct placement of the sonication probe within the beaker to be used in the 
experiment. Place the sonication probe into the beaker, centered in the beaker and at a height 
specified by the manufacturer. Set the system so that this placement can be re-established readily 
for each use of the sonifier.  Typically, this will result in the probe tip being immersed below the 
surface 1.5 x the probe tip diameter. For example, for a ¾ inch probe tip the tip will be 1.125 inches 
below the sample surface. 

5. Prepare a carbonate/bicarbonate buffer solution.  Two suggested methods are: 

Buffer Option 1:   1.2602g NaHCO3 diluted to 900 mL and 10% NaOH added until pH = 9.6 

OR 

Buffer Option 2:  15 mL of  1.0M NaHCO3 (8.4011g/100mL) diluted to 1000 mL and 10% 
NaOH added until pH = 9.6 

Note:  This solution will have a shelf life of four (4) weeks.  Date of preparation should be 
marked on the bottle.   

 
 
 
 
Table 5.  Sonication Time and Volume 
 

Sample 
weight, g 

IPA 
Volume, 

mL 
 

IPA Volume, 
mL 

 

BUFFER 
Volume  

mL 

BUFFE
R 

Volume  
mL 

Size of 
Beaker, mL 

Diameter 
of Beaker, 

cm 

Sonification 
time 
(min) 

 
Largely 
Sand 

Largely Clay Largely 
Sand 

Largely 
Clay 

   

0-1 2 2 60 60 100 4.75 1.5 
1-10 3 3 60 60 100 4.75 3 

10 - 40 5-10 7-20 80-100 60-105 150 5.5 10 
40 - 80 10-15 15-40 200-260 200-240 600 8.75 30 

80 - 120 15-25 25-60 350-390 240-320 1000 10.25 60 
 
 

6. Transfer a weighed sub-sample obtained from the riffle to a beaker, sized as specified in  

7. Table 5. 

8. Wet the transferred solids with a minimum amount of isopropanol (IPA) (typical amounts are 
suggested in  

9. Table 5) and manipulate the sample until the solids are completely wetted (no lumps).   

Caution: Using excessive IPA can lead to bubble issues if using a laser diffraction system in 
the measurement step. 

  
10. Add BUFFER to the beaker following the guidelines in  

11. Table 5.  

12. Sonicate the sample for the time specified.  
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13. Inspect the probe for any solids that have traveled above the liquid surface and adhered onto the 
probe stem.  Rinse any solids on the probe tip back into the beaker. A wash bottle containing water 
works well for this.  Remove the probe from the suspension.   

14. Do not let the sonified sample sit for more than 30 minutes before analysis; re-sonify as in step 7 if 
necessary. 

Proceed to 10.5 SAMPLE MEASUREMENT with the dispersed subsample 
 

Note: it may be necessary to screen the dispersed sample through a sieve of a specific size to 
reduce the maximum size of the particles prior to introduction to the recirculation system of a laser 
diffraction system if the volume of the recirculator is small.  See the discussion in Appendix B on 
minimum representative sample size. 
 
 

10.5 SAMPLE MEASUREMENT 
 
There are two dispersed sub-sample measurement options: Laser Diffraction and Sieve methods. 
 
10.5-A LASER DIFFRACTION 
 
10.5-A-1 APPARATUS, REAGENTS, MATERIALS 
 

• Laser diffraction instrument with capability of measuring particles between 0.1 microns and 2000 
microns in size. At the 44 micron level the repeatability should be as stipulated previously in this 
method – see ACCURACY AND PRECISION. 

• Recirculation system for Laser Diffraction system capable of recirculating water with a volume of no 
less than 800 milliliters.  Larger volume recirculators minimize concerns regarding minimum 
representative sample masses (see APPENDIX B: Minimum Sample Mass Discussion) 

•  Recirculators must be connected to a tempered water source that is heated to 25°C.  This is to 
avoid condensation on the flow cell windows 

• Computer and instrument specific software  

• Water to meet the water quality specified - see WATER QUALITY. 

• Canned air duster. 

• Micro-90 Concentrated Cleaning Solution  

• Triton X-100 diluted for “as needed” cleaning 

10.5-A-2 SELECTION OF THE OPTICAL MODEL 
 

Most instruments currently available provide the analyst with a choice of optical models. 
 

Optical model based on Fraunhofer approximation 
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The Fraunhofer approximation was the first optical model used to determine particle size information from 
scattered laser light.  This model is relatively simple and requires no knowledge about the optical properties 
of the material being sized.  It assumes that: 

• The particle interacts with a plane wave of light of known wavelength. 

• The particle completely absorbs the light so that the only diffraction which occurs is at the edge of 
the particle. 

• The particle is highly regular in shape (uniform  in all orientations) and can thus be approximated by 
a sphere and adequately described by a single dimensional parameter.  

The Fraunhofer approximation is most suited to particles which are opaque and much larger than the 
wavelength of the light used in the experiment.   
Optical model based on Mie theory 
 

Mie theory allows for the primary scattering from the surface of the particle predicting the intensity of this 
from the difference between the refractive index of the particles and the dispersion medium.  Mie theory also 
predicts the secondary scattering caused by light refraction within the particle.  Mie theory is the more 
rigorous and requires more knowledge of the system being measured.   It does, however, account for light 
transmission through the particles and is thus suited to both transparent and opaque particles.   

 
• The particle interacts with a plane wave of light of known wavelength. 

• The particle is highly regular in shape (uniform in all orientations) and can thus be approximated by a 
sphere. 

• The particle has no surface charges. 

• The complex refractive index of the homogeneous particles is known. 

• The refractive index of the dispersion medium is known. 

 
Neither theory is ideal for the sizing of oil sand derived solids.  However, for the particle size of most 

interest, the 44 micron and less material, Mie theory is more suitable.  Mie theory requires that the refractive 
index of the materials being measured is known.  The refractive index of  materials such as silica, illite, 
kaolinite,  orthoclase feldspar,  mica and quartz are all reported to lie in the range of 1.50 – 1.60.  
Unfortunately, some materials known to be present in oil sand solids such as rutile (RI: 2.56-2.90) and zircon 
(RI: 1.92-2.02) have refractive indexes very different from this range.    

 
For the purposes of sizing oil sand solids by the method described herein the choice of optical model 
should be the MIE model employing a refractive index for water at 25 °C equal to 1.333 and a 
refractive index for the particulate matter of 1.55 with an imaginary component of 0.1i.  It may be 
necessary to verify the refractive index of the circulating fluid if large amounts of IPA are added to the 
recirculation system.  It is possible to achieve this by withdrawing about 10 mL of fluid and sample from 
the recirculator after the sample analysis but before draining.  This withdrawn fluid should be filtered 
through a 0.1 micron filter and then the refractive index measured.  The actual refractive index can then 
be employed to recalculate the data from the sample run.   
 
 
 

10.5-A-3 DETERMINATION OF APPROPRIATE PARTICLE CONCENTRATION 
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 Obscuration is a measure of the concentration of particles in the system.  It is the percentage loss of 
laser light due to the number of particles in the system.  Transmittance is another term used in laser 
diffraction instruments to measure concentration of particles in the system.  It is the amount of light going 
directly through the cell without absorption and blockage due to particles.  
 
 It is important that the particle concentration in the measurement zone of the instrument be high enough 
to achieve adequate signal to noise ratio but low enough to ensure that multiple scattering effects are 
minimal.  In general, multiple scattering effects generally result in larger angle shifts in the refracted light 
which in turn will be interpreted by the system as an increase in “fines” shifting the PSD to lower sizes.  
  
 The exact concentration appropriate for a specific measurement system is a function of the specific 
system configuration as well as the width of the particle size distribution.  There are many more individual 
particles in a given mass of fine particulates than there are in a similar mass of coarse particulates. In 
general, the finer the particles and the narrower the distribution the lower the concentration needs to be to 
avoid multiple scattering.   
 Most instruments monitor either obscuration or transmission of the incident beam as a means of judging 
the likelihood of multiple scattering. The guidance given in an instrument manual with respect to the upper 
bound of the obscuration window is general in nature.   An obscuration nearing 10%, or 90% transmittance, 
is typically used for oil sands solids measurements but the analyst may determine experimentally the 
concentration of particulates at which this multiple scattering affects the particle size distribution in a 
significant manner. 
 

1. Select a sample of oil sand solids which has approximately 60% -75% of its particles sized as 
less than 44 microns.   

2. Riffle the sample into a series of containers such that the contents of a combination of three 
single containers blended when dispersed and measured will result in an obscuration of ~3 or a 
transmittance of 97%. 

3. Measure/record the obscuration (transmittance) of the blend of these first three containers and 
record the resultant PSD. 

4. Make another measurement of a blend of four containers; noting both the resultant obscuration 
(transmittance) and the resultant PSD. 

5. Continue making blends and measurements until you have recorded obscurations from 3 
through 20, or 97 through 80% transmittance with the resultant PSD curves . 

6. Plot determined %<44 microns as a function of obscuration; %<5 microns as a function of 
obscuration and %<0.5 microns as a function of obscuration.   

7. Select an appropriate range of obscuration values such that the PSD determined is stable and 
does not show signs of either multiple scattering nor poor signal to noise ratios. 

This acceptable range may be applied to the measurement of PSD of oil sand solids.  

 
  

10.5-A-4 MINIMUM SUB SAMPLE MASS TO BE ASSAYED 
 

The table below is the minimum sample mass to be measured based on the top nominal particle size 
in the sample. For detailed discussion and calculations, please refer to APPENDIX B: Minimum Sample 
Mass Discussion.   
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Table 6. Minimum Representative Sub Sample Mass Required 
 

Minimum 
Representative 

Subsample Mass 
As per ISO 14488 

considerations 
g 

Maximum 
Allowable 

Particle Size, 
microns 

0.27 500 
0.73 710 
1.88 1000 
4.77 1400 
8.13 1700 

12.77 2000 
 

 
10.5-A-5 INSTRUMENT SET-UP 
 

• The instrument should be setup in accordance with manufacturer’s guidelines 

• The instrument should be located on a stable, rigid bench in an area where temperature 
fluctuations are minimal (less than ±1 °C). 

• Consideration must be made for sufficient warm-up time, properly aligned optics, clean optics, 
lack of condensation, lack of bubbles, and no segregation of particles in the flow path. 

• Ensure that the recirculation flow rate is sufficient to prevent settling of the larger particles in any 
part of the water flow path 

• Set up desired user sizes within the instrument software. 

• Create an internal instrument method with operational parameters that will be used with all oil 
sands derived solids.  Automatic “Offsets” or “Align” functions should be set to run before start 
and at minimum every 90 minutes thereafter while running.  

• Ensure that the instrument is correctly functioning as per instrument manufactures specifications 
when used to analyze a traceable spherical certified standard of beads in a size range between 
1 micron and 100 microns. 

10.5-A-6 RUNNING SAMPLES 
 

1. Turn on the instrument and allow it to warm up according to instrument specification. 

2. Turn on the computer and open the instrument software. 

3. Measure the background.  If the background signal is too noisy take appropriate action to correct by 
either running micro90 solution through the system followed by sufficient rinses to avoid bubble 
formation or, by removing the cell windows for cleaning in accordance with the manufacturer’s 
instructions.  Replace cell windows when necessary. 

Note:  The background is measured for each sample.  Each instrument will 
have different inherent background signals based on the optical 
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components.  The background QC limits for each instrument must be 
chosen carefully such that a clean system will pass very often, but a system 
in poor condition will fail, such as when the following issues arise: (1) coarse 
solids from the previous sample were not fully rinsed away, (2) the 
recirculator water is dirty or contains fine bubbles, (3) the optical 
windows/lenses are dirty. Also, visually compare the background against a 
known acceptable reference background to help identify potential issues.  
Make sure that the background is within the established limits specific to 
each instrument before analyzing every sample.  

 
4. Quantitatively transfer the dispersed subsample directly into the instrument recirculator water.  All of 

the material in a single dispersion container selected for analysis must be added to the recirculator in 
order to ensure a representative sub-sample.   

Note:  Do not pour from an elevated height above the water surface to avoid 
entraining air bubbles.  Rinse the beaker with non-pressurized (de-gassed) 
water using a gentle spray to minimize splashing.  

 
5. Observe that the obscuration/transmittance is in the acceptable range.  If the obscuration is below 

acceptable range (transmittance above acceptable range) then a second sub-sample may be 
obtained and dispersed by methods described herein and added to the recirculator.   

6. Abort the run if the obscuration/transmittance exceeds the concentration boundary. 

Note:  Do not add more water to the recirculator to bring the obscuration 
down to an acceptable level because of potential bubble entrainment, 
inadequate mixing, or automatic tank level drop. 

 
7. Verify that there is no material being reported above the maximum particle size limit associated with 

the minimum representative subsample requirements arising from fundamental error considerations 
– see Appendix B.  It may occur that due to the restriction in obscuration values the sample mass 
required to be used will be so small that the entire particle size range cannot be measured.  The 
particles above the ‘top size’ limit must be removed.  Runs which report particles above the 
maximum size must be aborted.  New runs must be carried out that ‘top size’ the subsample first as 
discussed in Appendix B.  Typically, this ‘top sizing’ is achieved by wet sieving the dispersed 
material through a 3 inch sieve of appropriate opening size into the recirculation system and then 
determining how much material was retained on the sieve to allow correction of the data generated.  

8. Optimize sample data acquisition (measurement) settings according to manufacturer’s instructions 
and set the background data acquisition (measurement) settings to the same value 

 
9. Set the number of measurements per aliquot to 3.  Remember to leave a wait time between sample 

addition and data collection to allow for the sample solids to thoroughly mix within the recirculating 
system.   

10. Press the Drain button to automatically drain and fill the recirculator a minimum of 3 times to clean 
the system before the next background is run prior to analysis of the next sample. 
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11. Export the result into user friendly format such as an Excel file. 

12. Account for any particles sizes removed via sieve or if lost in the Dean Stark cleaning process – see 
CALCULATIONS 

10.5-A-7 CARE AND MAINTENANCE 
Note: Additional information is available in the instrument manual.  All manufacturers’ recommendations 
should be followed. 
 

• Inspect the external recirculator filters for discoloration. Replace as needed.  

• Do not exceed a water supply pressure of 28 psi. 

• Verify and optimize the operation of the circulation pump, debubbling functions and cell rinsing 
and drainage operations on a routine basis using an acceptable QC sample (e.g. Fullers earth or 
traceable glass beads less than 40 microns in size) 
 

• Qualified service personnel should service the instrument at regular intervals as specified in the 
manual. 

 
10.5-A-8 CALCULATIONS 
 
 The required calculations are performed automatically by the instrument software.  Consult the 
instrument manual for more details on these calculations.   
The following corrections must be accounted for: 
 

1. Materials lost through the extraction thimble. 

The material which passes through the extraction thimble is all less than nominally 11 microns.  
For the purposes of generating data regarding the amount of material present less than 44 
microns the weight % of the solids which passed through the thimble need to be accounted for in 
the mass of material less than 44 microns.  
 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝑅𝑅𝑇𝑇𝐶𝐶𝐶𝐶 𝑤𝑤𝑇𝑇% 𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑠𝑠𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑇𝑇𝑐𝑐 =   100 �

𝑐𝑐𝑇𝑇𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑇𝑇𝑐𝑐𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓 𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑠𝑠𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑇𝑇𝑐𝑐
𝑇𝑇𝑇𝑇𝑇𝑇𝑚𝑚𝑇𝑇 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓 𝑚𝑚𝑇𝑇𝑇𝑇𝑠𝑠𝑑𝑑𝑚𝑚 𝑚𝑚𝑚𝑚 𝑑𝑑𝑐𝑐𝑇𝑇𝑐𝑐𝑑𝑑𝑚𝑚𝑠𝑠𝑐𝑐𝑐𝑐𝑑𝑑 𝑎𝑎𝑑𝑑 𝐶𝐶𝑐𝑐𝑚𝑚𝑐𝑐 𝑅𝑅𝑇𝑇𝑚𝑚𝑑𝑑𝑆𝑆 �         

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝑅𝑅𝑇𝑇𝐶𝐶𝐶𝐶 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓  𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑠𝑠𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑇𝑇𝑐𝑐
= (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓 𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑐𝑐𝑝𝑝 𝑇𝑇ℎ𝑠𝑠𝑚𝑚𝑎𝑎𝑇𝑇𝑐𝑐)  
+ (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑑𝑑𝑚𝑚𝑐𝑐𝑇𝑇𝑠𝑠𝑇𝑇𝑐𝑐 𝑇𝑇𝑓𝑓 𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑚𝑚𝑚𝑚 𝑑𝑑𝑐𝑐𝑇𝑇𝑐𝑐𝑑𝑑𝑚𝑚𝑠𝑠𝑐𝑐𝑐𝑐𝑑𝑑 𝑎𝑎𝑑𝑑 𝐿𝐿𝐶𝐶 𝑇𝑇𝑐𝑐 𝑑𝑑𝑐𝑐𝑐𝑐𝑇𝑇𝑎𝑎𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 𝑚𝑚𝑇𝑇𝑇𝑇𝑠𝑠𝑑𝑑𝑚𝑚) (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓 𝑑𝑑𝑐𝑐𝑐𝑐𝑇𝑇𝑎𝑎𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 𝑚𝑚𝑇𝑇𝑇𝑇𝑠𝑠𝑑𝑑𝑚𝑚)       

 
 

 
2. Materials removed as oversize through the use of sieves.  

Treat the whole sample before sieving or rock removal as 100 
Subtract the percent of sieved out material.  
Apply this to all % below user sizes selected: 
 
 

% 𝑎𝑎𝑐𝑐𝑇𝑇𝑇𝑇𝑤𝑤 𝑚𝑚𝑠𝑠𝑠𝑠𝑐𝑐 =
(100 − %𝑑𝑑𝑐𝑐𝑚𝑚𝑇𝑇𝑎𝑎𝑐𝑐𝑑𝑑 𝑎𝑎𝑑𝑑 𝑚𝑚𝑠𝑠𝑐𝑐𝑎𝑎𝑐𝑐) × 𝐿𝐿𝐶𝐶𝑑𝑑𝑐𝑐𝑠𝑠𝑇𝑇𝑑𝑑𝑇𝑇%𝑎𝑎𝑐𝑐𝑇𝑇𝑇𝑇𝑤𝑤 𝑚𝑚𝑠𝑠𝑠𝑠𝑐𝑐

100
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10.5-B SIEVE MEASUREMENT OPTIONS 
 
There are a few options with respect to performing the sieve measurements.  The options provided are: 
 

• If determining the weight percent of fines only, move to the wet sieve section below ( 
• WET SIEVE PROCEDURE). This procedure will enable an evaluation of the >44 and <44 micron 

particle sizes. 
• If proceeding with sieve and laser under 44 micron, consult the following sections: 

o Wet sieve (10.5-B-3)  
o Slurry sampling of the less than 44 micron fraction (10.5-B-4) 
o Laser measurement section (10.5-A) 
o Dry sieve section (10.5-B-5).  

This procedure will enable a detailed assessment of the >44 and <44 micron particle size 
distribution. 

Note: This procedure is preferred for small reservoir Laser Diffraction systems to help overcome 
possible issues with sample concentration within the Laser Diffraction instrument when a 
large distribution in particle sizes are to be measured. (See APPENDIX B: Minimum Sample 
Mass Discussion).   

 
Figure 2. Diagram of Sieve Measurement Choices 
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10.5-B-1 APPARATUS, REAGENTS, MATERIALS:  
 

• Analytical Balance  
• Ultrasonic bath for cleaning 
• Oven 
• Mechanized sieve shaker 
• Sieve series US standard:  

o No. 10 (200 microns) 
o No. 18 (1000 microns) 
o No. 20 (850 microns) 
o No. 35 (707 microns) 
o No. 40 (425 microns) 
o No. 45 (354 microns) 
o No. 60 (250 microns) 
o No. 80 (177 microns) 
o No. 120 (125 microns) 
o No. 140 (106 microns) 
o No. 200 (74 microns) 
o No. 325 (44microns) 

• Bottom sieve collection tray 
• Beakers of appropriate size 
• Turbidity meter 
• Thermometer 
• 1000ml graduated cylinder 
• Timer 
• Wash bottles 
• Rubber Policeman on glass rod 
• Overhead mixer 
• Disposable syringe or pipette 
 

 
 
10.5-B-2 SIEVE LOADING CONSIDERATIONS 
 
There are a number of considerations involved in the selection of an appropriate subsample mass for 
sieving.  The charge for testing purposes depends upon size of the sieve apertures, the cross sectional area 
of the sieve, the particle size distribution of the charge and the bulk density of the material.  In addition, 
There is a maximum size of particle which can be loaded onto a sieve cloth before damage to the cloth is 
probable. 
 
 

Maximum particle size  
 
It is recommended by ISO, ASTM and BS that the largest particle placed on a sieve cloth to avoid 
damage to the cloth is related to the aperture size A (size in millimeters) by the following: 

 
𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑚𝑚𝑑𝑑𝑇𝑇𝑠𝑠𝑐𝑐𝑇𝑇𝑐𝑐 𝑚𝑚𝑠𝑠𝑠𝑠𝑐𝑐 𝑠𝑠𝑐𝑐 𝑚𝑚𝑠𝑠𝑇𝑇𝑇𝑇𝑠𝑠𝑚𝑚𝑐𝑐𝑇𝑇𝑐𝑐𝑑𝑑𝑚𝑚 = 10(𝐴𝐴)0.7 

 
Therefore for a screen with 44 micron openings the maximum size of a particle loaded onto the sieve 
should be 1200 microns. 
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Sample Loading Considerations 

Table 7 shows the appropriate sample loading for sieves of various mesh openings and diameters.  
This loading is based on scaling the surface area of the sieve cloth in the various sieves.  This is the 
maximum mass of material on any individual sieve to avoid overloading.  Overloading will result in retention 
of material on the sieve which should have passed and thus result in an underestimation of the fines 
content. 

 
 

Table 7.Appropriate Maximum Sample Loading for Sieves 
 

Mesh Size (microns) 3 inch Diameter Sieve 8 inch Diameter Sieve 12 inch Diameter Sieve 
 Maximum mass retained 

(g) 
Maximum mass retained 
(g) 

Maximum mass retained 
(g) 

2000 25 180 410 
850 16 115 260 
425 10 75 170 
250 8 60 135 
150 6 40 90 
106 4 30 70 
75 3 20 50 
44 2 12 27 

    
 
10.5-B-3 WET SIEVE PROCEDURE 
 

1. Inspect the 325-mesh sieve under magnifying lens to ensure that it is in good condition.  If the 
mesh is stretched or otherwise damaged, replace this sieve with one that is in good condition. 

2. Weigh the clean and dry 325-mesh sieve and record the mass. 

3. Weigh the sieve collection pan and record the mass. 

4. If there is material retained on the 2000 micron screen used in the disaggregation step, then a 
guard sieve is required.  Use a 1190 micron (16 mesh) guard sieve stacked above the 44 micron 
(325-mesh) sieve.  This is to protect the 325 mesh screen from being blocked and stretched by 
large particles.  Record the mass of the guard sieve. 

 
5. Stir the freshly dispersed subsample prepared in the preceding dispersion section. If boiling was 

the selected dispersion technique, the sample should be allowed to cool to < 30 °C but should 
not be allowed to re-agglomerate by sitting longer than 2 hours.  A chiller or ice bath may be 
used to cool the sample. 
 

6. Start a timer set at 2 minutes and let the sample settle. 
 

7. Pre-wet the sieve with by spraying a small amount of water across the surface of the sieve. 
 

8. After the 2 min settling period, decant the fluid portion of the sample onto the sieve guiding the 
liquid with a rubber tipped policeman. 

 
9. Add IPA over the material in the sieve to break the surface tension if the slurry pools on top of 

the sieve and allow the fines laden liquid to flow through.  Up to 30 ml of IPA may be used. 
 

10. Add 50 to 100 mL of water to the sample in the beaker and stir sample with the rubber 
policeman. 
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11. Start the timer and allow the sample to settle for 1 min. 
 

12. Decant the remaining fluid part of the sample in the beaker over the sieve. 
 

13. If the supernatant is still muddy, repeat the water addition and stirring using 30 seconds to settle. 
This step should be repeated until the supernatant is just cloudy. 

 
14. Quantitatively transfer the coarser settled material on to the sieve using an inverted wash bottle 

with the tube removed from the base of the cap. 
 

15. Rinse the sieve with water.  If a guard sieve was used rinse the guard sieve well and remove it 
from the sieve stack.  The guard sieve must be dried and weighed so that the mass % of 
material retained on this guard sieve can be determined and used in the final calculations. 

 
16. With the 325 mesh sieve held at a 20 – 30 degree angle over the receiving pan, wash the sieve 

by rotating it 180 degrees radially while adding water with a normally configured wash bottle 
(tube attached to cap) until the under washings are clear. 

17. Collect the last 100 mL of washings from the 325 mesh sieve and determine the turbidity of the 
sample to confirm that the washings are “clear’.  The solution coming through the 325 mesh to 
be less than 45 NTU. 

 
18. Do not touch the sieve. 

Note:  If there is difficulty getting the sample to drain through the 325 mesh consider whether 
the sample has been adequately dispersed or if the sample loading on the sieve is 
appropriate. 
 

19. Oven-dry the 325 mesh sieve (and the 16 mesh sieve if used)  at 75 ± 5 °C for at least 3 hours 
to allow determination of the dry weight of solids retained on the top of the sieves.  
 

Note:  The drying temperature for test sieves should not exceed 80°C.  At higher 
temperatures the fine metal gauze sieves in particular could become distorted, the gauze 
tension in the sieving frame could be reduced and the sieve could become less effective 
during the sieving process.  

 
20. Remove the 325 sieve and its contents from the oven. 

 
21. Cool the 325 sieve and solids to room temperature. 

 
22. Weigh the 325 sieve (and the 16 mesh sieve if used)   and record.  These values will allow 

calculation of the fraction of the sample solids greater than 44 microns.  The weight of the -44 
µm fraction is done by difference. 

 
 After wet sieving, the sample fractions so isolated may be used for further analysis if desired. One 
option is sampling the resultant slurry of less than 44 micron material to allow analysis by Laser Diffraction 
for the purposes of determining particle size distribution of the below 44 micron fraction.  The slurry sampling 
step is described below. 
. 
 
 
10.5-B-4 SLURRY SAMPLING OF THE < 44 MICRON FRACTION (FOR THE PURPOSES 

OF LASER DIFFRACTION MEASUREMENT) 
Note: This slurry sub sampling step can only be done on slurries which contain no material 
larger than 50 microns. 
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1. Transfer the material less than 44 micron that washed through the 325 sieve quantitatively to a 
suitably size beaker or other appropriate container. 

2. Insert a 45°pitched blade impeller from an overhead stirrer and slowly ramp up the rpm until it 
reaches approximately 1725rpm± 25rpm.  The rpm may be adjusted to create and maintain a 1½” – 
2” vortex. An impeller mixer is preferred to ensure the particles are moving vertically as well as 
horizontally to ensure the sample aliquot is representative. 

3.  Remove a suitably small increment (e.g. 0.5 mL) of the slurry ~2 cm below the surface using a 
disposable pipette with a minimum 1 mm opening.  Add this aliquot directly to the laser diffraction 
instrument reservoir. 

4. Observe the obscuration or transmittance shown on the laser diffraction instrument display window.   

5. Continue to remove small increments of the slurry while it is in motion; adding these to the 
recirculator until the obscuration or transmittance reaches the manufacturers specified optimum 
range.  Remember that each aliquot so withdrawn must be added to the reservoir in its entirety. 

Note: The volume of the slurry sampled will be related to the volume recovered from the wet 
sieving step. It is preferred that a minimum of 5 aliquots be slurry sampled to obtain the 
desired obscuration or transmittance value on the laser instrument 

6. Start the measurement.  Follow the instructions in the laser diffraction measurement section. 

7. Abort the measurement if upon addition of the <44micron slurry if the obscuration exceeds the 
manufacturer recommended range. 

10.5-B-5 DRY SIEVE PROCEDURE 
 
 This procedure is applicable to the sieve sizing of greater than 44 micron sized material.  Any  
resultant value for material of the less than 44 micron fraction obtained from this procedure should not be 
reported.   
 

1. Disaggregate the oven dried solids retained on the 325 mesh sieve gently with a mortar and pestle. 

2. Inspect standard sieves and receiving pan to ensure that they are not clogged, damaged or 
punctured.  Clean or replace if necessary. 

3. Weigh and record the mass of the receiving pan. 

4. Weigh and record the mass of each sieve to be used. 

5. Stack the desired sieves on top of the receiving pan ranging from the 325 mesh sieve at the bottom 
and moving up in size sequentially ending with the largest sieve at the top. The sieves in the stack 
should have openings which can be described with a regular mathematical relationship.  The two 
most commonly used relationships are the √2 relationship and the 4√2 relationship.   

6. Weigh and record the mass of the dried solids.   

7. Pour the solids over the top of the stacked sieves carefully. 
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8. Place the sieve stack on the shaker and clamp the stack together with the sieve holder. Shake the 
appropriate time and settings such that an additional minute of sieving results in a change in weight 
reporting to any sieve of less than 1% 

9. Remove the sieve stack (with pan) from the shaker. 

10. Place the stack on the lab bench and rotate the stack 90 degrees, 4 times; each time slightly tapping 
the sieve with the hand from top to the bottom to ensure that all particles smaller than the openings 
of the mesh pass through. 

11. Re-weigh each sieve (with retains) on the scale and record each of the weights. 

10.5-B-6 CARE AND MAINTENANCE 
 

Fine mesh sieves are delicate and prone to stretching and damage which affects their accuracy. 
When using or cleaning sieves; 

• Never push or force material through a sieve. 
 

• When cleaning, only brush or wash from the bottom side; the opposite direction of solid flow. 
 
• Weekly, any sieve seen to contain trapped solids, is to be inverted in an ultrasonic bath filled 

with water, non-foaming surfactant and sonicated for 5 minutes. 

 

10.5-B-7 CALCULATIONS 
 

Cumulative percent retained (sieve) = 100
)(.

)(.
×∑

gmasstotal
gretainedmass

  

𝑾𝑾𝑾𝑾 % 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 𝑾𝑾𝒕𝒕𝒕𝒕𝒕𝒕 𝟒𝟒𝟒𝟒 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒕𝒕𝒍𝒍 = 100- percent retained on 325 mesh sieve during the wet sieve step- 
percent retained on guard sieve if used. 

 
The following corrections must be accounted for: 
 

1. Materials lost through the extraction thimble. 

The material which passes through the extraction thimble is all less than nominally 11 microns.  
For the purposes of generating data regarding the amount of material present less than 44 
microns the weight % of the solids which passed through the thimble need to be accounted for in 
the mass of material less than 44 microns.  
 

𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝒘𝒘𝑾𝑾% 𝒇𝒇𝒎𝒎𝒕𝒕𝒍𝒍𝒍𝒍 𝒎𝒎𝒕𝒕 𝒍𝒍𝒕𝒕𝒎𝒎𝒔𝒔𝒍𝒍𝒍𝒍 =   100 �
𝑐𝑐𝑇𝑇𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑇𝑇𝑐𝑐𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓 𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑠𝑠𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑇𝑇𝑐𝑐

𝑇𝑇𝑇𝑇𝑇𝑇𝑚𝑚𝑇𝑇 𝑤𝑤𝑇𝑇 𝑇𝑇𝑓𝑓 𝑚𝑚𝑇𝑇𝑇𝑇𝑠𝑠𝑑𝑑𝑚𝑚 𝑚𝑚𝑚𝑚 𝑑𝑑𝑐𝑐𝑇𝑇𝑐𝑐𝑑𝑑𝑚𝑚𝑠𝑠𝑐𝑐𝑐𝑐𝑑𝑑 𝑎𝑎𝑑𝑑 𝐶𝐶𝑐𝑐𝑚𝑚𝑐𝑐 𝑅𝑅𝑇𝑇𝑚𝑚𝑑𝑑𝑆𝑆
 �         

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝑅𝑅𝑇𝑇𝐶𝐶𝐶𝐶 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓  𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑠𝑠𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑇𝑇𝑐𝑐
= (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓 𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚𝑠𝑠𝑐𝑐𝑝𝑝 𝑇𝑇ℎ𝑠𝑠𝑚𝑚𝑎𝑎𝑇𝑇𝑐𝑐)  
+ (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑑𝑑𝑚𝑚𝑐𝑐𝑇𝑇𝑠𝑠𝑇𝑇𝑐𝑐 𝑇𝑇𝑓𝑓 𝑓𝑓𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚 𝑚𝑚𝑚𝑚 𝑑𝑑𝑐𝑐𝑇𝑇𝑐𝑐𝑑𝑑𝑚𝑚𝑠𝑠𝑐𝑐𝑐𝑐𝑑𝑑 𝑇𝑇𝑐𝑐 𝑑𝑑𝑐𝑐𝑐𝑐𝑇𝑇𝑎𝑎𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 𝑚𝑚𝑇𝑇𝑇𝑇𝑠𝑠𝑑𝑑𝑚𝑚) (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑓𝑓 𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑇𝑇𝑎𝑎𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 𝑚𝑚𝑇𝑇𝑇𝑇𝑠𝑠𝑑𝑑𝑚𝑚)       
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COSIA 
 

DETERMINATION OF BITUMEN, WATER AND SOLIDS CONTENT 
OF OIL SAND PROCESS SAMPLES BY EXTRACTION 

(Dean Stark) 
 

APPENDIX A  Dean and Stark Method 
 
SCOPE 

This method is used to determine the amount of bitumen (oil), water and solids (O/W/S) in a variety 
of oil sand processing streams. It may also be used to prepare solids originating from these samples 
for further analysis such as Particle Size Determination.  Sample size for this method is limited to 
between 40 and 140 grams. 
 

SUMMARY 
 

A weighed sample is separated into bitumen, water and solids by refluxing toluene in a Dean & Stark 
Soxhlet extraction apparatus.  Condensed solvent and co-distilled water are continuously separated 
in a trap designed to recycle the toluene through the extraction thimble, dissolving the bitumen 
present in the sample, while the water is retained in the trap for determination.  This determination 
may be done either volumetrically or gravimetrically.   
 
When all the bitumen has been extracted, the washed solids that are retained in the thimble are 
dried and weighed.   
 
The resulting bitumen/solvent extract and non-filterable solids fraction is separated by centrifuging or 
by micro-filter filtration. An aliquot of bitumen/solvent extract without the solids fraction is dispersed 
on a filter paper allowing evaporation of the solvent and gravimetric determination of the bitumen 
content 
 
 

BACKGROUND 
 

The Dean & Stark extraction method has long been used to measure the oil, water, and solids 
content of oil-containing samples.  Dean & Stark extraction is based on Soxhlet extraction, which 
was first proposed by Franz Ritter von Soxhlet in 1879 for the determination of milk fat, and has 
become the benchmark solid-liquid extraction technique (Soxhlet, 1879).   In 1920, a water trap was 
described by Dean & Stark (Dean & Stark,1920) for the co-distilled water to be separated from the 
boiling solvent and subsequent measurement.  A combination of the extraction thimble and recycled 
hot solvent of the Soxhlet extractor with the water trap of Dean & Stark is the basis of the currently 
used extraction apparatus and method. 
 
The Dean & Stark method was first evaluated for use by Cities Service Athabasca Inc. (now 
Syncrude Canada Ltd.) in 1962, and by 1964 it became the routine method for analyzing core 
samples. 
 
Variations of the Dean & Stark method were developed to analyze other sample-types, including 
extraction froth and tailings streams (Syncrude Canada Ltd., 1979).   
 
Over time, the Dean & Stark method has been refined and has become the industry standard 
reference method for measuring bitumen, water, and solids in a variety of oil sands samples, 
including ore, slurry, froth, middlings, tailings, and froth treatment streams. 
 
A significant advantage of the Dean & Stark method is that the bitumen, water, and solids are 
physically separated and individually measured, typically through weighing.  The weight of the 
measured bitumen + water + solids content typically agrees very well with the original sample weight 
(see Table A-1) 
 
While the Dean & Stark method enjoys widespread acceptance, it is important to note that the 
method as practiced was optimized to analyze typical oil sands core, extraction, froth treatment and 

  
 Page 37 of 57 

ISSUE DATE:                  ACOSA 1983  
REVISION DATE:     November 1, 2014 COSIA FMWG 



COSIA 
 

DETERMINATION OF BITUMEN, WATER AND SOLIDS CONTENT 
OF OIL SAND PROCESS SAMPLES BY EXTRACTION 

(Dean Stark) 
 

tailings samples that contain primarily bitumen, water, solids, and sometimes naphtha.  
Consideration should be given as to where high concentrations of diluent, process aids or other 
additives would report.  Caution is required when using this technique for samples which have 
additives or diluents present.   
 

REPORT FORMAT AND REPORTING LIMITS 
The results are reported as bitumen, water and solid content as weight % to the nearest 0.01% 
along with the mass balance achieved for the sample.  
 

PRECISION, ACCURACY AND QUALITY CONTROL 
 

Precision and Accuracy:  The precision of this determination is illustrated below.   Table A-1 contains 
typical mass balance ranges for a variety of sample types which may be assayed by this method.  Typical 
values relating the precision of the determination for some example oil sand grades are tabulated in Table A-
2 below.  Each data set was derived from the analysis of 10 replicate subsamples following homogenization 
of a larger quantity of oil sand.  Hence, precision values indicated include the variance due to subsampling.  

 
Method Repeatability: 
 
Table A-1: Mass Balance Limits for OWS Analyses 

Sample Type Acceptable Mass Balance Range 
Middlings 99.00% - 101.00% 
Oilsand 99.50% - 100.25% 

 Primary/Secondary  Froth 98.00% - 101.00% 
Reject 99.50% - 100.25% 

  
Tailings 98.00% - 101.00% 

  
 Froth Treatment Feed/Product (contains 

diluent) 
99.00% - 101.00% 

Froth Treatment Tailing (contains diluent) 99.00% - 101.00% 
 

Table A-2: Precision Estimates for Oil Sand Samples 
    
 Mean Value Standard Deviation Relative Standard Deviation 
 Weight % Weight %  

Oil Sand 1    
Bitumen 9.00 0.11 1.23 
Water 3.57 0.16 4.43 
Solids 87.28 0.17 0.19 

    
Oil Sand 2    
Bitumen 8.36 0.25 3.05 
Water 4.80 0.16 3.37 
Solids 86.68 0.20 0.23 

 
Quality Control: 

The mass balance is monitored and reported along with the results.  
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SAMPLE CONSIDERATIONS 

Destructive:  Yes 
Amount required:  40 to 140 g.  Sample must fit entirely into extraction      thimble.  

 Interferences:  Humidity can affect the mass of materials 
 Remaining Sample: The isolated bitumen and water should be considered as hazardous waste. 
   The isolated clean dry solids may be used for further analysis; otherwise 

they should be appropriately disposed of. 
SAFETY CONSIDERATIONS 
This method does not purport  to address all of the safety concerns, if any, associated with its use. It is the 
responsibility of the user of this method to establish appropriate safety and health practices and determine 
the applicability of regulatory limitations prior to use.  
Below are some general safety considerations: 
 

• Before handling any chemical you must read and understand the appropriate Material Safety Data 
Sheet (MSDS). 

• Toluene - Flammable, flashpoint 4oC.  Harmful vapor; irritates eyes and mucous membranes, may 
cause dizziness, headache, nausea and mental confusion.  Liquid can be absorbed through skin.  
Liquid may cause dermatitis.  All manipulations involving toluene solutions should be carried out in a 
fume hood. 

• Bitumen – Flammable, flashpoint 166 oC (Cleveland Open Cup).  May contain compounds exhibiting 
carcinogenic properties. 

• Work in fume hood/well-ventilated area. 
• Glassware - Due to its nature, glassware is easily broken and poses a cut hazard.  Handle 

glassware with respect avoiding excessive force and keeping your hands and body out of the “line-
of-fire”.  Replace chipped, scratched or damaged components as soon as possible.  Consider cut 
resistant gloves (double glove with chemical resistant gloves when appropriate) for higher risk 
activities (e.g. applying higher than finger-tip force, handling wet or slippery glassware, etc.).  In the 
event of breakage, please ensure that all chips and shards (big and small) are carefully and 
thoroughly removed and disposed of in a “broken glass bin”. 

• Kettles may crack during the extraction - glassware should be checked before use.   
 
APPARATUS, REAGENTS, MATERIALS 
 
The assembled extraction apparatus is shown schematically in Figure 1 (modified from Bulmer and Starr 
(Syncrude Canada Ltd, 1979).  All of the dimensions given are for use with 43 x 123 mm cellulose extraction 
thimbles.  It is necessary to scale the equipment for use with other thimble sizes.   
 
Apparatus 
 

• Condenser - A straight tube condenser having a jacket at least 400 mm long with a 24/40 standard 
taper joint. (West type condenser specified in ASTM E123 (2007) is most suitable). 

• Water traps* - Graduated traps of 10, 25 or 50 mL capacities or a drain-type trap, having 24/40 
standard taper joints.  Designs are similar to those described in ASTM E123(2007)  See Appendix A-
1 for specifications. 

• Kettle* - A heat resistant glass vessel having a nominal capacity of 500 mL and a 250 mm minimum 
neck length (including a 55/50 standard taper female joint to accommodate adapter) for use with 
43X123 mm extraction thimble.  For use with the larger 60X180 mm thimbles the nominal capacity 
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must be increased to 1000 mL and a 250 mm minimum neck length (including a 103/60 standard 
taper female joint to accommodate adapter) 

• Kettle-to-Trap Adaptor* - When used with the 43X123 mm thimble this has a 55/50 standard male 
joint with a perforated downcomer extending below the ground glass surface.  The upper part of the 
adapter is fitted with a 24/40 standard taper female joint. When used with the 60X180 mm thimble 
this has a 103/60 standard male joint with a perforated downcomer extending below the ground 
glass surface.  The upper part of the adapter is fitted with a 24/40 standard taper female joint.  

• Thimble Basket# - A corrosion resistant basket to support the thimble.  Fabricated from 1.5 mm 
diameter nichrome or chromel wire using a silver solder bottom joint (see Figure 2). 

• Solvent Distributor# - A corrosion resistant screen (mesh 8) to snugly fit over the open end of the 
thimble (see Figure 3). 

• Heating mantle - 250 Watt, Glas-col, to fit either a 500 mL or a 1000 mL kettle 
• Variacs or temperature controllers. 
• Metal thimble holders and metal baskets.   
• Centrifuge – capable of generating a relative centrifugal force of 1250.  (suitable for use with 

flammable hydrocarbons) 
• Drying oven –, set at 100°C (rated for use with flammable hydrocarbons) 
• Balances: 

- Top loading balance: 810 g capacity, ±0.001 g (1 mg) 
- Analytical balance: 220 g capacity, ±0.0001 g (0.1 mg) 

* denotes articles obtained from a glassblower 
# denotes custom made articles 

Reagents 
 

• Toluene:  reagent grade  
 
Materials 
 

• Extraction thimble - 43 x 123 mm cellulose thimble, single thickness (1 mm wall thickness and 10.0 
µm nominal particle retention; Whatman, Cat. No. 2800432) OR 60 x 180 mm cellulose thimble, 
single thickness (1 mm wall thickness and 10.0 µm nominal particle retention (Whatman Cat. No. 
2800-608) 

• Tissue wipes - 11 x 21 cm (VWR Cat. No. 82003-820) 
• Centrifuge tubes (c-tubes) - 100 mL, conical, graduated (Fisher, Cat. No. 05493) 
• Volumetric flasks - 250 mL, Class A 
• Filter papers - Glass microfibre filters, 15.0 cm diameter, Whatman grade 934-AH 
• Volumetric pipette and bulb - 5 mL 
• Volumetric pipette and bulb - 100 mL 
• Syringe, 50 mL 
• Disposable Whatman syringe filters - 0.45 µm, 25 mm GD/X (Cat. No. 6875-2504) 
• Erlenmeyer flasks - 25 mL with stoppers 
• Metal funnel 
• Tweezers 
• Desiccator complete with desiccant 
• Metal spatulas 
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• Watch glass – diameter 14 cm  
• Timer with a second hand 

 
PROCEDURE 
 
The detailed procedural steps are based on the apparatus presented in Figure 1.  It is acknowledged that 
other minor equipment variations may be acceptable. 
  
 PRELIMINARY PREPARATION: 

1. Check all glassware for cracks. 
2. Prior to use, insert four tissue wipes into each thimble.  Only new, unused thimbles are to be used.   

Dry these for one hour at 100°C. Remove from oven and store in a desiccator.  Place dried thimble 
with kimwipes into holders and weigh to the nearest 1 mg.  Store in desiccator until needed. 

3. Dry cleaned centrifuge tubes for one hour at 100°C in oven, store in a desiccator. Weigh to the 
nearest 0.1 mg prior to use. 

4. Dry the glass fiber filters by placing an open box of filters in an oven at 100°C for two hours. Cool the 
filters in a desiccator.  Number the filters with a pencil and weigh to the nearest 0.1 mg. 

5. Fill the kettles with toluene to just below the heating mantle level, approximately 200 to 300 mL in 
the 500 mL kettle OR 300 to 450 mL in the 750 mL kettle. 

6. Weigh the sample and bottle to the nearest 1 mg.  
   

SAMPLE HANDLING: 
 
 Loading the Sample into the Extractor 
 

1. Turn on the water to the condensers. 
2. Remove the weighed thimble holders with thimbles and kimwipes from the desiccator and place in 

front of the appropriate extractor kettle number at most 10 minutes before loading begins. 
3. Remove the tissue wipes and place the thimble in its support basket.  . 
4. Mount the thimble and basket in the neck of the kettle by spreading the basket's attaching wires. 
5. Quantitatively transfer the sample to the thimble using a spatula and washing with small amounts of 

toluene, wipe the jar and lid dry with the tissue wipes.  Ensure that there are no agglomerates in the 
sample greater than 0.25 inches in size since these may not properly extract during the assay 
process. 

6. Place the tissue wipes in the thimble. 
7. Cover the thimble with the “solvent distributor”, attach the thimble basket to the “kettle-to-trap 

adaptor” and lower the sample into place.   
8. Select the proper trap from Appendix A and assemble apparatus as shown in Figure 1, ensuring 

that all connections are vapor and liquid tight.  (Do not use grease on the ground glass joints.)  
9. Record the weight of the empty sample jar.  Determine the mass of the sample being extracted by 

difference. 
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NOTE: Dimensions shown are for use with 43 X 123 mm thimbles.  All equipment must be scaled for use 
with 60 X 180 mm thimbles. 
 
  
 EXTRACTING THE SAMPLE 

1. Reflux the sample extract at a rate that does not overflow the thimble.  Aluminum foil may be 
wrapped around the upper portion of the extraction apparatus to speed up the process and/or to 
ensure water does not condense in the side arm of the trap. 
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2. Continue refluxing for an additional 30 minutes after the water in the sample is completely 
removed from the sample and is collected in the trap. Before reading the water level or collecting 
water in a jar, add a small amount of toluene to the top of the condenser; thus washing any 
water droplets down into the trap. Check that solvent dripping from the thimble is colourless.  
Some samples may require more extraction time. Extraction times vary widely depending upon 
the amount of bitumen in the sample and upon the size of the agglomerates in the thimble.  
Typical extraction times are in the range of 3 to 10 hours.  The smaller 43X123 thimbles require 
less extraction time than the 60X180 thimbles. 

3. Drain the toluene from the traps until the level in the kettles is below the top of the heating 
mantle to ensure the volume is appropriate for easy transfer to a 250 mL volumetric flask in the 
case of use with the 43X123 mm thimbles OR a 500 mL volumetric flask in the case of the 
60X180 mm thimbles.  .  

4. Turn off power to each individual heating mantle. 

5. Check that solvent dripping from the thimble is colorless. 

 

 WATER MEASUREMENT 

1. Water measurements are taken after the collected water in the trap has reached a constant 
volume and the temperature of the collected water has equilibrated to room temperature.  This 
may be up to 45 min before the extractors are taken down. 

2. Ensure that the water in the sample has collected in the bottom of the water trap and that there 
are no droplets of water ‘hung-up’ on the glassware.  Obvious water droplets clinging to the walls 
of the sidearm after draining signal that the glassware used has not been adequately cleaned.   

3. Read the volume of water in the volumetric trap to within the maximum reading error (listed in 
Appendix A) and place it on the data sheet.  If using a drain trap, drain water into the weighed 
empty sample bottle and when all water has been collected and cooled to room temperature, 
record the weight of the bottle and water.  If desired, phase separating paper may be used to 
ensure that the solvent and water removed from the drain trap are adequately separated.   

 SOLIDS COLLECTION 
 

Remove aluminum foil if used and allow the thimble to “drip dry” until no more toluene is dripping 
from the thimble. 
 
Disassemble the apparatus.   

Remove the thimble from its support basket and return it to its original metal weighing holder. Place 
thimble in the fume hood for a few minutes to allow most of the toluene to evaporate before placing 
the thimbles in an oven rated for use with flammable hydrocarbon.  
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Weigh the dry thimble containing the solids to the nearest 1 mg the following morning after the 
sample has cooled in a desiccator to room temperature. 

If it is observed that the solids still contain bitumen, the extraction process is repeated until all of 
the bitumen has been removed. 

  
BITUMEN SOLUTION 
 
1. Transfer the bitumen/solvent solution (which may contain fine solids) to a 250 mL OR 500 mL 

volumetric flask, depending on the kettle size, rinsing with small portions of toluene. When cool 
to room temperature, dilute to volume.  (NOTE:  Volumetric glassware is calibrated at 20°C.) 
CAUTION: Bitumen/solvent solution and glassware maybe hot; wait for glassware to cool 
before handling. 
 

 FINES CORRECTION  
 
 Small amounts of very fine solids are known to travel through the thimble and report to the 
hydrocarbon solution in the kettle.  The mass of fines must be determined and added to the weight of the 
solids retained in the thimble when the mass of these fines is greater than ~0.5 grams.  Appendix A-2 
provides a discussion of these fines; it has been found experimentally that these fines are largely oil wet 
solids which are likely carried through the thimble by the hydrocarbon/solvent mixture.  Samples containing 
more than ~15 grams of bitumen ( as loaded into the thimble) have been found to allow enough solids to 
travel through the thimble to require a fines correction/centrifugation step (see Appendix A-2).  
 

1. Invert the stoppered volumetric flask containing the bitumen/toluene solution several times to 
suspend the fines present and immediately transfer 100 mL to a clean, dry, pre-weighed 100 mL 
centrifuge tube.   
 

2. Centrifuge with a relative centrifugal force of 1250 for 20 minutes to force the solids present to 
the base of the tube. 

3. Carefully discard the remaining solution (supernatant) in the centrifuge tube so as not to 
dislodge any particles, gently rinse the tube with toluene to remove all of the bitumen solution. 

4. Once rinsed, dry the centrifuge tubes and fine solids in the drying oven (rated for flammable 
hydrocarbon use) at 100°C for a minimum of one hour. 

5. Cool in a desiccator to room temperature and reweigh.   

6. Determine the weight % of ‘fines’ which permeated through the thimble. 

 

 BITUMEN DETERMINATION  
 

1. Invert the stoppered volumetric flask containing the bitumen/toluene solution several times to 
ensure proper mixing. 

2. Rinse a syringe with the sample extract before withdrawing approximately 20 mL from the 
volumetric flask. 

3. Attach a 0.45 micron Whatman syringe filter to the syringe and filter the extract into a 25 mL 
Erlenmeyer flask and stopper the flask. 

4. Support a weighed glass fiber filter on a watch glass and pipet a 5 mL aliquot of the extract 
solution (from the 25 mL Erlenmeyer flask) onto the filter paper’s surface, evenly dispensing and 
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distributing the aliquot in a spiral pattern.  This application process is needed to ensure the 
bitumen solution does not penetrate through the filter paper 

5. Hang the bitumen containing glass fiber filter from a drying rack to evaporate the solvent.  
Repeat this for each sample. Remember to rinse the pipette to avoid any carry-over.  Drying 
curves need to be determined according to each fume hood’s optimal sash height and 
corresponding face velocity. Please refer to APPENDIX  A-3 for instructions on the 
determination of an appropriate drying time.  Ensure the drying time is adequate to remove all of 
the solvent but not so long as to cause evaporative losses of bitumen.  Typical drying times are 
on the order of 15 to 20 minutes. 

6. Immediately after the allotted drying time, weigh the filter + bitumen on the analytical balance. 

 
 
CALCULATIONS 
 

100
Sample Wt.
Water Wt.=Water % ×  

 
Density of water is taken as 1 g/mL; hence weight of water (g) is equal to volume of water (mL). 
 
 
when using a 250 mL volumetric flask 
 
 

100
Sample  Wt.

Fines) (Wt. (250/100)  Solids  Wt.=Solids % ×
+

  

 

 Filter]Wt. -  Bitumen)& Filter of Wt.[(
5

250=Sample in  BitumenWt.of ×  

 

100
Sample) Wt.(

sample)in Bitumen  of Wt.(=%Bitumen ×  

 
 

QUALITY CONTROL PROCESS 
 

The mass balance is monitored and reported along with the results.   
 
 

ROUTINE MAINTENANCE 
 

• Replace all broken glassware.   
• After fume hoods are serviced, the drying curve of the filter and bitumen samples should be 

checked as these will be dependent on current laboratory conditions (sash height and 
corresponding face velocity). 
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APPENDIX A-1: Water Trap Specifications 
 

TABLE A-1-1: WATER TRAP SPECIFICATIONS 
 

Volume of Trap (mL) Scale Division (mL) Maximum Scale Error (mL) 
10 0.1 0.05 
25 0.2 0.1 
50 0.2 0.1 

Drain none n/a 
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APPENDIX A-2:  Fines Escaping from Thimble 
 
It has been observed that fine solids may report through the thimble into the extract at the bottom of the 
extraction kettle.  In the few cases where sufficient amounts of these solids passing the thimble were 
isolated, the size of these solids was found to be less than 11 microns.  The mass of solids reported from the 
extraction assay should include both those solids retained in the thimble as well as the solids which report 
through the thimble into the extraction kettle.  These solids have been quantitated for over 900 samples of 
varying types.  It has been found that there are cases where the amount of solids which pass through the 
thimble are minimal while in other cases the ‘lost’ solids are found to have significant weight.  A useful 
guideline is that masses of ‘lost’ solids greater than ~0.5 grams require correction.   
 
The experimental data does not support an intuitive view that a greater quantity of <44 micron material in the 
thimble should lead to more fines passing through the thimble. Figure 1 compares these two factors.  The 
chart shows data which is very scattered without any clear correlation between the two factors. For example, 
when the mass of ‘fines’ loaded into the thimble was between 30 and 40 grams virtually no ‘fines’ passed 
through the thimble.  The largest mass of ‘fines’ passing through the thimble was observed to be ~6 grams 
which occurred when ~15 grams of fines were in the solids loaded into the thimble.   
 
 

 
Figure A-2-1. Comparison of  the mass of < 44 micron fines passing through the thimble with the mass of < 
44 micron fines placed within the thimble 
 
Figure A-2-2 plots the mass of ‘fines’ passing through the thimble as a function of the amount of bitumen 
loaded into the thimble for the same samples as shown in Figure A-2-1. This plot indicates that there is a 
strong relationship between the amount of bitumen loaded into the thimble and the amount of solid material 
which passes through the thimble.  The working hypothesis is that the solids which pass through the thimble 
are oil wet and therefore move with the solvent/hydrocarbon through the thimble.  This relationship can be 
used to allow the analyst to select samples most likely to require ‘fines’ correction to the solids mass based 
on the amount of bitumen present in the thimble.  Samples which contain more than ~15  grams of bitumen 
present in the thimble are likely to lose more than ~0.5 grams of fines through the thimble. This then 
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suggests that ‘fines’ corrections should be carried out for these samples.  Samples which contain almost no 
bitumen were observed to have very low losses of fines through the thimble.  One can conclude that those 
samples which contain low levels of bitumen do not require ‘fines’ corrections to be carried out even though 
most of the 100 grams of solids loaded into the thimble are <44microns in size.   
 
   

 
 
Figure A-2-2. Comparison of the mass of fines passing through the thimble as a function of the mass of 
bitumen in the thimble 
 
 
Consideration for the amount of solids lost into the interstices of the thimble itself is more complex. 
(COSIA may consider future work in this area at a later date) 
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APPENDIX A-3:  Establishing an appropriate drying time for Bitumen Determination:  
 
The gravimetric determination of bitumen in the extract taken from the Dean Stark system requires 
dispensing an aliquot of the extract from a pipet onto a pre-weighed glass fiber filter paper followed by drying 
the filter paper to constant weight in a fumehood.  Each individual laboratory will have a different 
configuration of drying system and thus will find it necessary to establish the appropriate drying time for the 
filters.   
 
This can be achieved by following the gravimetric procedure as given in the main body of the method but 
beginning at 5 minutes record the mass of the glass fiber paper  at 1 minute intervals.  Plotting the resultant 
data should lead to a chart like that shown in Figure A-3-1 below . The time at which the mass becomes 
reasonably constant should be chosen as the drying time. 
 
When establishing the drying times be sure to spread the bitumen and toluene aliquot slowly and evenly in a 
spiral fashion over the filter ensuring that the liquid spreads and does not drip through the filter.  Remember 
that the clip used to hang the paper to dry must not cover any of the solution applied to the filter.   
 
Figure A-3-1: Hydrocarbon Weight depending on drying Time 
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APPENDIX B: Minimum Sample Mass Discussion  
 
The total error of a method is made up of several cumulative errors, but in general, the total error equals 
fundamental error + sub-sampling or segregation error + analytical error.  The representative minimum 
sample mass is set to satisfy a desired maximum fundamental error.   
“The fundamental error (FE)...stems solely from the constitution heterogeneity CHL of the 
material being sampled and is the error that remains when a sampling operation is perfect.  The 
fundamental error is the only error that never cancels out.”(Meyers, 1997, p.209)  The larger the 
representative sample mass, the further the fundamental error will be reduced.   
 
A minimum representative sample mass for measurement is calculated in order that all particles in that 
received sample have equal opportunity of being selected in the sub-sampling procedure.  
 
There are several references illustrating the calculation of the fundamental error.  One selected here is:  

• ISO 14488:2007(E) “Particulate materials – Sampling and sample splitting for the determination of 
particulate properties”.   

 
This reference relate the fundamental error to the top size of particles in the lot as well as the distribution.  
The goal is to achieve a minimum number of these larger particles in the subsample.  This is important since 
large particles occupy more volume or mass than their smaller counterparts on a per particle basis.  It is 
essential to properly account for these particles in the sub-sample if the original properties of the sample are 
to be represented. 
 

 
ISO 14488: 
 
ISO 14488 uses the D90 as the characteristic size where the fundamental error is controlled. When this 
upper tail is selected then the user may be confident that the incidental overall PSD is very well represented. 
“It is assumed that the variance of the fundamental error and the number of particles n0 are related in 
accordance with Poisson statistics”: 
 

CV(n0) = 100/√(n0)% 
 

If 10% coefficient of variance (representing fundamental error only) is chosen and the formula rearranged, 

n0 = 

2

0 )(
100









nV

=

2

0 )(10
100









n

= 100 particles above D90 value 

 
From this point the required minimum sample mass is calculated empirically from previous PSD results.  The 
bin sizes in the distribution are converted to average volume per particle (assuming spheres), then individual 
mass per particle (assuming 2.65 gm/cc), followed by number of particles within each bin, and finally the 
required mass to reach 100 particles in the bins above the 90th percentile.  The table below shows an 
example of this process:  Other worked examples are shown in Appendix B-1 
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Columns A, B and D give the results of a preliminary analysis. 
Column C is the calculated geometric mean size (the square root of the products of the size class limits:    
√lower size bin * next upper size bin, cell C1 = √B1*B2, cell C2 = √B2*B3, etc. 
Column E is the individual particle volume in meter cubed:  1/6π(<x>/1000000)3 
Column F is the individual particle mass in grams: volume of particle x 2650kg/m3 x 1000 
Column G represents the number of particles within a size bin if the total sample size was 100g:  
100/individual mass*percent in bin/100 = 100/F1 * D1/100 
Columns H and I represent the distributions by number of particles and serve as checks for mass balance:   
H:  number in size class per 100g sample / total number of particles in 100g sample *100 
I:  cumulative number of particles in 100g sample  
Column J is the number of particles per size bin if the fundamental error is to be 10%:  
cell I1/100 * cellJ26 
Column K is the mass of particles per size bin if the fundamental error is to be 10%: 
Cell J1 * cell F1 (number of required particles for 10% fundamental error times individual particle mass) 
Cell K26 is the minimum sample mass. 
 
 
 
 
 

 
 
 
 
 

Coarse Ore Sample
A B C D E F G H I J K

x            
µm

Q 3            

% by 
volume

<x>         
µm

dQ 3              

% by 
mass

Volume of 
particle (m3)

<M i>                 
g

ni number in 

size class i per 
100g of sample

dQ0             

% by 
number

Q0 % by 
number

Number if FE 
(amount 

>x90,3) to be 
10%

Mass if FE 
(amount 
>x90,3) to 
be 10% g

1 1 0.15 1.4 0.5 1.48E-18 3.92E-12 1.32E+11 83.6 83.6 4.2E+09 1.65E-02
2 2 0.67 3.2 1.1 1.66E-17 4.39E-11 2.42E+10 15.2 98.9 7.7E+08 3.37E-02
3 5 1.73 10.0 2.4 5.24E-16 1.39E-09 1.74E+09 1.1 99.9 5.5E+07 7.65E-02
4 20 4.14 29.7 2.2 1.37E-14 3.62E-08 6.16E+07 0.0 100.0 2.0E+06 7.08E-02
5 44 6.37 51.4 1.2 7.10E-14 1.88E-07 6.22E+06 0.0 100.0 2.0E+05 3.72E-02
6 60 7.54 66.6 1.3 1.55E-13 4.11E-07 3.05E+06 0.0 100.0 9.7E+04 3.97E-02
7 74 8.79 86.0 3.2 3.33E-13 8.83E-07 3.60E+06 0.0 100.0 1.1E+05 1.01E-01
8 100 11.97 111.8 3.9 7.32E-13 1.94E-06 2.01E+06 0.0 100.0 6.4E+04 1.24E-01
9 125 15.86 136.9 4.3 1.34E-12 3.56E-06 1.20E+06 0.0 100.0 3.8E+04 1.36E-01
10 150 20.14 162.0 4.4 2.23E-12 5.90E-06 7.39E+05 0.0 100.0 2.3E+04 1.38E-01
11 175 24.5 187.1 4.3 3.43E-12 9.09E-06 4.72E+05 0.0 100.0 1.5E+04 1.36E-01
12 200 28.79 212.1 4.1 5.00E-12 1.32E-05 3.12E+05 0.0 100.0 9904.1 1.31E-01
13 225 32.92 237.2 3.9 6.99E-12 1.85E-05 2.12E+05 0.0 100.0 6743.6 1.25E-01
14 250 36.85 262.2 3.7 9.44E-12 2.50E-05 1.48E+05 0.0 100.0 4686.0 1.17E-01
15 275 40.54 287.2 3.5 1.24E-11 3.29E-05 1.06E+05 0.0 100.0 3371.5 1.11E-01
16 300 44.03 324.0 6.4 1.78E-11 4.72E-05 1.36E+05 0.0 100.0 4319.5 2.04E-01
17 350 50.45 385.7 8.1 3.00E-11 7.96E-05 1.02E+05 0.0 100.0 3244.1 2.58E-01
18 425 58.58 461.0 6.8 5.13E-11 1.36E-04 5.00E+04 0.0 100.0 1586.8 2.16E-01
19 500 65.37 591.6 12.7 1.08E-10 2.87E-04 4.41E+04 0.0 100.0 1400.7 4.02E-01
20 700 78.04 771.4 6.3 2.40E-10 6.37E-04 9.81E+03 0.0 100.0 311.7 1.99E-01
21 850 84.29 922.0 4.7 4.10E-10 1.09E-03 4.31E+03 0.0 100.0 137.0 1.49E-01
22 1000 88.98 1021.2 1.0 5.58E-10 1.48E-03 6.90E+02 0.0 100.0 21.9 3.24E-02
23 1042.78 90 1208.3 6.3 9.24E-10 2.45E-03 2.58E+03 0.0 100.0 82.0 2.01E-01
24 1400 96.32 1673.3 3.7 2.45E-09 6.50E-03 5.66E+02 0.0 100.0 18.0 1.17E-01
25 2000 100 100.0
26 TOTAL 99.9 1.58E+11 100.0 5.03E+09 2.26
27 Total rows 23 & 24 10.0 3.15E+03 1.99E-08 100
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Table B1: Predicted Minimum 
Representative Subsample Mass Required 

per ISO 14488 
Minimum 

Representative 
Subsample Mass, 

g 

Maximum 
Allowable 

Particle Size, 
microns 

0.27 500 
0.73 710 
1.88 1000 
4.77 1400 
8.13 1700 

12.77 2000 
 
 

 
Minimum Sample Mass Recommendations 
 
The ISO 14488 approach is preferred for the application of PSD measurement for oil sands and its process 
streams. 
Since we are measuring the particle size distribution of a variety of samples and we do not have a good 
estimate of the properties of each sample beforehand, a ‘worst case scenario’ of basing our fundamental 
error on the possibility of a few particles in the upper end of the distribution will allow a blanket value to cover 
any samples analyzed.  
The minimum sample size limitations arising from a consideration of fundamental error do not strongly 
impact the use of sieves in the range of particle sizes of interest since all 3 inch or 8 inch sieves will require 
subsample masses much larger than that associated with a consideration of fundamental error.   
A limitation of most laser diffraction instruments is the amount of material that can be introduced into the 
system.  The concentration of particles must be dilute enough to avoid multiple scattering.  Many systems 
are supplied with recirculator volumes which restrict the amount of sample which may be assayed to a value 
much less than that associated with a consideration of fundamental error.  Large volume recirculators 
address this problem.  Comminution, or the reduction of average particle size to a smaller particle size, will 
also address this problem.  In a PSD method, the particle size cannot be reduced by comminution as this 
would render the analysis void; however, the use of sieves to remove larger particles serves the same end 
result and allows these larger particles to be re-incorporated into the final distribution result after 
measurement by laser diffraction. 
It is recommended to assess the specific instrument in use for the mass versus obscuration or transmittance 
to observe the maximum mass allowable to reach an obscuration/transmittance within the manufacturers 
recommended range.  Below are example graphs generated on a Mastersizer 2000 showing that a fine 
sample may reach a mass of about 0.2 grams and a coarser sample may reach a mass of about 1.4 grams 
with a stable 10% obscuration.  Using this information, and the example fundamental error tables attached it 
can be concluded that a 710 micron sieve cut will render representative sample masses for measurement on 
the Malvern 2000 with Hydro G recirculator at ~800ml volume.  To keep resolution above this size, a series 
of sieves is needed (i.e. 2000 µm, 1700 µm, 1400 µm, 1000 µm, 710 µm).  A larger micron sieve cut for a 
larger recirculator volume is granted but the imperial data must be used to determine the appropriate mesh 
size.  Extreme caution must be used when carrying this ‘top cut’.  Unfortunately, it is very difficult to assess 
whether aggregates are being retained on the sieve. 
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APPENDIX B-1 Example Calculations 
 

 

 

Fine Ore Sample D90 of 90µm
A B C D E F G H I J K

x            
µm

Q 3            

% by 
volume

<x>         
µm

dQ 3              

% by 
mass

Volume of 
particle (m3)

<M i>                 
g

ni number in 

size class i per 
100g of sample

dQ0             

% by 
number

Q0 % by 
number

Number if FE 
(amount 

>x90,3) to be 
10%

Mass if FE 
(amount 

>x90,3) to be 
10% g

1 1 5.27 1.4 9.2 1.48E-18 3.92E-12 2.35E+12 83.8 83.8 7.9E+07 3.09E-04
2 2 14.5 3.2 18.7 1.66E-17 4.39E-11 4.26E+11 15.2 99.0 1.4E+07 6.26E-04
3 5 33.21 10.0 36.7 5.24E-16 1.39E-09 2.65E+10 0.9 100.0 8.8E+05 1.23E-03
4 20 69.92 29.7 12.5 1.37E-14 3.62E-08 3.44E+08 0.0 100.0 1.2E+04 4.17E-04
5 44 82.39 51.4 3.4 7.10E-14 1.88E-07 1.80E+07 0.0 100.0 6.0E+02 1.13E-04
6 60 85.77 66.6 2.2 1.55E-13 4.11E-07 5.33E+06 0.0 100.0 1.8E+02 7.32E-05
7 74 87.96 81.6 2.0 2.85E-13 7.54E-07 2.70E+06 0.0 100.0 9.0E+01 6.82E-05
8 90 90 94.9 1.1 4.47E-13 1.19E-06 9.11E+05 0.0 100.0 3.0E+01 3.61E-05
9 100 91.08 111.8 2.3 7.32E-13 1.94E-06 1.16E+06 0.0 100.0 3.9E+01 7.52E-05
10 125 93.33 136.9 1.7 1.34E-12 3.56E-06 4.86E+05 0.0 100.0 1.6E+01 5.79E-05
11 150 95.06 162.0 1.3 2.23E-12 5.90E-06 2.27E+05 0.0 100.0 7.6E+00 4.48E-05
12 175 96.4 187.1 1.0 3.43E-12 9.09E-06 1.10E+05 0.0 100.0 3.7E+00 3.34E-05
13 200 97.4 212.1 0.7 5.00E-12 1.32E-05 5.36E+04 0.0 100.0 1.8E+00 2.37E-05
14 225 98.11 237.2 0.5 6.99E-12 1.85E-05 2.65E+04 0.0 100.0 8.9E-01 1.64E-05
15 250 98.6 262.2 0.3 9.44E-12 2.50E-05 1.04E+04 0.0 100.0 3.5E-01 8.69E-06
16 275 98.86 287.2 0.1 1.24E-11 3.29E-05 3.95E+03 0.0 100.0 1.3E-01 4.35E-06
17 300 98.99 324.0 0.1 1.78E-11 4.72E-05 1.27E+03 0.0 100.0 4.3E-02 2.01E-06
18 350 99.05 385.7 0.0 3.00E-11 7.96E-05 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
19 425 99.05 461.0 0.0 5.13E-11 1.36E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
20 500 99.05 591.6 0.0 1.08E-10 2.87E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
21 700 99.05 771.4 0.0 2.40E-10 6.37E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
22 850 99.05 922.0 0.0 4.10E-10 1.09E-03 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
23 1000 99.05 1183.2 0.0 8.67E-10 2.30E-03 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
24 1400 99.05 1673.3 1.0 2.45E-09 6.50E-03 1.46E+02 0.0 100.0 4.9E-03 3.18E-05
25 2000 100 100.0
26 TOTAL 94.7 2.81E+12 100.0 9.38E+07 3.17E-03
27 Total rows 8-24 10.0 2.99E+06 1.07E-06 100

Minimum sample mass
 Ore Sample with D90 ~700

A B C D E F G H I J K

x            
µm

Q 3            

% by 
volume

<x>         
µm

dQ 3              

% by 
mass

Volume of 
particle (m3)

<M i>                 
g

ni number in 

size class i per 
100g of sample

dQ0             

% by 
number

Q0 % by 
number

Number if FE 
(amount 

>x90,3) to be 
10%

Mass if FE 
(amount 

>x90,3) to be 
10% g

1 1 0.34 1.4 0.9 1.48E-18 3.92E-12 2.29E+11 85.3 85.3 2.1E+09 8.43E-03
2 2 1.24 3.2 1.6 1.66E-17 4.39E-11 3.71E+10 13.8 99.1 3.5E+08 1.53E-02
3 5 2.87 10.0 3.1 5.24E-16 1.39E-09 2.20E+09 0.8 100.0 2.1E+07 2.86E-02
4 20 5.92 29.7 3.3 1.37E-14 3.62E-08 9.08E+07 0.0 100.0 8.5E+05 3.08E-02
5 44 9.21 51.4 2.1 7.10E-14 1.88E-07 1.14E+07 0.0 100.0 1.1E+05 2.00E-02
6 60 11.35 66.6 1.5 1.55E-13 4.11E-07 3.56E+06 0.0 100.0 3.3E+04 1.37E-02
7 74 12.81 86.0 1.9 3.33E-13 8.83E-07 2.16E+06 0.0 100.0 2.0E+04 1.79E-02
8 100 14.72 111.8 1.8 7.32E-13 1.94E-06 9.13E+05 0.0 100.0 8.6E+03 1.66E-02
9 125 16.49 136.9 2.5 1.34E-12 3.56E-06 7.05E+05 0.0 100.0 6.6E+03 2.35E-02
10 150 19 162.0 3.4 2.23E-12 5.90E-06 5.73E+05 0.0 100.0 5.4E+03 3.17E-02
11 175 22.38 187.1 4.2 3.43E-12 9.09E-06 4.63E+05 0.0 100.0 4.3E+03 3.94E-02
12 200 26.59 212.1 4.9 5.00E-12 1.32E-05 3.67E+05 0.0 100.0 3.4E+03 4.55E-02
13 225 31.45 237.2 5.2 6.99E-12 1.85E-05 2.81E+05 0.0 100.0 2.6E+03 4.87E-02
14 250 36.65 262.2 5.3 9.44E-12 2.50E-05 2.12E+05 0.0 100.0 2.0E+03 4.97E-02
15 275 41.96 287.2 5.2 1.24E-11 3.29E-05 1.58E+05 0.0 100.0 1.5E+03 4.86E-02
16 300 47.15 324.0 9.8 1.78E-11 4.72E-05 2.07E+05 0.0 100.0 1.9E+03 9.17E-02
17 350 56.94 385.7 12.0 3.00E-11 7.96E-05 1.51E+05 0.0 100.0 1.4E+03 1.12E-01
18 425 68.93 461.0 9.1 5.13E-11 1.36E-04 6.68E+04 0.0 100.0 6.3E+02 8.51E-02
19 500 78.01 584.0 12.0 1.04E-10 2.76E-04 4.34E+04 0.0 100.0 4.1E+02 1.12E-01
20 682 90 690.9 0.8 1.73E-10 4.58E-04 1.68E+03 0.0 100.0 1.6E+01 7.21E-03
21 700 90.77 771.4 3.9 2.40E-10 6.37E-04 6.17E+03 0.0 100.0 5.8E+01 3.68E-02
22 850 94.7 922.0 2.0 4.10E-10 1.09E-03 1.88E+03 0.0 100.0 1.8E+01 1.91E-02
23 1000 96.74 1183.2 1.9 8.67E-10 2.30E-03 8.40E+02 0.0 100.0 7.9E+00 1.81E-02
24 1400 98.67 1673.3 0.7 2.45E-09 6.50E-03 1.05E+02 0.0 100.0 9.8E-01 6.37E-03
25 2000 99.35 100.0
26 TOTAL 100 99.0 2.69E+11 100.0 2.52E+09 0.93
27 Total rows 20-24 84.6 1.07E+04 3.97E-08 100

Minimum sample mass
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 Ore Sample with D90 ~600
A B C D E F G H I J K

x            
µm

Q 3            

% by 
volume

<x>         
µm

dQ 3              

% by 
mass

Volume of 
particle (m3)

<M i>                 
g

ni number in 

size class i per 
100g of sample

dQ0             

% by 
number

Q0 % by 
number

Number if FE 
(amount 

>x90,3) to be 
10%

Mass if FE 
(amount 

>x90,3) to be 
10% g

1 1 0.46 1.4 1.2 1.48E-18 3.92E-12 2.93E+11 81.4 81.4 1.5E+09 6.01E-03
2 2 1.61 3.2 2.8 1.66E-17 4.39E-11 6.31E+10 17.5 98.9 3.3E+08 1.45E-02
3 5 4.38 10.0 5.2 5.24E-16 1.39E-09 3.76E+09 1.0 100.0 2.0E+07 2.73E-02
4 20 9.6 29.7 3.5 1.37E-14 3.62E-08 9.52E+07 0.0 100.0 5.0E+05 1.80E-02
5 44 13.05 51.4 2.0 7.10E-14 1.88E-07 1.08E+07 0.0 100.0 5.6E+04 1.06E-02
6 60 15.08 66.6 1.8 1.55E-13 4.11E-07 4.46E+06 0.0 100.0 2.3E+04 9.56E-03
7 74 16.91 86.0 3.9 3.33E-13 8.83E-07 4.36E+06 0.0 100.0 2.3E+04 2.01E-02
8 100 20.76 111.8 4.5 7.32E-13 1.94E-06 2.34E+06 0.0 100.0 1.2E+04 2.37E-02
9 125 25.29 136.9 5.2 1.34E-12 3.56E-06 1.47E+06 0.0 100.0 7.7E+03 2.73E-02
10 150 30.51 162.0 5.6 2.23E-12 5.90E-06 9.47E+05 0.0 100.0 4.9E+03 2.92E-02
11 175 36.1 187.1 5.7 3.43E-12 9.09E-06 6.30E+05 0.0 100.0 3.3E+03 2.99E-02
12 200 41.82 212.1 5.6 5.00E-12 1.32E-05 4.24E+05 0.0 100.0 2.2E+03 2.93E-02
13 225 47.43 237.2 5.3 6.99E-12 1.85E-05 2.88E+05 0.0 100.0 1.5E+03 2.78E-02
14 250 52.76 262.2 4.9 9.44E-12 2.50E-05 1.97E+05 0.0 100.0 1.0E+03 2.57E-02
15 275 57.68 287.2 4.5 1.24E-11 3.29E-05 1.37E+05 0.0 100.0 7.2E+02 2.36E-02
16 300 62.19 324.0 7.9 1.78E-11 4.72E-05 1.67E+05 0.0 100.0 8.7E+02 4.12E-02
17 350 70.07 385.7 8.7 3.00E-11 7.96E-05 1.10E+05 0.0 100.0 5.7E+02 4.57E-02
18 425 78.81 461.0 6.2 5.13E-11 1.36E-04 4.55E+04 0.0 100.0 2.4E+02 3.23E-02
19 500 85 547.3 5.0 8.58E-11 2.27E-04 2.20E+04 0.0 100.0 1.1E+02 2.61E-02
20 599.02 90 647.5 5.7 1.42E-10 3.77E-04 1.50E+04 0.0 100.0 7.8E+01 2.96E-02
21 700 95.66 771.4 1.4 2.40E-10 6.37E-04 2.18E+03 0.0 100.0 1.1E+01 7.26E-03
22 850 97.05 922.0 1.7 4.10E-10 1.09E-03 1.52E+03 0.0 100.0 7.9E+00 8.62E-03
23 1000 98.7 1183.2 0.8 8.67E-10 2.30E-03 3.44E+02 0.0 100.0 1.8E+00 4.13E-03
24 1400 99.49 1673.3 0.5 2.45E-09 6.50E-03 7.84E+01 0.0 100.0 4.1E-01 2.66E-03
25 2000 100 100.0
26 TOTAL 99.5 3.60E+11 100.0 1.88E+09 0.52
27 Total rows 20-24 79.2 1.91E+04 5.32E-08 100

Minimum sample mass
 Ore Sample with D90 ~300

A B C D E F G H I J K

x            
µm

Q 3            

% by 
volume

<x>         
µm

dQ 3              

% by 
mass

Volume of 
particle (m3)

<M i>                 
g

ni number in 

size class i per 
100g of sample

dQ0             

% by 
number

Q0 % by 
number

Number if FE 
(amount 

>x90,3) to be 
10%

Mass if FE 
(amount 

>x90,3) to be 
10% g

1 1 0.57 1.4 1.2 1.48E-18 3.92E-12 3.11E+11 84.2 84.2 2.0E+08 7.72E-04
2 2 1.79 3.2 2.4 1.66E-17 4.39E-11 5.47E+10 14.8 99.0 3.5E+07 1.52E-03
3 5 4.19 10.0 4.7 5.24E-16 1.39E-09 3.38E+09 0.9 100.0 2.1E+06 2.97E-03
4 20 8.88 29.7 4.4 1.37E-14 3.62E-08 1.22E+08 0.0 100.0 7.7E+04 2.80E-03
5 44 13.31 51.4 1.4 7.10E-14 1.88E-07 7.39E+06 0.0 100.0 4.7E+03 8.80E-04
6 60 14.7 66.6 2.0 1.55E-13 4.11E-07 4.90E+06 0.0 100.0 3.1E+03 1.27E-03
7 74 16.71 86.0 7.2 3.33E-13 8.83E-07 8.15E+06 0.0 100.0 5.2E+03 4.56E-03
8 100 23.91 111.8 10.3 7.32E-13 1.94E-06 5.33E+06 0.0 100.0 3.4E+03 6.55E-03
9 125 34.25 136.9 11.4 1.34E-12 3.56E-06 3.20E+06 0.0 100.0 2.0E+03 7.22E-03
10 150 45.65 162.0 11.0 2.23E-12 5.90E-06 1.86E+06 0.0 100.0 1.2E+03 6.94E-03
11 175 56.61 187.1 9.7 3.43E-12 9.09E-06 1.07E+06 0.0 100.0 6.8E+02 6.15E-03
12 200 66.32 212.1 8.1 5.00E-12 1.32E-05 6.09E+05 0.0 100.0 3.9E+02 5.10E-03
13 225 74.38 237.2 6.5 6.99E-12 1.85E-05 3.50E+05 0.0 100.0 2.2E+02 4.10E-03
14 250 80.86 262.2 5.0 9.44E-12 2.50E-05 2.01E+05 0.0 100.0 1.3E+02 3.18E-03
15 275 85.88 287.2 3.9 1.24E-11 3.29E-05 1.19E+05 0.0 100.0 7.5E+01 2.48E-03
16 300 89.8 300.7 0.2 1.42E-11 3.77E-05 5.30E+03 0.0 100.0 3.4E+00 1.27E-04
17 301.45 90 324.8 5.2 1.79E-11 4.76E-05 1.09E+05 0.0 100.0 6.9E+01 3.29E-03
18 350 95.2 385.7 3.6 3.00E-11 7.96E-05 4.51E+04 0.0 100.0 2.9E+01 2.27E-03
19 425 98.79 461.0 0.5 5.13E-11 1.36E-04 3.38E+03 0.0 100.0 2.1E+00 2.91E-04
20 500 99.25 591.6 0.0 1.08E-10 2.87E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
21 700 99.25 771.4 0.0 2.40E-10 6.37E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
22 850 99.25 922.0 0.0 4.10E-10 1.09E-03 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
23 1000 99.25 1183.2 0.0 8.67E-10 2.30E-03 0.00E+00 0.0 100.0 0.0E+00 0.00E+00
24 1400 99.25 1673.3 0.8 2.45E-09 6.50E-03 1.15E+02 0.0 100.0 7.3E-02 4.75E-04
25 2000 100 100.0
26 TOTAL 99.4 3.69E+11 100.0 2.34E+08 0.06
27 Total rows 20-24 76.1 1.58E+05 4.28E-07 100

Minimum sample mass
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APPENDIX C  Change process 
 
This unified fines measurement method will be refined as industry practice evolves including data results 
from subsequent studies, laboratory experience and evolving sampling methodology. It is understood that 
after the Inter-Laboratory Study is completed, COSIA will provide a structured and transparent process to 
update the method in the future, where industry practitioners and others can propose improvements to the 
method. It is expected this process will follow other methods currently in place with other standard 
organizations.  
 
At a later date, COSIA will evaluate the need to have this method incorporated into an existing standards 
organization such as CGSB, ASTM, ISO or other organization. 
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Preamble 

This Unified Fines Method document is provided by Canada’s Oil Sands Innovation Alliance 
(COSIA) as part of an ongoing initiative within the COSIA Tailings Environmental Priority Area (EPA). 
The creation of this document was initiated by COSIA in 2013, as a result of a request from the Alberta 
Energy Regulator (AER). The request was partly related to apparent inconsistencies amongst fines 
measurements reported by Operators and a requirement for a more consistent measurement method 
specified in Directive-74 issued by the Regulator in 2009. A Fines Measurement Working Group 
(FMWG) consisting of industry practitioners was created by COSIA, and supported by personnel from 
the AER, to carry out and direct work to develop the standard method contained in this document. The 
mandate of this group, with input from AER, was to develop a technically accurate and effective method 
of measuring mineral solids less than 44 microns in size, with incidental benefit to overall particle size 
distribution. Within the oil sands industry the minus 44 micron fraction is known as “fines”. This 
document contains the proposed measurement methodology needed to provide technically and 
statistically defendable oil sands fines measurements, and is aimed to be applicable across all areas of 
an operating oil sands processing facility.   

 
Existing particle size distribution methods commonly in use by the oil sand industry, as well as 

established institutional methods that are commonly used in other industries were evaluated with 
laboratory data as part of this method development. The unique nature of the sample materials requires 
more sample preparation in terms of cleaning and dispersion than standards already established for 
soils provide.   
 

Significant challenges remain that impact this method, and include obtaining representative 
sampling within an operating oil sands processing facility that is outside of the FMWG scope. Specific 
challenges to the method include obtaining consistent measurement of particles with organic 
attachment, the impact of sample cleaning and preparation steps on the final result, variation in fine 
tails constituents affecting particle density assumptions, laboratory occupational health and safety 
concerns, and scope and cost increases that may be incurred compared to the various laboratory 
methods presently in use. 

Ongoing Work 

It is understood that this method has been refined during 2015 and may further be refined  
based on the ongoing method evaluation commissioned by COSIA. This method evaluation has 
included a Design of Experiment (DOE) study conducted by the NAIT Applied Research Centre for Oil 
Sands Sustainability (NARCOSS) and an Inter-Laboratory Study (ILS) to be conducted by Alberta 
Innovates Technology Future (AITF). Both of these studies are managed by the COSIA-FMWG.  

These two evaluations allow this standard method for fines measurement to be statistically 
evaluated. The DOE has allowed optional procedures within the United Fines method to be validated 
statistically, whilst the Inter-Laboratory Study (ILS) will provide indication of statistical validity with 
respect to repeatability and reproducibility. The ILS is expected to involve commercial laboratories 
presently supporting oil sand Operators, as well as the Operator laboratories and laboratories within 
educational institutions. 

The FMWG will evaluate the results of both the DOE and ILS to determine if revisions to the 
standard method are warranted.  

The results of both the NARCOSS and AITF studies are expected to enter the public domain, 
within a broader COSIA report.  

Implementation 

It is understood that the COSIA Tailings EPA and or the Alberta Energy Regulator will decide 
future use of the method. This decision may include a formal implementation plan for this Unified Fines 
Method to support Directive 74 or other requirements, which may or may not allow for calibration to 
existing Operator-specific methods. 
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1 SCOPE 

This method allows for the determination of the minus 44 micron or “fines” fraction as well as the overall 
particle size distribution (PSD) of solids from Oil Sands operations. These may be solids from oil sand 
deposits, designated oil sand tailings disposal areas or process stream samples. The primary purpose of this 
method is to allow for tracking of ‘fine’ solids through a process; other particle size distribution methods may 
be more appropriate for the characterization of such behavior as settling or flow. Currently, the definitive 
value for ‘fines’ content is the less than 44 micron value. Each measurement system will assign a single 
dimensional value to each particle considered; this dimensional value is considered to represent a non-
uniform three dimensional particle for the purposes of tracking these solids.  
 

This method allows for the determination of a particle size distribution for particles in the range of below 
44 micron through to 2000 micron using a laser diffraction particle analyzer system, sieves or a combination 
of the two. The reported units of the distribution are percent volume less than a given particle size when 
using a laser based system or weight percent less than a specified size when using a sieve system.  In order 
to reasonably compare results from the two measurement systems the assumption made is that there is no 
density difference exhibited by the solids reporting to different size ranges therefore making volume per cent 
equivalent to weight per cent for the data generated. 
 

This method requires submitted samples to be between 40 and 140 grams. 
 

2 SUMMARY 

Clean dry solids obtained either by Dean & Stark Soxhlet solvent extraction or repetitive cold solvent 
washing are analyzed for particle size distribution using a number of clearly defined steps. The clean, dry 
solids are first disaggregated, then appropriately subsampled, adequately dispersed and finally the particle 
size distribution is measured. 

 

3 BACKGROUND 

 
 The size distribution of oil sand solids is important in characterizing ore bodies and tailings deposits 
as well as determining processability relationships in extraction plants.  There are many different methods for 
measuring PSD’s.  All of them rely on various assumptions about the particles being measured (e.g. shape, 
density, dispersion, settling rates, etc.). As a result, different PSD measurement methods may produce 
different results based on these assumptions.  The results from these different measurement methods may 
have different levels of applicability to different characteristics or behaviors of the samples being analyzed.  It 
is necessary to understand the underlying science behind the measurement methods to determine which 
method is most suitable for the generation of information with respect to a given characteristic or behavior.  
The method described herein is suitable to the mass balance of the less than 44 micron solid fraction around 
a process.  In order to complete the mass balance calculations it is necessary to assume that there is no 
density difference exhibited by the solids reporting to different size ranges therefore making volume % 
equivalent to weight % for the data generated.  

Prior to PSD analysis, the sample solids must be clean and dry.  Sample solids are cleaned to 
remove bitumen from the system since this bitumen will interfere with the particle size determination.  
However, it must be acknowledged that the cleaning processes used may result in the loss of some of the 
finest particles present in the system.  The loss of some of the finest solids can be significant for some 
process stream samples, especially for streams where the majority of the solids in the sample are often very 
fine (<10 micron).  Refer to Appendix A for a discussion of fines losses during cleaning.  For oil sands ore 
body samples, extraction process streams, and tailings pond samples, the loss of very fine solids through the 
extraction thimble tends to be much less significant.  It has been found experimentally that the amount of fine 
solids which are lost through the thimble during the cleaning process of Dean Stark extraction has a strong 
correlation to the amount of bitumen present in the thimble but does not exhibit a strong correlation to the 
amount of fines present in the sample.  The solids passing through the thimble are corrected for in the 
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measurement system (see Appendix A).   Possible solids lost into the fibers of the thimble are not corrected 
for.   

Sample solids are “fully” dispersed prior to PSD measurement.  This is to ensure that the amount of 
fine particles measured (i.e. %< 44micron) is not a function of how much shear force was applied to the 
sample prior to measurement.   
 While laser diffraction, alternatively referred to as Low Angle Laser Light Scattering, instruments 
provide a rapid and convenient measurement of PSD in the range of 0.02 micron to 2000 micron, the 
instruments are blind to particles outside this range.  This range restriction arises from the angles at which 
information is collected.  Laser Diffraction systems use light scattered from the edges of particles and can 
‘see’ particles of all types and colours. Samples with a significant amount of large particles may require an 
additional screening step using a sieve, with the results corrected to account for the particles retained on the 
sieve.   In this way, very large particles that would otherwise be outside of the analysis range, for example 
rocks found in reject samples, will be reported. 
 In addition, depending upon the volume of the recirculation system used with the laser optical bench,    
 it is necessary to sieve out particles above a specific size range to reduce the width of the particle size 
distribution such that sampling statistics are respected and only representative samples are presented to the 
laser diffraction system (see appendix B for details).  
 

4 REFERENCE METHODS 

 
Laser Diffraction: 
 
ASTM C1070-01:   Standard Test Method for Determining Particle Size Distribution of 
Alumina or Quartz by Laser Light Scattering 

 With the ASTM method, suitable dispersing agents and sonication procedures are recommended 
depending on the sample, but an exact dispersing procedure is not specified. 

 
ASTM  D4464-00: Standard Test Method for Particle Size Distribution of Catalytic Material by 
Laser Light Scattering 

 
Within the ASTM method, an unspecified instrument is used to measure the PSD from 30 to 300 
microns. For this method, only a vague statement of producing stable dispersions is given, with no 
recommendations on how to achieve this.  The ASTM method recommends caution when using 
surfactants or other additives, as they strongly affect the results.  The interlaboratory results that 
involved additives were excluded from the ASTM precision study as a result. 
 

UOP 856-07: Particle Size Distribution of Powders by Laser Light Scattering   

This standard is for determining the particle size distribution of powders and slurries using laser light 
scattering for particle sizes in the 1 to 100 micron range, but the instrument is capable of measuring 
particles from 0.02 to 2800 microns. Samples are analyzed as received or prepared using sonication 
to disperse agglomerated particles.  

 
Sample Preparation for Laser Diffraction: 
 

ISO 13 320 (2009): Particle Size Analysis: Laser Diffraction Methods 
This Standard covers the Laser Diffraction Measurement of particle size distribution through the 
analysis of two-phase systems (powders, emulsions and suspensions in liquids) where particles are 
analyzed for their light-scattering properties. This Standard includes the areas of theoretical 
background of Laser Diffraction, recommendations for instrument specifications as well as accuracy 
and precision of a test method. This Standard does not specify the requirements of particle size 
measurement of any particular materials and. The particle size range to be measured under this 
Standard varies from 0.1 micron to 3000 microns. This standard specifies that “for non-spherical 
particles, a size distribution is reported, where the predicted scattering pattern for the volumetric sum 
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of spherical particles matches the measured scattering pattern as it assumes a spherical particle 
shape in its optical model. The resulting particle size distribution is stated as different from that 
obtained by methods based on other physical principles (e.g. sedimentation, sieving). 

ISO 14 487 (2000): Sample Preparation – Dispersing Procedures for Powder in Liquids 
 

This Standard is administered by Technical Committee ISO/TC 24, Sieves, sieving and other sizing 
methods, Subcommittee SC 4, Sizing by methods other than sieving. This Standard is related to the 
sample preparation methods for particles analyzed to be by Laser Diffraction and covers the 
dispersion of powder in the liquid. This method applicable to particles size ranging from 0,05 micron 
to 100 micron. 
 

ISO 14 488 (2007): Particulate Materials – Sampling and Sample Splitting for the Determination of 
Particulate Properties 

This Standard is managed by Technical Committee ISO/TC 24 and describes the sub-sampling 
procedures for a test sample from a powder, paste, suspension or dust relevant to the measurement 
of particle size distribution. 

 
Sample Preparation for Sieve Analysis: 
 

ASTM D421-85(2007):  Standard Practice for Dry Preparation of Soil Samples for Particle-Size 
Analysis and Determination of Soil Constants (referenced by ASTM D422)  
 
ASTM D75 - Practice for Sampling Aggregates (referenced by ASTM C136, ASTM C117, and ASTM 
D1140 
 
ASTM C702 – Practice for Reducing Samples of Aggregate to Testing Size (referenced by ASTM C136, 
ASTM C117, ASTM D6913, and ASTM D1140) 

 
ASTM Standards for Sieve Analysis: 
 

ASTM D 422-63 (2007): Standard Test Method for Particle-Size Analysis of Soils 
 

This Standard is regulated by ASTM Committee D18 on Soil and Rock and widely used by 
Geotechnical Laboratories. The test method under this Standard includes both Sieve and 
Hydrometer. The smallest wet sieving mesh size is #200 (74 micron), measurement of particle size 
smaller than 74 micron is done using Hydrometer,  and the amount of material finer than 44 micron  
is interpolated from PSD plot. 
 

ASTM D6913-04(2009):  Particle Size Distribution (Gradation) of Soils Using Sieve Analysis 
 

This test method is under the jurisdiction of ASTM Committee D18 on Soil and Rock. Only test 
method D6913 includes qualifications on the types of materials for which this test method is 
applicable: it specifically excludes “soils containing extraneous matter such as organic solvents, oil, 
asphalt, wood fragments, or similar items.  Such extraneous matter can affect the washing and 
sieving process” (ASTM D6913-04, 2009, p.1). 
 

ASTM D1140-00(2006):  Amount of Material in Soils Finer than No. 200 (75-μm) Sieve 
  

This standard is regulated by ASTM Committee D18 on Soil and Rock and manages two methods 
for measurement of fines finer than 75 micron: A-Test and B-Test.  This standard states that “the 
method to be used shall be specified by the requesting authority” (ASTM D1140-00, 2006, p.1). A-
Test Method requires no dispersion prior to wet sieving. B-Test Method requires dispersion by 
soaking in water mixed with deflocculant prior to wet sieving. 

 



 

 

  
 Page 9 of 56 

COSIA Fines Measurement Working Group                       ILS Round 2 Interim Method                           Revision Date: February 2016 
Copyright COSIA, All rights reserved 

 

ASTM C117-13:  Standard Test Method for Materials Finer than 75-μm (No. 200) Sieve in 
Mineral Aggregates by Washing (previous version was  ASTM C117-95) 
  

This standard is administered by ASTM Committee C09 on Concrete and Concrete Aggregates and 
widely referenced in the SOP of commercial Oil Sands Laboratories.  
This test method provides the guidelines for measurement of fines smaller than 75 micron (No. 200) 
sieve by wet sieving. This method includes two procedures: Procedure A uses plain water for 
washing and Procedure B uses water mixed with a wetting agent.  
 

ASTM C136-06:  Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
(previous version was ASTM C136-96a) 

 
This test method is regulated by ASTM Committee C09 on Concrete and Concrete Aggregates and 
covers the determination of the particle size distribution by dry sieving. This standard however is 
intended for aggregate testing and assumes a relatively coarse sample with low fines content. This 
standard clearly specifies that if there is a requirement of determination of material smaller than 75 
micron, then a combination of both ASTM C136-06 and C117 should be used. 

 
STP 447B (1985):  Manual on Test Sieving Methods, “Wire-Cloth Sieves for Testing Purposes” 
 

This is a general guideline on sieving methods and is intended for use as a supplement for published 
ASTM standards relating to the sieve analysis. 
 

ASTM C429-01(2006):  Sieve Analysis of Raw Materials for Glass Manufacture 

This Standard is under the jurisdiction of ASTM Committee C09 on Concrete and Concrete 
Aggregates and is related to sieve analysis of raw materials for glass manufacture: sand, soda-ash, 
limestone, alkali-alumina silicates, etc. 

 

5 REPORT FORMAT AND REPORTING LIMITS 

 
Reporting results from Laser Diffraction: 

 Results are reported in the form of cumulative volume % undersize for a standard series of sizes of 
interest to the data user.  Two sizes which MUST be reported are the 44 micron and 2000 micron 
cumulative volume % undersize. Percent less than a given particle size values are reported to the 
nearest 0.1%.  

 For the purposes of this standard it is assumed that the density of the particles in any size fraction is 
identical to the particle density in each other size fraction thus allowing the reported values to be 
considered equivalent to cumulative mass % undersize.   

 The data software allows for users to select many different statistical values which can describe the 
distribution and which the user may find useful.  Any such values selected should be reported to the 
nearest 0.1 micron. 

 
Reporting results from Sieve: 

 Results are reported in the form of cumulative mass % undersize for a standard series of sizes of 
interest to the data user.  Two sizes which MUST be reported are the 44 micron and 2000 micron 
cumulative mass % undersize. Percent less than a given particle size values are reported to the nearest 
0.1%.  

 
  



 

 

  
 Page 10 of 56 

COSIA Fines Measurement Working Group                       ILS Round 2 Interim Method                           Revision Date: February 2016 
Copyright COSIA, All rights reserved 

 

6 ACCURACY AND PRECISION   

 
6.1 ACCURACY 
 

Particles are three-dimensional objects for which three parameters are required to completely 
describe their size.  The clay minerals associated with the oil sands; kaolinite, illite, glauconite and chlorite in 
the ore body and, in addition, with montmorillonite or smectite in the waste, are all phyllosilicates.  The term 
phyllosilicate (literally “leafy silicate”) indicates that for all of these clays one dimension of the basic particle is 
much smaller than the other two dimensions.  Thus the particles being sized in the experiments described 
herein are highly irregular in shape and have been reported as having aspect ratios on the order of 10:1.  
The physics upon which these sizing measurement systems are based assumes that the particles are highly 
regular in shape thus allowing them to be adequately described by a single dimensional value. This 
incongruity shows that an accuracy statement is not possible to define.   
 
6.2 PRECISION 
 

This section will be finalized upon receiving the data will from the ILS 
 
 
AS ILLUSTRATION OF TYPICAL CONTENT:    
THIS DATA AND TABLES WILL BE REPLACED WITH APPROPRIATE DATA FROM THE ILS 
 
Table 1. Example of data to be found here after ILS  

 

 Mean (µm) Median (µm) % < 88 µm  

Glass beads  
n = 35 

96.0  0.7 106.2  0.6 23.1  0.8 
 

 Mean (µm) Median (µm) % < 5.5 µm % < 44 µm 

Fuller’s Earth 
n = 51 

9.7  0.9 9.7  1.5 39.5  2.0 77.1  2.8 

 
NOTE: The error shown is 2 standard deviations (95% confidence).  These precision results were 
collected over several months on a single instrument (LS 13 320). 
 

7 SAMPLE CONSIDERATIONS 

 
Destructive:  Yes.   
 
Amount required:  The amount of sample required depends upon the selection made for the 

measurement step and upon the breadth of the size range of the particles in the specific sample. The total 
error of a method is made up of several cumulative errors, but in general, the total error equals fundamental 
error + sub-sampling or segregation error + analytical error.  A minimum representative sample mass for 
measurement is calculated in order that all particles in that received subsample have equal opportunity of 
being selected in the sub-sampling procedure.  In general, the larger the subsample’s mass the lower the 
fundamental error.  

While this is true for any measurement on a subsample the concern here is most marked for 
measurement systems which can accommodate only very small subsample masses.  The design of current 
laser diffraction systems is such that all have a recirculating sample chamber of a fixed size recirculating the 
particles to be assayed through an optical bench system. The size of this recirculator impacts the mass of 
the subsample which may be analyzed and thus how well the result obtained represents the sample.  Please 
consult Table 3 for guidance regarding this minimum. Selection of recirculators with smaller volumes will 
effectively limit the measurement range available to the analyst.  It will be necessary to reduce the ‘top size’ 
of the particles introduced into the recirculator.    
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 In general, samples submitted for this method are limited to between 40 and 140 grams due to the 
physical limitation of the extraction thimbles. 

 
Properties: Samples containing bitumen must be cleaned prior to PSD measurement to avoid 

contaminating the flow path of the laser system or altering the performance of the sieve. All solids submitted 
with the original sample must be representatively subsampled for subsequent analysis – no solids may be 
arbitrarily removed from the sample. 

 

8 SAFETY CONSIDERATIONS 

This Method does not purport to address all of the safety concerns, if any, associated with its use. It is 
the responsibility of the user of this Method to establish appropriate safety and health practices and 
determine the applicability of regulatory limitations prior to use.  

Waste from these procedures should be handled in accordance with relevant regulations. 
 

9 WATER QUALITY 

Water used in all procedures described herein must meet the minimum water quality specifications 
given here.  Any source of water is suitable if the water meets the specification. 
 
Table 2. Water Quality Specification for PSD 

 

Parameter Units Limits Importance 

Filtration microns ≤0.2 Remove particulates 

Temperature °C 25 to 40 Warm to the touch, to avoid condensation on the 
cell windows of laser systems 

Degassed -- According to 
recirculator 
manufacturer’s 
recommendations 

To avoid air bubbles in cell of laser systems 

pH -- 6.5 to 8.5 Dispersion may be effected by pH 

Conductivity 
(Calculated TDS

1
) 

µS/cm 
(mg/L) 

10 to 500 
(5 to 300) 

Some ionic strength is necessary for good 
dispersion 

Calcium (Ca) mg/L <50  

Iron (Fe) mg/L <0.5  

 
 

1 
Calculated total dissolved solids (TDS): 

Total dissolved solids calculated (mg/L) =  
0.6*(alkalinity) + Na + K + Ca + Mg + Cl + SO4 + SiO3 + (NO3–N) + F 

[all concentrations in mg/L, in accordance with SM 1030 F] 
OR 
Total dissolved solids calculated (mg/L) =0.64*(conductivity in µS/cm) 

 

10 PROCEDURES 

 
The procedures necessary to generate data are detailed below.  The method consists of 5 steps.  Some 

steps are clearly specified while others provide the analyst with a choice of one of two alternate procedures. 
The analyst should consider carefully before beginning which choice will be selected at each stage so that 
appropriate amounts of sample may be prepared and necessary apparatus is available.  
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Flow diagram of each of five steps of the Method is illustrated in Figure 1. Flow Diagram of Choices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow Diagram of Choices 

 
 
10.1 SAMPLE CLEANING 
 

Samples must be cleaned one of two ways prior to analysis.  Sample size for these cleaning procedures 
is limited to between 40 and 140 grams. 
 
 
 

10.1-A DEAN & STARK EXTRACTION 
 

This procedure is fully described in Appendix A: Determination of Bitumen, Water and Solids Content of 
Oil Sand Process Samples by Extraction.  The purpose of this step is to remove any bitumen associated with 
the sample and to allow the determination of weight % solids in the as received sample.  
  

1. Carry out a Dean Stark extraction as described in Appendix A:  Dean and Stark Method.  Ensure 

that sufficient extractions times are used to completely remove the bitumen from the solids.  

10.1-A: DEAN & STARK 
EXTRACTION 

10.1-B: COLD SOLVENT WASH 

10.2-A: DISAGGREGATION BY 
HAMMER MILL 

10.3-A: STATIC RIFFLE DIVIDER

  

10.3-B ROTARY DIVIDER OR 
SPIN RIFFLER 

10.4-A DISPERSION BY 
BOILING WITH BUFFER 

10.4-B SONICATION WITH 
IMMERSION PROBE IN BUFFER 

10.5-A LASER DIFFRACTION 10.5-B SIEVE 

 
 
10.1 SAMPLE CLEANING
  
 
 
 
10.2 SAMPLE 
DISAGGREGATION 
 
 
 
 
10.3 SUB SAMPLING 
 
 
 
10.4 SAMPLE 
DISPERSION 
 
 
 
10.5   SAMPLE 
MEASUREMENT 
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Cleaning times are dependent upon sample type and vary widely.  Certain tailings type samples 

may require cleaning times of 16 hours.      

2. Record the weight % solids of the as received sample. 
3. Proceed to 10.2 SAMPLE DISAGGREGATION with the clean dry solids. 
 

10.1-B COLD SOLVENT WASH  
 

Details for this choice are provided below.  The purpose of this step is to remove any bitumen 
associated with the sample and to allow the determination of weight % solids in the as received sample.    
 

10.1-B-1 APPARATUS, REAGENTS, MATERIALS 
 Centrifuge 

 translucent Nalgene Sample bottles to fit in centrifuge head  

 Balance ±0.05g 

 Paint shaker;  (e.g. Red Devil Model 5400), or wrist-action shaker 

 Evaporating dishes, porcelain, 525 mL 

 Toluene/IPA lab solvent:  76 Vol %Toluene, 24 Vol.%  IPA (isopropyl 
alcohol) 

 Acetone 
 

10.1-B-2 PROCEDURE 
 

1. Weigh the individual sample in its container and record the mass as sample plus container.  

2. Quantitatively transfer the sample using the IPA/toluene mixture from its container into a 250 mL 
Nalgene centrifuge bottle. 

3. Reweigh the empty container to allow determination of the as received sample weight. 

4. Fill the 250-mL Nalgene centrifuge bottle to about an inch below the neck with IPA/ Toluene. The 
IPA/Toluene is used to extract the bitumen from the sample. 

5. Balance the bottles to within ±0.2 grams using a top loading balance by adding IPA/Toluene.  

6. Shake the samples for 6 minutes in the shaker. 

7. Centrifuge the samples with a relative centrifugal force of 1250 for about 20 minutes.   

Note: RCF = 1.12R (RPM/1000)
2
, where RCF = relative centrifugal force, R is the radius of 

rotation measured in millimeters and RPM is the number of rotations per minute. 

8. Remove the centrifuge bottles from the centrifuge when it has completely stopped.  

9. Remove the solvent containing dissolved bitumen from the bottles using suction.  Use caution. 
Remove only the solvent layer, retaining about 1 inch of solvent above the solids layer. This is done 
to ensure that no solids are lost from the sample. 

10.  Add toluene/IPA solvent mixture, shake, spin and remove solvent.  Repeat until the liquid that is 
decanted after centrifuging is very clear and colourless indicating that all of the bitumen has been 
removed from the solids. 

11. Quantitatively transfer the sample from the 250-mL Nalgene centrifuge bottles to an evaporating dish 
using acetone to rinse all the solids from the bottle.   

12.  Leave the evaporating dishes, containing the solids, in a fume hood until all the solvent has 
evaporated and the sample reaches constant weight.  Ensure that the solids are protected from 
accidental loss while drying.  

13. Record the mass of the dry solids.  Calculate the mass % solids in the as received sample. 
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14. Proceed to 10.2 SAMPLE DISAGGREGATION with the clean dry solids. 

 
10.2 SAMPLE DISAGGREGATION 

 
Visible/removable coal may be weighed and estimated as a percent by mass of the solids but must be 

returned to sample solids and carried through the entire analysis.  Due to its friable nature some of the coal 
will report as sub 44 micron solids. 
 

Disaggregation of the clean dried solids is needed since during the cleaning step the solids are 
typically agglomerated.  
 

Disaggregation of the clean solids is handled the following procedure: 
 
 
10.2-A DISAGGREGATION BY HAMMER MILL  (Removed Soil Grinder) 
 

10.2-A-1 APPARATUS, REAGENTS, MATERIALS  
 

 Hammer Mill: general specifications: 

- With a general configuration such that the feed hopper is vertically positioned above 
the mill chamber with the exit screen positioned at the bottom of the mill chamber 

- 1000W; 60Hz 110V direct drive motor 
- ~3200 rpm rotating speed 
- fitted with a 2 mm screen/sieve 
- fitted with a Hammer Strike grinding attachment; smooth stator (blade grinding 

stator);AISI 316L Stainless Steel 
- hinged-arm Hammer-rotor (not blade-grinding rotor); AISI 420 Stainless 

Steel(hardened) 
- 2 mm clearance in grinding chamber. 
- ~300 mL hopper volume 

 

 

 Mortar and pestle 

 Sample collection jars 

 2000 micron sieve 

 200X microscope(for examination of questionable solid clumps) 

 

10.2-A-2 PROCEDURE 
  

1. Fit the hammer mill exit with a rubber stopper of suitable diameter for the receiving vessel selected.  
The rubber stopper is necessary to avoid excessive loss of fine particles into the fume hood.  The 
rubber stopper should have a thin, ~2 mm wide, vertical notch cut into the side of the stopper. This is 
needed to allow a small amount of air flow out of the receiving container as solids fall into the 
container from the hammer mill.  This notch also helps to prevent the hold-up of fine particles within 
the hammer mill.  Solids may be collected into the original thimble or another sample container 

2. Weigh the individual sample of clean and dried solids in its container (i.e., thimble from Dean and 
Stark or the evaporating dish from Cold Wash) and record the mass as sample plus container.  

3. Ensure a good seal between the mill/grinder exit and the receiving container.   
4. Turn on the mill/grinder.  Set the rotational speed at 3200 rpm. 
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5. Quantitatively transfer the clean dry solids from the container to the mill/grinder hopper. A mortar 
and pestle may be used to break up any agglomerates that do not fit inside the feed hopper, nominal 
lumps of 1.5 cm or less.  If the sample contains rocks that are greater than 2000 microns in size they 
must be retained and weighed separately, use caution not to remove agglomerates.  This weight will 
be used in the calculations. 

 
Note: It is important to ensure that as much of the solids as possible are removed from 
the thimble and transferred for disaggregation when Dean and Stark has been used for 
sample cleaning. Fine clays can form a hard layer on the surface of the thimble and be 
lost. This could result in erroneous results. There should be no visible clumps of material 
bound to the thimble. 
 

6. Close the mill/grinder hopper lid to avoid fines loss. 
7. Ensure all material has passed through the mill/grinder and has not been retained in the chute or 

mill.  Care must be taken to examine the internals of the mill/grinder to ensure the entire sample has 
exited the unit. 

8. Rocks which are larger than 2 mm may be retained on the exit screen of the mill/grinder.  These 
must be recovered by opening the unit and subsequently adding these rocks to those recovered in 
step 5 above.  Ensure that there are no agglomerates in this material. 

9. Weigh the empty container that held the sample and record.  Subtract this weight from the sample 
plus container mass.  Determine the total sample mass.   Calculated sample mass must include any 
rocks that may have been previously removed.  The total mass should correspond closely with the 
total mass of clean dry solids produced in the cleaning step. 

10. Calculate the mass % ROCKS in the clean dry solids if any such material was recovered in steps 5 
or 8 above.  

 
𝑚𝑎𝑠𝑠  𝑅𝑂𝐶𝐾𝑆

𝑇𝑜𝑡𝑎𝑙 𝑐𝑙𝑒𝑎𝑛 𝑑𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑠𝑠
 × 100 

 
 

11. Proceed to 10.3 SUB SAMPLING using the disaggregated solids. 

10.2-B DISAGGREGATION WITH MORTAR AND PESTLE (Removed) 
 

10.2-B-1 APPARATUS, REAGENTS, MATERIALS (Removed)  

10.2-B-2 PROCEDURE (Removed) 
 
 
10.3 SUB SAMPLING 

Once the solids have been disaggregated by either approach described above it is necessary to 
prepare a sub sample of the solids that is the appropriate mass for the subsequent analysis.  The analyst 
must decide what the final measurement step will be and prepare a sub sample accordingly.  Guidance is 
given in Table 3.  

Cautionary note: Table 3 provides guidance only.  The specific subsample mass appropriate for 
a laser diffraction system will be dependent upon the specific system being used and upon the particle 
size distribution of the subsample being assayed.  The final arbitrator of the appropriate subsample 
mass to be introduced into the  laser diffraction systems is the obscuration or transmittance reading 
achieved for each subsample assayed.  This reading must be within the permitted range for each 
measurement of an appropriately obtained representative subsample.  It is possible that the 
obscuration/transmittance criteria will limit the mass of the subsample to a mass less than the 
minimum representative subsample mass required to fulfill the fundamental error considerations; thus 
requiring the analyst to remove particles from the subsample according to their size.  This is termed 
“top sizing”.  If required, “top sizing” must be done after the sample is properly dispersed (section 
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10.4) and prior to adding the subsample into the laser diffraction system.  See APPENDIX B: Minimum 
Sample Mass Discussion for guidance on how to proceed. 

   
The lab sample must be generated by proper sample division and not scoop sampled at any point. 

Grab or scoop sub-sampling does not meet the criteria of a correct sampling procedure for heterogeneous 
particles because it does not give each particle the same probability of being sampled.   Sample increments 
once obtained shall be entirely utilized at all stages of sample division, preparation and measurement. No 
material may be added to or taken from the increment. 

 
Two method options for sub sampling are provided: Static Riffle Divider and Rotary Divider. 

 
 
 
 
 

 
Table 3. Approximate Sample Size Requirements  

 

Measurement System Approximate 
Subsample 

Size (grams) 

Approximate 
Maximum 
Particle 

Size(microns) 

LD with 400 mL recirculator 0.3 500 

LD with 1000 mL recirculator 1 1000 

LD with 4000 mL recirculator 5 1700 

3 inch sieve (325 mesh) 11 -  

8 inch sieve (325 mesh) 80  

 
 

10.3-A STATIC RIFFLE DIVIDER 
 

Riffle dividers should be calibrated regularly, at least annually, to confirm they are properly dividing 
the samples, by mixing and dividing a sample containing known quantities of particles such as glass beads. 
The riffle divider should always be used in a level position and be in good repair without any rough edges or 
deformations that may bias the mixing and dividing of the sample.  Do not clean the divider or the collection 
pans by banging together or by using tools such as a mallet, hammer or knife. Wherever possible clean the 
divider and collection containers with compressed air.  If the divider or collection pans are dirty or oily, they 
can be washed with warm water and mild detergent. The divider and the pans should be dried thoroughly 
with a soft lint free cloth that will not leave any residue and left to dry at least overnight. 

 

10.3-A-1 APPARATUS, REAGENTS, MATERIALS 
 

 Chute riffle with minimum 6 millimeter openings( 3 times 2mm – the largest agglomerate loaded 
into the riffle) and maximum 10 mm openings.  Select the riffle of appropriate size to handle the 
mass of material being subsampled.  It will be necessary to have a number of static riffle dividers 
available to allow for the ever decreasing mass of subsample as the process proceeds. 

 Assorted collection containers 
 

10.3-A-2 PROCEDURE 
 

1. Distribute the disaggregated solids evenly into a hopper or one of the collection bins provided with 
the riffle. 

2. Pour the solids quickly over the top of the riffle using one smooth single motion. 
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3. Collect the solids which reported to each of the collection bins located on one side of the riffle (½ of 
the sample) from the underside of the riffle. 

4. Remove and replace each of the collection bins with clean and empty bins. 

5. Pour the collected sample half from step 3 over the riffle again. 

6. Repeat steps 2 through 5 until the sample is reduced to the required mass for measurement. This 
may be difficult if extremely small sample masses are required, a rotary riffle might be more suitable. 

7. Proceed to 10.4 SAMPLE DISPERSION with the entire contents of a single bin or with the entire 

contents of multiple bins. 

 

10.3-B ROTARY DIVIDER OR SPIN RIFFLER 
 

Selection of a rotary divider or spin riffle should be made to ensure that the size of the equipment is 
suitable to the volume of sample being sub-sampled.  The goal should be to minimize the loss of fine 
particles during riffling by minimizing the amount of contact between the sample and the surface of the 
equipment and by minimizing the exposure to strong air currents.  Typically 80-100 gram particle sample 
masses may require a ‘micro’ spinning riffle. The sectors and collection trays or vials should be symmetrical 
and of equal size. 

The best results are obtained when operating the rotary splitter with a constant rotational velocity 
and feeding it at a constant slow rate.  Slow feed rates increase the number of increments and help to 
minimize the grouping and segregation errors. The riffle should rotate a minimum of 20 times while the 
sample is being divided. Sample losses must be minimized.  Careful alignment of the riffle parts and 
reasonable speeds help to minimize losses.   
 

10.3-B-1 APPARATUS, REAGENTS, MATERIALS 
 

 Appropriate spin riffle 

 Assorted sample containers  

 

10.3-B-2 PROCEDURE 
 
1. Turn on the rotating collector plate at a constant speed.  The speed selection should be based on the 

manufacturer’s specifications for appropriate use of the riffle. 

2. Pour the sample into the hopper or vibratory feed chute at a slow and even rate. 

3. Turn on the vibration amplifier to a slow but constant rate so that the material begins to flow and feed 
into the collection trays or tubes. 

4. Increase the vibration amplifier slightly, if necessary, so that any slower moving finer material moves to 
feed the collection trays or tubes.  Continue to increase the intensity of the vibration until all material is 
fed into the rotating collection trays or tubes.  Cautionary note; avoid creation of dust clouds with 
judicious selection of rotational and vibrational speeds.    

5. Remove the collection bins and replace them with empty collection bins. 

6. Empty the entire contents of one or more of the collection containers into the main feed tray and repeat 
the procedure until the desired sample size is achieved.  If the sample size is unreasonable for the size 
of the rotary divider at this point, feed one of the divisions into a smaller scaled rotary divider. 

7. Weigh each portion to make sure subsamples are of nearly equal mass. 

8. Proceed to 10.4 SAMPLE DISPERSION with the entire contents of one or more bins combined 
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10.4 SAMPLE DISPERSION 
 
 Dispersion is one of the most critical steps in sample preparation.  It is important, especially for 
samples containing fine minerals and hydrophobic surfaces. It is imperative that the samples be fully 
dispersed before the measurement of the particle size is attempted.  Any and all of the material produced 
as the sub-sample in the preceding sub-sampling section must be utilized to prevent the representative 
sample from being compromised.  Either of the listed dispersion processes below may be chosen.   
 

 

10.4-A DISPERSION BY BOILING WITH CARBONATE/BICARBONATE BUFFER 
 

10.4-A-1 APPARATUS, REAGENTS, MATERIALS 
 

 Shallow stainless steel bowl with 500 mL capacity 

 Small beakers  

 Parafilm or plastic wrap 

 Small spatula 

 500 mL graduated cylinder  

 600 mL beakers 

 Isopropyl Alcohol (IPA) 

 Hot plate/stirrer combination 

 Heat resistant gloves 

 100 mm diameter watch glass 

 Cooling rack or pan 

 Clip on thermometer 

 Timer set to 15 minutes with alarm. 

 Reagent Grade Sodium Bicarbonate NaHCO3  

 Laboratory Grade 1.0 M Sodium Bicarbonate Solution 

 Laboratory Grade 10% Sodium Hydroxide Solution 

 

 

10.4-A-2 PROCEDURE 
 

1. Prepare a carbonate/bicarbonate buffer solution.  Two suggested methods are: 

a. Buffer Option 1:   1.26g NaHCO3 diluted to 900 mL and 10% NaOH added until pH = 9.6 

OR 

b. Buffer Option 2:  15 mL of  1.0M NaHCO3 (8.40g/100mL) diluted to 1000 mL and 10% NaOH 
added until pH = 9.6 

Note:  This solution will have a shelf life of four (4) weeks.  Date of preparation should be 
marked on the bottle.   
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2. Transfer the weighed sample of the disaggregated dry solids into a shallow stainless steel bowl or 

other suitable container. Add 1-2mL of IPA, in drop-wise increments to the dried solids.  If dispersing 

only a small mass of solids a small beaker may be utilized. 

3. Mix the IPA into the sample by using a folding action with a spatula.  Encourage agglomerates to 

breakdown by pressing lightly on lumps. 

4. Repeat step 2 and 3 until all solids are visibly wet with no excess liquid.  Consult Table 4 for typical 

volumes. 

 
 
Table 4.Typical amounts of IPA and BUFFER solutions 

 

 

Sample weight (g) 

IPA volume (mL) 

Volume of BUFFER Solution 
(mL) 

 Sample contains 
predominantly 

sand 

Sample contains 
predominantly 

clay 

'0-1 2 4 100 

1-10 3 6 100 

10-40 5 10 300 

40-80 10 20 300 

80-120 15 30 400 

 
Note: These are suggested volumes. In particular, the volume of the BUFFER  solution 
needs to be adjusted to ensure an appropriate boiling action is observed during the 
dispersion step. 
 

5. Fill a graduated cylinder up to the appropriate mark with the BUFFER solution. 

6. Add the BUFFER solution slowly to the stainless steel bowl/ beaker by pouring over the spatula used 

for mixing. 

7. Cover the bowl/beaker with parafilm or plastic wrap. 

8.  Leave the sample to soak overnight for a minimum of 12 hours. 

9. Quantitatively transfer the slurry to an appropriately sized beaker using a limited amount of water. 

10. Place the beaker, with sample, on a stirrer hot plate and insert a stir bar for mixing.  

11. Set the temperature on the hot plate to a setting ~med-low. 

12. Turn on the stirrer.  Increase both the heating and stirring until a gentle boil and mixing of the slurry 

occurs. 

13. Start the timer when boiling state is reached. 

14. Boil for 15 minutes. While boiling, push any material off the sidewalls with a rubber policeman on 

glass rod, rinsing the stirring rod and the sides of the beaker with water.  This is needed to avoid loss 
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of sample and to make sure the entire sample is wetted and being boiled.  Where necessary apply 

force to the agglomerated lumps with the rubber policeman to aid disaggregation. 

15. Turn the hot plate off. 

16. Place a watch glass on top of the beaker to avoid sample contamination. 

17. Move the beaker to a cooling rack or pan.  

18. Start a timer. 

19. Measure and record the temperature at regular intervals until the temperature reaches 25°C.   

20. Record the time at which the sample slurry reaches temperature of 25°C and use this for guidance on 

the cooling time requirements for future samples.  DO NOT allow the samples to sit for more than 30 

minutes prior to measurement, as time can affect the dispersion.   

Note: An ice bath or cooler can reduce the cool down time to less than 20 minutes. 
 

Proceed to 10.5 SAMPLE MEASUREMENTSAMPLE MEASUREMENT of the dispersed 

subsample.  If the Analyst has selected laser diffraction as a measurement step then it is necessary at this 
point to determine the need for “top sizing” of the sample prior to measurement.   
 
 

10.4-B SONICATION WITH IMMERSION PROBE 
 

This dispersion technique provides high dispersion energy.  It has been shown that the presence of 
various process aids (e.g. polyacrylamides, gypsum, sodium silicates, demulsifier) in the original sample 
does not significantly affect the PSD results.  The process described below uses a sonication probe as 
specified. Sonication systems ‘on board’ laser diffraction optical benches do not supply the dispersive energy 
supplied by the specified probe and are not adequate for the purpose of creating an oil sands solids 
dispersion.   

The use of a sonication bath is currently outside of the method.  This exclusion is related to the 
amount of energy input into each sample dispersion container.  The specific geometry of the energy sources 
in the bath will render some spots within the bath as higher energy environments than others.  This will result 
in different amounts of energy input into the slurry processed in different spots in the bath hence different 
degrees of dispersion and higher variances in the data generated.  The method development studies carried 
out did suggest that the degree of dispersion reached a plateau for long sonication times with an immersion 
probe.  It is likely that this plateau could be reached with the use of a bath but each bath type would need to 
be evaluated for each ‘spot’ within that bath to ensure equivalent energy input.  This has not been done.   
 
 

10.4-B-1 APPARATUS, REAGENTS, MATERIALS 
 

 Assorted beakers 

 Ultrasonic processor and probe general specifications: 

o Power of the sonifier: 750 W 

o Frequency and maximum amplitude of the sonification: 20 kHz frequency at 58 

micrometers amplitude when the power is set to 100% automatic tuning and frequency 

control and automatic amplitude compensation.  The actual power delivered is increased 
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and decreased automatically to compensate for viscosity changes in the dispersion 

medium in order to maintain frequency and amplitude. 

o Sonifying power setting: 90% 

o Probe dimensions: ¾ inch (19 mm) diameter solid probe with a 5 inch (127 mm) length.  

Avoid sonifying probes where threaded portions of the probe are immersed in the liquid 

(e.g. replaceable tips) as fine particles may accumulate in the threads and reduce the 

effectiveness of sonification 

o Probe composition: high grade titanium alloy Ti-6Al-4V 

 

10.4-B-2 PROCEDURE 
 

1. Examine the sonication probe, at the beginning of each analysis day, to determine if erosion of the 

probe tip has become unacceptable (e.g. signs of pitting near the rim are just becoming visible).  

Performance of the sonication probe decreases at the earliest signs of pitting.  Pitted probes should 

be replaced. 

2. Switch on the ultrasonic processors.  Set the timer as listed in  

3. Table 5 and set the amplitude at 90%. 

4. Determine the correct placement of the sonication probe within the beaker to be used in the 

experiment. Place the sonication probe into the beaker, centered in the beaker and at a height 

specified by the manufacturer. Set the system so that this placement can be re-established readily 

for each use of the sonifier.  Typically, this will result in the probe tip being immersed below the 

surface 1.5 x the probe tip diameter. For example, for a ¾ inch probe tip the tip will be 1.125 inches 

below the sample surface. 

5. Prepare a carbonate/bicarbonate buffer solution.  Two suggested methods are: 

Buffer Option 1:   1.2602g NaHCO3 diluted to 900 mL and 10% NaOH added until pH = 9.6 

OR 

Buffer Option 2:  15 mL of  1.0M NaHCO3 (8.4011g/100mL) diluted to 1000 mL and 10% 
NaOH added until pH = 9.6 

Note:  This solution will have a shelf life of four (4) weeks.  Date of preparation should be 
marked on the bottle.   

 
 
 
 
Table 5.  Sonication Time and Volume 

 

Sample 
weight, g 

IPA 
Volume, 

mL 
 

IPA Volume, 
mL 

 

BUFFER 
Volume  

mL 

BUFFE
R 

Volume  
mL 

Size of 
Beaker, mL 

Diameter 
of Beaker, 

cm 

Sonification 
time 
(min) 

 
Largely 
Sand 

Largely Clay Largely 
Sand 

Largely 
Clay 

   

0-1 2 2 60 60 100 4.75 3 

1-10 3 3 60 60 100 4.75 3 
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Sample 
weight, g 

IPA 
Volume, 

mL 
 

IPA Volume, 
mL 

 

BUFFER 
Volume  

mL 

BUFFE
R 

Volume  
mL 

Size of 
Beaker, mL 

Diameter 
of Beaker, 

cm 

Sonification 
time 
(min) 

10 - 40 5-10 7-20 80-100 60-105 150 5.5 10 

40 - 80 10-15 15-40 200-260 200-240 600 8.75 30 

80 - 120 15-25 25-60 350-390 240-320 1000 10.25 60 

 
 

1. Transfer a weighed sub-sample obtained from the riffle to a beaker, sized as specified in Table 5.   

2. Wet the transferred solids with a minimum amount of isopropanol (IPA) (typical amounts are 

suggested in  

3. Table 5) and manipulate the sample until the solids are completely wetted (no lumps).   

Caution: Using excessive IPA can lead to bubble issues if using a laser diffraction system in 
the measurement step. 

  
4. Add BUFFER to the beaker following the guidelines in  

5. Table 5.  

6. Sonicate the sample for the time specified.  

7. Inspect the probe for any solids that have traveled above the liquid surface and adhered onto the 

probe stem.  Rinse any solids on the probe tip back into the beaker. A wash bottle containing water 

works well for this.  Remove the probe from the suspension.   

8. Do not let the sonified sample sit for more than 30 minutes before analysis; re-sonify as in step 7 if 

necessary. 

Proceed to 10.5 SAMPLE MEASUREMENT with the dispersed subsample 

 
Note: it may be necessary to screen the dispersed sample through a sieve of a specific size to 
reduce the maximum size of the particles prior to introduction to the recirculation system of a laser 
diffraction system if the volume of the recirculator is small.  See the discussion in Appendix B on 
minimum representative sample size. 
 
 

10.5 SAMPLE MEASUREMENT 
 
There are two dispersed sub-sample measurement options: Laser Diffraction and Sieve methods. 
 

10.5-A LASER DIFFRACTION 
 

10.5-A-1 APPARATUS, REAGENTS, MATERIALS 
 

 Laser diffraction instrument with capability of measuring particles between 0.1 microns and 2000 

microns in size. At the 44 micron level the repeatability should be as stipulated previously in this 

method – see ACCURACY AND PRECISION. 
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 Recirculation system for Laser Diffraction system capable of recirculating water with a volume of not 

less than 800 milliliters.  Larger volume recirculators minimize concerns regarding minimum 

representative sample masses (see APPENDIX B: Minimum Sample Mass Discussion) 

  Recirculators must be connected to a tempered water source that is heated to 25C.  This is to 

avoid condensation on the flow cell windows 

 Computer and instrument specific software  

 Water to meet the water quality specified - see WATER QUALITY. 

 Canned air duster. 

 Micro-90 Concentrated Cleaning Solution  

 Triton X-100 diluted for “as needed” cleaning 

10.5-A-2 SELECTION OF THE OPTICAL MODEL 
 

Most instruments currently available provide the analyst with a choice of optical models. 
 

Optical model based on Fraunhofer approximation 
 
The Fraunhofer approximation was the first optical model used to determine particle size information from 
scattered laser light.  This model is relatively simple and requires no knowledge about the optical properties 
of the material being sized.  It assumes that: 

 The particle interacts with a plane wave of light of known wavelength. 

 The particle completely absorbs the light so that the only diffraction which occurs is at the edge of 

the particle. 

 The particle is highly regular in shape (uniform in all orientations) and can thus be approximated by a 

sphere and adequately described by a single dimensional parameter.  

The Fraunhofer approximation is most suited to particles which are opaque and much larger than the 
wavelength of the light used in the experiment.   
 
Optical model based on Mie theory 
 

Mie theory allows for the primary scattering from the surface of the particle predicting the intensity of this 
from the difference between the refractive index of the particles and the dispersion medium.  Mie theory also 
predicts the secondary scattering caused by light refraction within the particle.  Mie theory is the more 
rigorous and requires more knowledge of the system being measured.   It does, however, account for light 
transmission through the particles and is thus suited to both transparent and opaque particles.   

 

 The particle interacts with a plane wave of light of known wavelength. 

 The particle is highly regular in shape (uniform in all orientations) and can thus be approximated by a 

sphere. 

 The particle has no surface charges. 

 The complex refractive index of the homogeneous particles is known. 
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 The refractive index of the dispersion medium is known. 

 
Neither theory is ideal for the sizing of oil sand derived solids.  However, for the particle size of most 

interest the minus 44 micron fraction, Mie theory is more suitable.  Mie theory requires that the refractive 
index of the materials being measured is known.  The refractive index of  materials such as silica, illite, 
kaolinite,  orthoclase feldspar,  mica and quartz are all reported to lie in the range of 1.50 – 1.60.  
Unfortunately, some materials known to be present in oil sand solids such as rutile (RI: 2.56-2.90) and zircon 
(RI: 1.92-2.02) have refractive indexes very different from this range.    

 
For the purposes of sizing oil sand solids by the method described herein the choice of optical model 

should be the MIE model employing a refractive index for water at 25 C equal to 1.333 and a refractive 
index for the particulate matter of 1.55 with an imaginary component of 0.1i.  It may be necessary to 
verify the refractive index of the circulating fluid if large amounts of IPA are added to the recirculation system.  
It is possible to achieve this by withdrawing about 10 mL of fluid and sample from the recirculator after the 
sample analysis but before draining.  This withdrawn fluid should be filtered through a 0.1 micron filter and 
then the refractive index measured.  The actual refractive index can then be employed to recalculate the 
data from the sample run.   

 
 
 

10.5-A-3 DETERMINATION OF APPROPRIATE PARTICLE CONCENTRATION 
 
 Obscuration is a measure of the concentration of particles in the system.  It is the percentage loss of 
laser light due to the number of particles in the system.  Transmittance is another term used in laser 
diffraction instruments to measure concentration of particles in the system.  It is the amount of light going 
directly through the cell without absorption and blockage due to particles.  
 
 It is important that the particle concentration in the measurement zone of the instrument be high enough 
to achieve adequate signal to noise ratio but low enough to ensure that multiple scattering effects are 
minimal.  In general, multiple scattering effects generally result in larger angle shifts in the refracted light 
which in turn will be interpreted by the system as an increase in “fines” shifting the PSD to lower sizes.  
  
 The exact concentration appropriate for a specific measurement system is a function of the specific 
system configuration as well as the width of the particle size distribution.  There are many more individual 
particles in a given mass of fine particulates than there are in a similar mass of coarse particulates. In 
general, the finer the particles and the narrower the distribution the lower the concentration needs to be to 
avoid multiple scattering.   
 Most instruments monitor either obscuration or transmission of the incident beam as a means of judging 
the likelihood of multiple scattering. The guidance given in an instrument manual with respect to the upper 
bound of the obscuration window is general in nature.   An obscuration nearing 10%, or 90% transmittance, 
is typically used for oil sands solids measurements but the analyst may determine experimentally the 
concentration of particulates at which this multiple scattering affects the particle size distribution in a 
significant manner. 
 

1. Select a sample of oil sand solids which has approximately 60% -75% of its particles sized as 

less than 44 microns.   

2. Riffle the sample into a series of containers such that the contents of a combination of three 

single containers blended when dispersed and measured will result in an obscuration of ~3 or a 

transmittance of 97%. 

3. Measure/record the obscuration (transmittance) of the blend of these first three containers and 

record the resultant PSD. 
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4. Make another measurement of a blend of four containers; noting both the resultant obscuration 

(transmittance) and the resultant PSD. 

5. Continue making blends and measurements until you have recorded obscurations from 3 

through 20, or 97 through 80% transmittance with the resultant PSD curves . 

6. Plot determined %<44 microns as a function of obscuration; %<5 microns as a function of 

obscuration and %<0.5 microns as a function of obscuration.   

7. Select an appropriate range of obscuration values such that the PSD determined is stable and 

does not show signs of either multiple scattering nor poor signal to noise ratios. 

This acceptable range may be applied to the measurement of PSD of oil sand solids.  

 
  

10.5-A-4 MINIMUM SUB SAMPLE MASS TO BE ASSAYED 
 

The table below is the minimum sample mass to be measured based on the top nominal particle size 
in the sample. For detailed discussion and calculations, please refer to APPENDIX B: Minimum Sample 
Mass Discussion.  Systems with small recirculators will restrict the sample mass due to obscuration or 
transmittance criteria.  This restriction will result in the need to remove particles above the maximum 
allowable particle size given in Table 6.  For example, if it is determined that to meet 
obscuration/transmittance limits the mass subsample mass is restricted to 0.27 grams or less, then the 
maximum particle size which can be introduced into and reported from the measurement system is 500 
microns.  A sieve should be used before the sample is introduced into the recirculator.  The amount of 
material retained by this sieve will be required to correct the data obtained from the measurement system.  
This maximum allowable particle size limit is irrespective of the size limit quoted by the instrument 
manufacturer.   
 
 
Table 6. Minimum Representative Sub Sample Mass Required 

 
Minimum 

Representative 
Subsample Mass 
As per ISO 14488 

considerations 
g 

Maximum 
Allowable 

Particle Size, 
microns 

0.27 500 

0.73 710 

1.88 1000 

4.77 1400 

8.13 1700 

12.77 2000 

 
 

10.5-A-5 INSTRUMENT SET-UP 
 

 The instrument should be setup in accordance with manufacturer’s guidelines 

 The instrument should be located on a stable, rigid bench in an area where temperature 

fluctuations are minimal (less than ±1 C). 
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 Consideration must be made for sufficient warm-up time, properly aligned optics, clean optics, 

lack of condensation, lack of bubbles, and no segregation of particles in the flow path. 

 Ensure that the recirculation flow rate is sufficient to prevent settling of the larger particles in any 

part of the water flow path 

 Set up desired user sizes within the instrument software. 

 Create an internal instrument method with operational parameters that will be used with all oil 

sands derived solids.  Automatic “Offsets” or “Align” functions should be set to run before start 

and at minimum every 90 minutes thereafter while running.  

 Ensure that the instrument is correctly functioning as per instrument manufactures specifications 

when used to analyze a traceable spherical certified standard of beads in a size range between 

1 micron and 100 microns. 

10.5-A-6 RUNNING SAMPLES 
 

1. Turn on the instrument and allow it to warm up according to instrument specification. 

2. Turn on the computer and open the instrument software. 

3. Optimize sample data acquisition (measurement) settings according to manufacturer’s instructions 

and set the background data acquisition (measurement) settings to the same value.  

 

4. If the optical bench in use contains an in-line sonication system this should be set as per the 

instrument manufacturers guidelines and should remain at this setting for all runs of samples and 

blanks.  This on board sonication system cannot be considered to take the place of the external 

sonication required in step 10.4-B Sonication with Immersion Probe. 

 

5. Create an internal instrument method with operational parameters that will be used with all oil sands 

derived solids  

 

6. Measure the background.  If the background signal is too noisy take appropriate action to correct by 

either running micro90 solution through the system followed by sufficient rinses to avoid bubble 

formation or, by removing the cell windows for cleaning in accordance with the manufacturer’s 

instructions.  Replace cell windows when necessary. 

Note:  The background is measured for each sample.  Each instrument will 

have different inherent background signals based on the optical 

components.  The background QC limits for each instrument must be 

chosen carefully such that a clean system will pass very often, but a system 

in poor condition will fail, such as when the following issues arise: (1) coarse 

solids from the previous sample were not fully rinsed away, (2) the 

recirculator water is dirty or contains fine bubbles, (3) the optical 

windows/lenses are dirty. Also, visually compare the background against a 

known acceptable reference background to help identify potential issues.  

Make sure that the background is within the established limits specific to 

each instrument before analyzing every sample.  
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7. Set the number of measurements per aliquot to 3.  Remember to leave a wait time between sample 

addition and data collection to allow for the sample solids to thoroughly mix within the recirculating 

system.   

8. Quantitatively transfer the dispersed subsample directly into the instrument recirculator water.  All of 

the material in a single dispersion container selected for analysis must be added to the recirculator in 

order to ensure a representative sub-sample.  Ensure that the instrument does not reduce the 

volume in the recirculator automatically since this removal can bias the sample in the system and 

lead to erroneous results. 

Note:  Do not pour from an elevated height above the water surface to avoid 

entraining air bubbles.  Rinse the beaker with non-pressurized (de-gassed) 

water using a gentle spray to minimize splashing.  

 

9. Observe that the obscuration/transmittance is in the acceptable range.  If the obscuration is below 

acceptable range (transmittance above acceptable range) then a second sub-sample may be 

obtained and dispersed by methods described herein and added to the recirculator.   

10. Abort the run if the obscuration/transmittance exceeds the concentration boundary. 

Note:  Do not add more water to the recirculator to bring the obscuration 

down to an acceptable level because of potential bubble entrainment, 

inadequate mixing, or automatic tank level drop. 

 

11. Verify that there is no material being reported above the maximum particle size limit associated with 

the minimum representative subsample requirements arising from fundamental error considerations 

– see Appendix B.  It may occur that due to the restriction in obscuration values the sample mass 

required to be used will be so small that the entire particle size range cannot be measured.  The 

particles above the ‘top size’ limit must be removed.  Runs which report particles above the 

maximum size must be aborted.  New runs must be carried out that ‘top size’ the subsample first as 

discussed in Appendix B.  Typically, this ‘top sizing’ is achieved by wet sieving the dispersed 

material through a 3 inch sieve of appropriate opening size into the recirculation system and then 

determining how much material was retained on the sieve to allow correction of the data generated.  

12. Press the Drain button to automatically drain and fill the recirculator a minimum of 3 times to clean 

the system before the next background is run prior to analysis of the next sample. 

13. Export the result into user friendly format such as an Excel file. 

14. Account for any particles sizes removed via sieve or if lost in the Dean Stark cleaning process – see 

CALCULATIONS 

10.5-A-7 CARE AND MAINTENANCE 
Note: Additional information is available in the instrument manual.  All manufacturers’ recommendations 
should be followed. 
 

 Inspect the external recirculator filters for discoloration. Replace as needed.  
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 Do not exceed a water supply pressure of 28 psi. 

 Verify and optimize the operation of the circulation pump, debubbling functions and cell rinsing 

and drainage operations on a routine basis using an acceptable QC sample (e.g. Fullers earth or 

traceable glass beads less than 40 microns in size) 

 

 Qualified service personnel should service the instrument at regular intervals as specified in the 

manual. 

 

10.5-A-8 CALCULATIONS 
 
 The required calculations are performed automatically by the instrument software.  Consult the 
instrument manual for more details on these calculations.   
The following corrections must be accounted for: 
 

1. Materials lost through the extraction thimble. 

The material which passes through the extraction thimble is all less than nominally 11 microns.  
For the purposes of generating data regarding the amount of material present less than 44 
microns the weight % of the solids which passed through the thimble need to be accounted for in 
the mass of material less than 44 microns.  
 

𝐶𝑂𝑅𝑅𝐸𝐶𝑇𝐸𝐷 𝑤𝑡% 𝑓𝑖𝑛𝑒𝑠 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒 =   100 (
𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑛𝑒𝑠 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒

𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑𝑠 𝑎𝑠 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑏𝑦 𝐷𝑒𝑎𝑛 𝑆𝑡𝑎𝑟𝑘
 )         

 
𝐶𝑂𝑅𝑅𝐸𝐶𝑇𝐸𝐷 𝑚𝑎𝑠𝑠 𝑜𝑓  𝑓𝑖𝑛𝑒𝑠 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒
= (𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑛𝑒𝑠 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑡ℎ𝑖𝑚𝑏𝑙𝑒)  
+ (𝑚𝑎𝑠𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑖𝑛𝑒𝑠 𝑎𝑠 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑏𝑦 𝐿𝐷 𝑜𝑛 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑠𝑜𝑙𝑖𝑑𝑠) (𝑚𝑎𝑠𝑠 𝑜𝑓 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑠𝑜𝑙𝑖𝑑𝑠)       

 
 

 
2. Materials removed as oversize through the use of sieves.  

Treat the whole sample before sieving or rock removal as 100 
Subtract the percent of sieved out material.  
Apply this to all % below user sizes selected: 
 
 

% 𝑏𝑒𝑙𝑜𝑤 𝑠𝑖𝑧𝑒 =
(100 − %𝑟𝑒𝑚𝑜𝑣𝑒𝑑 𝑏𝑦 𝑠𝑖𝑒𝑣𝑒) × 𝐿𝐷𝑟𝑒𝑝𝑜𝑟𝑡%𝑏𝑒𝑙𝑜𝑤 𝑠𝑖𝑧𝑒

100
 

 

10.5-B SIEVE MEASUREMENT OPTIONS 
 
There are a few options with respect to performing the sieve measurements.  The options provided are: 
 

 If determining the weight percent of fines only, move to the wet sieve section below ( 

 WET SIEVE PROCEDURE). This procedure will enable an evaluation of the >44 and <44 micron 

particle sizes. 

 If proceeding with sieve and laser under 44 micron, consult the following sections: 
o Wet sieve (10.5-B-3)  
o Slurry sampling of the less than 44 micron fraction (10.5-B-4) 
o Laser measurement section (10.5-A) 
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o Dry sieve section (10.5-B-5).  

This procedure will enable a detailed assessment of the >44 and <44 micron particle size 
distribution. 

Note: This procedure is preferred for small reservoir Laser Diffraction systems to help overcome 

possible issues with sample concentration within the Laser Diffraction instrument when a 

large distribution in particle sizes are to be measured. (See APPENDIX B: Minimum Sample 

Mass Discussion).   

 
Figure 2. Diagram of Sieve Measurement Choices 
 

 
 

10.5-B-1 APPARATUS, REAGENTS, MATERIALS:  
 

 Analytical Balance  

 Ultrasonic bath for cleaning 

 Oven 

 Mechanized sieve shaker 

 Sieve series US standard:  
o No. 10 (200 microns) 
o No. 18 (1000 microns) 
o No. 20 (850 microns) 
o No. 35 (707 microns) 
o No. 40 (425 microns) 

 

65 – 115 grams of Wetted Dispersed Sample Solids    

Sieve Fines 

Determination 

only ? 

Sieve  &  

Laser? 

Wet  Sieve  

No. 325  

(44micron) 

Dry Sieve  

Stack  

Wet Slurry 
Subsample 

 

  

 

Laser 

Diffraction 

10.5 B-6 

44µm 

Wet Sieve 
No. 325 

(44micron) 

10.5 B-3 10.5 B-3 

10.5 B-5 

10.5 B-4 
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o No. 45 (354 microns) 
o No. 60 (250 microns) 
o No. 80 (177 microns) 
o No. 120 (125 microns) 
o No. 140 (106 microns) 
o No. 200 (74 microns) 
o No. 325 (44microns) 

 Bottom sieve collection tray 

 Beakers of appropriate size 

 Turbidity meter 

 Thermometer 

 1000ml graduated cylinder 

 Timer 

 Wash bottles 

 Rubber Policeman on glass rod 

 Overhead mixer 

 Disposable syringe or pipette 
 

 
 

10.5-B-2 SIEVE LOADING CONSIDERATIONS 
 
There are a number of considerations involved in the selection of an appropriate subsample mass for 
sieving.  The charge for testing purposes depends upon size of the sieve apertures, the cross sectional area 
of the sieve, the particle size distribution of the charge and the bulk density of the material.  In addition, 
There is a maximum size of particle which can be loaded onto a sieve cloth before damage to the cloth is 
probable. 
 
 

Maximum particle size  

 
It is recommended by ISO, ASTM and BS that the largest particle placed on a sieve cloth to avoid 
damage to the cloth is related to the aperture size A (size in millimeters) by the following: 

 

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 𝑖𝑛 𝑚𝑖𝑙𝑙𝑖𝑚𝑒𝑡𝑒𝑟𝑠 = 10(𝐴)0.7 
 

Therefore for a screen with 44 micron openings the maximum size of a particle loaded onto the sieve 
should be 1200 microns. 
 
 
 
 
Sample Loading Considerations 

Table 7 shows the appropriate sample loading for sieves of various mesh openings and diameters.  
This loading is based on scaling the surface area of the sieve cloth in the various sieves.  This is the 
maximum mass of material on any individual sieve to avoid overloading.  Overloading will result in retention 
of material on the sieve which should have passed and thus result in an underestimation of the fines 
content. 

 
 

Table 7.Appropriate Maximum Sample Loading for Sieves 

 
Mesh Size (microns) 3 inch Diameter Sieve 8 inch Diameter Sieve 12 inch Diameter Sieve 
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 Maximum mass retained 
(g) 

Maximum mass retained 
(g) 

Maximum mass retained 
(g) 

2000 25 180 410 

850 16 115 260 

425 10 75 170 

250 8 60 135 

150 6 40 90 

106 4 30 70 

75 3 20 50 

44 2 12 27 

    

 

10.5-B-3 WET SIEVE PROCEDURE 
 

1. Inspect the 325-mesh sieve under magnifying lens to ensure that it is in good condition.  If the 

mesh is stretched or otherwise damaged, replace this sieve with one that is in good condition. 

2. Weigh the clean and dry 325-mesh sieve and record the mass. 

3. Weigh the sieve collection pan and record the mass. 

4. If there is material retained on the 2000 micron screen used in the disaggregation step, then a 
guard sieve is required.  Use a 1190 micron (16 mesh) guard sieve stacked above the 44 micron 
(325-mesh) sieve.  This is to protect the 325 mesh screen from being blocked and stretched by 
large particles.  Record the mass of the guard sieve. 

 
5. Stir the freshly dispersed subsample prepared in the preceding dispersion section. If boiling was 

the selected dispersion technique, the sample should be allowed to cool to < 30 °C but should 
not be allowed to re-agglomerate by sitting longer than ½ hour.  A chiller or ice bath may be 
used to cool the sample. 
 

6. Start a timer set at 2 minutes and let the sample settle. 
 

7. Pre-wet the sieve by spraying a small amount of water across the surface of the sieve. 
 

8. After the 2 min settling period, decant the fluid portion of the sample onto the sieve guiding the 
liquid with a rubber tipped policeman. 

 
9. Add IPA over the material in the sieve to break the surface tension if the slurry pools on top of 

the sieve and allow the fines laden liquid to flow through.  Up to 30 ml of IPA may be used. 
 

10. Add 50 to 100 mL of water to the sample in the beaker and stir sample with the rubber 
policeman. 

 
11. Start the timer and allow the sample to settle for 1 min. 

 
12. Decant the remaining fluid part of the sample in the beaker over the sieve. 

 
13. If the supernatant is still muddy, repeat the water addition and stirring using 30 seconds to settle. 

This step should be repeated until the supernatant is just cloudy.  Ensure that there are no 
agglomerated particles in the beaker by gently applying force to them with the rubber policeman. 

 
14. Quantitatively transfer the coarser settled material on to the sieve using an inverted wash bottle 

with the tube removed from the base of the cap. 
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15. Rinse the sieve with water.  If a guard sieve was used rinse the guard sieve well and remove it 
from the sieve stack.  The guard sieve must be dried and weighed so that the mass % of 
material retained on this guard sieve can be determined and used in the final calculations. 

 
16. With the 325 mesh sieve held at a 20 – 30 degree angle over the receiving pan, wash the sieve 

by rotating it 180 degrees radially while adding water with a normally configured wash bottle 
(tube attached to cap) until the under washings are clear. 

17. Collect the last 100 mL of washings from the 325 mesh sieve and determine the turbidity of the 
sample to confirm that the washings are “clear’.  The solution coming through the 325 mesh to 
be less than 45 NTU. 

 
18. Do not touch the sieve. 

Note:  If there is difficulty getting the sample to drain through the 325 mesh consider whether 
the sample has been adequately dispersed or if the sample loading on the sieve is 
appropriate. 
 

19. Oven-dry the 325 mesh sieve (and the 16 mesh sieve if used)  at 75 ± 5 °C for at least 3 hours 
to allow determination of the dry weight of solids retained on the top of the sieves.  
 

Note:  The drying temperature for test sieves should not exceed 80°C.  At higher 
temperatures the fine metal gauze sieves in particular could become distorted, the gauze 
tension in the sieving frame could be reduced and the sieve could become less effective 
during the sieving process.  

 
20. Remove the 325 sieve and its contents from the oven. 

 
21. Cool the 325 sieve and solids to room temperature. 

 
22. Weigh the 325 sieve (and the 16 mesh sieve if used)   and record.  These values will allow 

calculation of the fraction of the sample solids greater than 44 microns.  The weight of the -44 
µm fraction is done by difference. 

 
 After wet sieving, the sample fractions so isolated may be used for further analysis if desired. One 
option is sampling the resultant slurry of less than 44 micron material to allow analysis by Laser Diffraction 
for the purposes of determining particle size distribution of the below 44 micron fraction.  The slurry sampling 
step is described below. 
. 
 
 

10.5-B-4 SLURRY SAMPLING OF THE < 44 MICRON FRACTION (FOR THE PURPOSES OF 

LASER DIFFRACTION MEASUREMENT) 
Note: This slurry sub sampling step can only be done on slurries which contain no material 
larger than 50 microns.  Method development studies have shown that this slurry 
subsampling step will bias results to higher fines levels if particles greater than 50 microns in 
size are present in the slurry. 
 

1. Transfer the material less than 44 micron that washed through the 325 sieve quantitatively to a 

suitably size beaker or other appropriate container. 

2. Insert a 45°pitched blade impeller from an overhead stirrer and slowly ramp up the rpm until it 

reaches approximately 1725rpm± 25rpm.  The rpm may be adjusted to create and maintain a 1½” – 

2” vortex. An impeller mixer is preferred to ensure the particles are moving vertically as well as 

horizontally to ensure the sample aliquot is representative. 
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3.  Remove a suitably small increment (e.g. 0.5 mL) of the slurry ~2 cm below the surface using a 

disposable pipette with a minimum 1 mm opening.  Add this aliquot directly to the laser diffraction 

instrument reservoir. 

4. Observe the obscuration or transmittance shown on the laser diffraction instrument display window.   

5. Continue to remove small increments of the slurry while it is in motion; adding these to the 

recirculator until the obscuration or transmittance reaches the manufacturers specified optimum 

range.  Remember that each aliquot so withdrawn must be added to the reservoir in its entirety. 

Note: The volume of the slurry sampled will be related to the volume recovered from the wet 

sieving step. It is preferred that a minimum of 5 aliquots be slurry sampled to obtain the 

desired obscuration or transmittance value on the laser instrument 

6. Start the measurement.  Follow the instructions in the laser diffraction measurement section. 

7. Abort the measurement if upon addition of the <44micron slurry if the obscuration exceeds the 

manufacturer recommended range. 

10.5-B-5 DRY SIEVE PROCEDURE 

 
 This procedure is applicable to the sieve sizing of greater than 44 micron sized material.  Any  
resultant value for material of the less than 44 micron fraction obtained from this procedure should not be 
reported.   
 

1. Disaggregate the oven dried solids retained on the 325 mesh sieve gently with a mortar and pestle. 

2. Inspect standard sieves and receiving pan to ensure that they are not clogged, damaged or 

punctured.  Clean or replace if necessary. 

3. Weigh and record the mass of the receiving pan. 

4. Weigh and record the mass of each sieve to be used. 

5. Stack the desired sieves on top of the receiving pan ranging from the 325 mesh sieve at the bottom 

and moving up in size sequentially ending with the largest sieve at the top. The sieves in the stack 

should have openings which can be described with a regular mathematical relationship.  The two 

most commonly used relationships are the √2 relationship and the 
4
√2 relationship.   

6. Weigh and record the mass of the dried solids.   

7. Pour the solids over the top of the stacked sieves carefully. 

8. Place the sieve stack on the shaker and clamp the stack together with the sieve holder. Shake the 

appropriate time and settings such that an additional minute of sieving results in a change in weight 

reporting to any sieve of less than 1% 

9. Remove the sieve stack (with pan) from the shaker. 

10. Place the stack on the lab bench and rotate the stack 90 degrees, 4 times; each time slightly tapping 

the sieve with the hand from top to the bottom to ensure that all particles smaller than the openings 

of the mesh pass through. 



 

 

  
 Page 34 of 56 

COSIA Fines Measurement Working Group                       ILS Round 2 Interim Method                           Revision Date: February 2016 
Copyright COSIA, All rights reserved 

 

11. Re-weigh each sieve (with retains) on the scale and record each of the weights. 

10.5-B-6 CARE AND MAINTENANCE 
 

Fine mesh sieves are delicate and prone to stretching and damage which affects their accuracy. 
When using or cleaning sieves; 

 Never push or force material through a sieve. 
 

 When cleaning, only brush or wash from the bottom side; the opposite direction of solid flow. 
 

 Weekly, any sieve seen to contain trapped solids, is to be inverted in an ultrasonic bath filled 
with water, non-foaming surfactant and sonicated for 5 minutes. 

 

10.5-B-7 CALCULATIONS 
 

Cumulative percent retained (sieve) = 100
)(.

)(.



gmasstotal

gretainedmass
  

𝑾𝒕 % 𝒍𝒆𝒔𝒔 𝒕𝒉𝒂𝒏 𝟒𝟒 𝒎𝒊𝒄𝒓𝒐𝒏𝒔 = 100- percent retained on 325 mesh sieve during the wet sieve step- 
percent retained on guard sieve if used. 

 
The following corrections must be accounted for: 
 

1. Materials lost through the extraction thimble. 

The material which passes through the extraction thimble is all less than nominally 11 microns.  
For the purposes of generating data regarding the amount of material present less than 44 
microns the weight % of the solids which passed through the thimble need to be accounted for in 
the mass of material less than 44 microns.  
 

𝑪𝑶𝑹𝑹𝑬𝑪𝑻𝑬𝑫 𝒘𝒕% 𝒇𝒊𝒏𝒆𝒔 𝒊𝒏 𝒔𝒂𝒎𝒑𝒍𝒆 =   100 (
𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑛𝑒𝑠 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒

𝑡𝑜𝑡𝑎𝑙 𝑤𝑡 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑𝑠 𝑎𝑠 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑏𝑦 𝐷𝑒𝑎𝑛 𝑆𝑡𝑎𝑟𝑘
 )         

 
𝐶𝑂𝑅𝑅𝐸𝐶𝑇𝐸𝐷 𝑚𝑎𝑠𝑠 𝑜𝑓  𝑓𝑖𝑛𝑒𝑠 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒
= (𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑛𝑒𝑠 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑡ℎ𝑖𝑚𝑏𝑙𝑒)  
+ (𝑚𝑎𝑠𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑖𝑛𝑒𝑠 𝑎𝑠 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑜𝑛 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑠𝑜𝑙𝑖𝑑𝑠) (𝑚𝑎𝑠𝑠 𝑜𝑓 𝑟𝑒𝑐𝑒𝑜𝑣𝑒𝑟𝑒𝑑 𝑠𝑜𝑙𝑖𝑑𝑠)       
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APPENDIX A  Dean and Stark Method 
 
SCOPE 

This method is used to determine the amount of bitumen (oil), water and solids (O/W/S) in a variety 
of oil sand processing streams. It may also be used to prepare solids originating from these samples 
for further analysis such as Particle Size Determination.  Sample size for this method is limited to 
between 40 and 140 grams. 
 

SUMMARY 
 

A weighed sample is separated into bitumen, water and solids by refluxing toluene in a Dean & Stark 
Soxhlet extraction apparatus.  Condensed solvent and co-distilled water are continuously separated 
in a trap designed to recycle the toluene through the extraction thimble, dissolving the bitumen 
present in the sample, while the water is retained in the trap for determination.  This determination 
may be done either volumetrically or gravimetrically.   
 
When all the bitumen has been extracted, the washed solids that are retained in the thimble are 
dried and weighed.   
 
The resulting bitumen/solvent extract and non-filterable solids fraction is separated by centrifuging or 
by micro-filter filtration. An aliquot of bitumen/solvent extract without the solids fraction is dispersed 
on a filter paper allowing evaporation of the solvent and gravimetric determination of the bitumen 
content 
 
 

BACKGROUND 
 

The Dean & Stark extraction method has long been used to measure the oil, water, and solids 
content of oil-containing samples.  Dean & Stark extraction is based on Soxhlet extraction, which 
was first proposed by Franz Ritter von Soxhlet in 1879 for the determination of milk fat, and has 
become the benchmark solid-liquid extraction technique (Soxhlet, 1879).   In 1920, a water trap was 
described by Dean & Stark (Dean & Stark,1920) for the co-distilled water to be separated from the 
boiling solvent and subsequent measurement.  A combination of the extraction thimble and recycled 
hot solvent of the Soxhlet extractor with the water trap of Dean & Stark is the basis of the currently 
used extraction apparatus and method. 
 
The Dean & Stark method was first evaluated for use by Cities Service Athabasca Inc. (now 
Syncrude Canada Ltd.) in 1962, and by 1964 it became the routine method for analyzing core 
samples. 
 
Variations of the Dean & Stark method were developed to analyze other sample-types, including 
extraction froth and tailings streams (Syncrude Canada Ltd., 1979).   
 
Over time, the Dean & Stark method has been refined and has become the industry standard 
reference method for measuring bitumen, water, and solids in a variety of oil sands samples, 
including ore, slurry, froth, middlings, tailings, and froth treatment streams. 
 
A significant advantage of the Dean & Stark method is that the bitumen, water, and solids are 
physically separated and individually measured, typically through weighing.  The weight of the 
measured bitumen + water + solids content typically agrees very well with the original sample weight 
(see Table A-1) 
 
While the Dean & Stark method enjoys widespread acceptance, it is important to note that the 
method as practiced was optimized to analyze typical oil sands core, extraction, froth treatment and 
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tailings samples that contain primarily bitumen, water, solids, and sometimes naphtha.  
Consideration should be given as to where high concentrations of diluent, process aids or other 
additives would report.  Caution is required when using this technique for samples which have 
additives or diluents present.   
 

REPORT FORMAT AND REPORTING LIMITS 
The results are reported as bitumen, water and solid content as weight % to the nearest 0.01% 
along with the mass balance achieved for the sample.  
 

PRECISION, ACCURACY AND QUALITY CONTROL 
 

Precision and Accuracy:  The precision of this determination is illustrated below.   Table A-1 contains 
typical mass balance ranges for a variety of sample types which may be assayed by this method.  Typical 
values relating the precision of the determination for some example oil sand grades are tabulated in Table A-
2 below.  Each data set was derived from the analysis of 10 replicate subsamples following homogenization 
of a larger quantity of oil sand.  Hence, precision values indicated include the variance due to subsampling.  

 
Method Repeatability: 
 
Table A-1: Mass Balance Limits for OWS Analyses 

Sample Type Acceptable Mass Balance Range 

Middlings 99.00% - 101.00% 

Oilsand 99.50% - 100.25% 

 Primary/Secondary  Froth 98.00% - 101.00% 

Reject 99.50% - 100.25% 

  

Tailings 98.00% - 101.00% 

  

 Froth Treatment Feed/Product (contains 
diluent) 

99.00% - 101.00% 

Froth Treatment Tailing (contains diluent) 99.00% - 101.00% 

 
Table A-2: Precision Estimates for Oil Sand Samples 

    

 Mean Value Standard Deviation Relative Standard Deviation 

 Weight % Weight %  

Oil Sand 1    

Bitumen 9.00 0.11 1.23 

Water 3.57 0.16 4.43 

Solids 87.28 0.17 0.19 

    

Oil Sand 2    

Bitumen 8.36 0.25 3.05 

Water 4.80 0.16 3.37 

Solids 86.68 0.20 0.23 

 
Quality Control: 

The mass balance is monitored and reported along with the results.  
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SAMPLE CONSIDERATIONS 

Destructive:  Yes 
Amount required:  40 to 140 g.  Sample must fit entirely into extraction      thimble.  

 Interferences:  Humidity can affect the mass of materials 
 Remaining Sample: The isolated bitumen and water should be considered as hazardous waste. 
   The isolated clean dry solids may be used for further analysis; otherwise 

they should be appropriately disposed of. 
SAFETY CONSIDERATIONS 

This method does not purport  to address all of the safety concerns, if any, associated with its use. It is the 
responsibility of the user of this method to establish appropriate safety and health practices and determine 
the applicability of regulatory limitations prior to use.  

Below are some general safety considerations: 

 

 Before handling any chemical you must read and understand the appropriate Material Safety Data 
Sheet (MSDS). 

 Toluene - Flammable, flashpoint 4oC.  Harmful vapor; irritates eyes and mucous membranes, may 
cause dizziness, headache, nausea and mental confusion.  Liquid can be absorbed through skin.  
Liquid may cause dermatitis.  All manipulations involving toluene solutions should be carried out in a 
fume hood. 

 Bitumen – Flammable, flashpoint 166 oC (Cleveland Open Cup).  May contain compounds exhibiting 
carcinogenic properties. 

 Work in fume hood/well-ventilated area. 

 Glassware - Due to its nature, glassware is easily broken and poses a cut hazard.  Handle 
glassware with respect avoiding excessive force and keeping your hands and body out of the “line-
of-fire”.  Replace chipped, scratched or damaged components as soon as possible.  Consider cut 
resistant gloves (double glove with chemical resistant gloves when appropriate) for higher risk 
activities (e.g. applying higher than finger-tip force, handling wet or slippery glassware, etc.).  In the 
event of breakage, please ensure that all chips and shards (big and small) are carefully and 
thoroughly removed and disposed of in a “broken glass bin”. 

 Kettles may crack during the extraction - glassware should be checked before use.   

 

APPARATUS, REAGENTS, MATERIALS 
 
The assembled extraction apparatus is shown schematically in Figure 1 (modified from Bulmer and Starr 
(Syncrude Canada Ltd, 1979).  All of the dimensions given are for use with 43 x 123 mm cellulose extraction 
thimbles.  It is necessary to scale the equipment for use with other thimble sizes.   

 
Apparatus 
 

 Condenser - A straight tube condenser having a jacket at least 400 mm long with a 24/40 standard 
taper joint. (West type condenser specified in ASTM E123 (2007) is most suitable). 

 Water traps* - Graduated traps of 10, 25 or 50 mL capacities or a drain-type trap, having 24/40 
standard taper joints.  Designs are similar to those described in ASTM E123(2007)  See Appendix A-
1 for specifications. 

 Kettle* - A heat resistant glass vessel having a nominal capacity of 500 mL and a 250 mm minimum 
neck length (including a 55/50 standard taper female joint to accommodate adapter) for use with 
43X123 mm extraction thimble.  For use with the larger 60X180 mm thimbles the nominal capacity 
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must be increased to 1000 mL and a 250 mm minimum neck length (including a 103/60 standard 
taper female joint to accommodate adapter) 

 Kettle-to-Trap Adaptor* - When used with the 43X123 mm thimble this has a 55/50 standard male 
joint with a perforated downcomer extending below the ground glass surface.  The upper part of the 
adapter is fitted with a 24/40 standard taper female joint. When used with the 60X180 mm thimble 
this has a 103/60 standard male joint with a perforated downcomer extending below the ground 
glass surface.  The upper part of the adapter is fitted with a 24/40 standard taper female joint.  

 Thimble Basket
#
 - A corrosion resistant basket to support the thimble.  Fabricated from 1.5 mm 

diameter nichrome or chromel wire using a silver solder bottom joint (see Figure 2). 

 Solvent Distributor
#
 - A corrosion resistant screen (mesh 8) to snugly fit over the open end of the 

thimble (see Figure 3). 

 Heating mantle - 250 Watt, Glas-col, to fit either a 500 mL or a 1000 mL kettle 

 Variacs or temperature controllers. 

 Metal thimble holders and metal baskets.   

 Centrifuge – capable of generating a relative centrifugal force of 1250.  (suitable for use with 
flammable hydrocarbons) 

 Drying oven –, set at 100°C (rated for use with flammable hydrocarbons) 

 Balances: 
- Top loading balance: 810 g capacity, ±0.001 g (1 mg) 
- Analytical balance: 220 g capacity, ±0.0001 g (0.1 mg) 

* denotes articles obtained from a glassblower 
# denotes custom made articles 

Reagents 
 

 Toluene:  reagent grade  

 

Materials 
 

 Extraction thimble - 43 x 123 mm cellulose thimble, single thickness (1 mm wall thickness and 10.0 
µm nominal particle retention; Whatman, Cat. No. 2800432) OR 60 x 180 mm cellulose thimble, 
single thickness (1 mm wall thickness and 10.0 µm nominal particle retention (Whatman Cat. No. 
2800-608) 

 Tissue wipes - 11 x 21 cm (VWR Cat. No. 82003-820) 

 Centrifuge tubes (c-tubes) - 100 mL, conical, graduated (Fisher, Cat. No. 05493) 

 Volumetric flasks - 250 mL, Class A 

 Filter papers - Glass microfibre filters, 15.0 cm diameter, Whatman grade 934-AH 

 Volumetric pipette and bulb - 5 mL 

 Volumetric pipette and bulb - 100 mL 

 Syringe, 50 mL 

 Disposable Whatman syringe filters - 0.45 µm, 25 mm GD/X (Cat. No. 6875-2504) 

 Erlenmeyer flasks - 25 mL with stoppers 

 Metal funnel 

 Tweezers 

 Desiccator complete with desiccant 

 Metal spatulas 
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 Watch glass – diameter 14 cm  

 Timer with a second hand 

 
PROCEDURE 
 
The detailed procedural steps are based on the apparatus presented in Figure 1.  It is acknowledged that 
other minor equipment variations may be acceptable. 
  
 PRELIMINARY PREPARATION: 

1. Check all glassware for cracks. 

2. Prior to use, insert four tissue wipes into each thimble.  Only new, unused thimbles are to be used.   
Dry these for one hour at 100°C. Remove from oven and store in a desiccator.  Place dried thimble 
with kimwipes into holders and weigh to the nearest 1 mg.  Store in desiccator until needed. 

3. Dry cleaned centrifuge tubes for one hour at 100°C in oven, store in a desiccator. Weigh to the 
nearest 0.1 mg prior to use. 

4. Dry the glass fiber filters by placing an open box of filters in an oven at 100°C for two hours. Cool the 
filters in a desiccator.  Number the filters with a pencil and weigh to the nearest 0.1 mg. 

5. Fill the kettles with toluene to just below the heating mantle level, approximately 200 to 300 mL in 
the 500 mL kettle OR 300 to 450 mL in the 750 mL kettle. 

6. Weigh the sample and bottle to the nearest 1 mg.  

   

SAMPLE HANDLING: 
 
 Loading the Sample into the Extractor 
 

1. Turn on the water to the condensers. 

2. Remove the weighed thimble holders with thimbles and kimwipes from the desiccator and place in 
front of the appropriate extractor kettle number at most 10 minutes before loading begins. 

3. Remove the tissue wipes and place the thimble in its support basket.  . 

4. Mount the thimble and basket in the neck of the kettle by spreading the basket's attaching wires. 

5. Quantitatively transfer the sample to the thimble using a spatula and washing with small amounts of 
toluene, wipe the jar and lid dry with the tissue wipes.  Ensure that there are no agglomerates in the 
sample greater than 0.25 inches in size since these may not properly extract during the assay 
process. 

6. Place the tissue wipes in the thimble. 

7. Cover the thimble with the “solvent distributor”, attach the thimble basket to the “kettle-to-trap 
adaptor” and lower the sample into place.   

8. Select the proper trap from Appendix A and assemble apparatus as shown in Figure 1, ensuring 
that all connections are vapor and liquid tight.  (Do not use grease on the ground glass joints.)  

9. Record the weight of the empty sample jar.  Determine the mass of the sample being extracted by 
difference. 
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NOTE: Dimensions shown are for use with 43 X 123 mm thimbles.  All equipment must be scaled for use 
with 60 X 180 mm thimbles. 
 

  
 EXTRACTING THE SAMPLE 

1. Reflux the sample extract at a rate that does not overflow the thimble.  Aluminum foil may be 
wrapped around the upper portion of the extraction apparatus to speed up the process and/or to 
ensure water does not condense in the side arm of the trap. 
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2. Continue refluxing for an additional 30 minutes after the water in the sample is completely 
removed from the sample and is collected in the trap. Before reading the water level or collecting 
water in a jar, add a small amount of toluene to the top of the condenser; thus washing any 
water droplets down into the trap. Check that solvent dripping from the thimble is colourless.  
Some samples may require more extraction time. Extraction times vary widely depending upon 
the amount of bitumen in the sample and upon the size of the agglomerates in the thimble.  
Typical extraction times are in the range of 3 to 10 hours.  The smaller 43X123 thimbles require 
less extraction time than the 60X180 thimbles. 

3. Drain the toluene from the traps until the level in the kettles is below the top of the heating 
mantle to ensure the volume is appropriate for easy transfer to a 250 mL volumetric flask in the 
case of use with the 43X123 mm thimbles OR a 500 mL volumetric flask in the case of the 
60X180 mm thimbles.  .  

4. Turn off power to each individual heating mantle. 

5. Check that solvent dripping from the thimble is colorless. 

 

 WATER MEASUREMENT 

1. Water measurements are taken after the collected water in the trap has reached a constant 
volume and the temperature of the collected water has equilibrated to room temperature.  This 
may be up to 45 min before the extractors are taken down. 

2. Ensure that the water in the sample has collected in the bottom of the water trap and that there 
are no droplets of water ‘hung-up’ on the glassware.  Obvious water droplets clinging to the walls 
of the sidearm after draining signal that the glassware used has not been adequately cleaned.   

3. Read the volume of water in the volumetric trap to within the maximum reading error (listed in 
Appendix A) and place it on the data sheet.  If using a drain trap, drain water into the weighed 
empty sample bottle and when all water has been collected and cooled to room temperature, 
record the weight of the bottle and water.  If desired, phase separating paper may be used to 
ensure that the solvent and water removed from the drain trap are adequately separated.   

 SOLIDS COLLECTION 
 

Remove aluminum foil if used and allow the thimble to “drip dry” until no more toluene is dripping 
from the thimble. 
 
Disassemble the apparatus.   

Remove the thimble from its support basket and return it to its original metal weighing holder. Place 
thimble in the fume hood for a few minutes to allow most of the toluene to evaporate before placing 
the thimbles in an oven rated for use with flammable hydrocarbon.  
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Weigh the dry thimble containing the solids to the nearest 1 mg the following morning after the 
sample has cooled in a desiccator to room temperature. 

If it is observed that the solids still contain bitumen, the extraction process is repeated until all of 
the bitumen has been removed. 

  
BITUMEN SOLUTION 
 
1. Transfer the bitumen/solvent solution (which may contain fine solids) to a 250 mL OR 500 mL 

volumetric flask, depending on the kettle size, rinsing with small portions of toluene. When cool 
to room temperature, dilute to volume.  (NOTE:  Volumetric glassware is calibrated at 20°C.) 
CAUTION: Bitumen/solvent solution and glassware maybe hot; wait for glassware to cool 
before handling. 
 

 FINES CORRECTION  
 
 Small amounts of very fine solids are known to travel through the thimble and report to the 
hydrocarbon solution in the kettle.  The mass of fines must be determined and added to the weight of the 
solids retained in the thimble when the mass of these fines is greater than ~0.5 grams.  Appendix A-2 
provides a discussion of these fines; it has been found experimentally that these fines are largely oil wet 
solids which are likely carried through the thimble by the hydrocarbon/solvent mixture.  Samples containing 
more than ~15 grams of bitumen ( as loaded into the thimble) have been found to allow enough solids to 
travel through the thimble to require a fines correction/centrifugation step (see Appendix A-2).  
 

1. Invert the stoppered volumetric flask containing the bitumen/toluene solution several times to 
suspend the fines present and immediately transfer 100 mL to a clean, dry, pre-weighed 100 mL 
centrifuge tube.   
 

2. Centrifuge with a relative centrifugal force of 1250 for 20 minutes to force the solids present to 
the base of the tube. 

3. Carefully discard the remaining solution (supernatant) in the centrifuge tube so as not to 
dislodge any particles, gently rinse the tube with toluene to remove all of the bitumen solution. 

4. Once rinsed, dry the centrifuge tubes and fine solids in the drying oven (rated for flammable 
hydrocarbon use) at 100°C for a minimum of one hour. 

5. Cool in a desiccator to room temperature and reweigh.   

6. Determine the weight % of ‘fines’ which permeated through the thimble. 

 

 BITUMEN DETERMINATION  
 

1. Invert the stoppered volumetric flask containing the bitumen/toluene solution several times to 
ensure proper mixing. 

2. Rinse a syringe with the sample extract before withdrawing approximately 20 mL from the 
volumetric flask. 

3. Attach a 0.45 micron Whatman syringe filter to the syringe and filter the extract into a 25 mL 
Erlenmeyer flask and stopper the flask. 

4. Support a weighed glass fiber filter on a watch glass and pipet a 5 mL aliquot of the extract 
solution (from the 25 mL Erlenmeyer flask) onto the filter paper’s surface, evenly dispensing and 
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distributing the aliquot in a spiral pattern.  This application process is needed to ensure the 
bitumen solution does not penetrate through the filter paper 

5. Hang the bitumen containing glass fiber filter from a drying rack to evaporate the solvent.  
Repeat this for each sample. Remember to rinse the pipette to avoid any carry-over.  Drying 
curves need to be determined according to each fume hood’s optimal sash height and 
corresponding face velocity. Please refer to APPENDIX  A-3 for instructions on the 
determination of an appropriate drying time.  Ensure the drying time is adequate to remove all of 
the solvent but not so long as to cause evaporative losses of bitumen.  Typical drying times are 
on the order of 15 to 20 minutes. 

6. Immediately after the allotted drying time, weigh the filter + bitumen on the analytical balance. 

 
 
CALCULATIONS 
 

100
Sample Wt.

Water Wt.
=Water %   

 
Density of water is taken as 1 g/mL; hence weight of water (g) is equal to volume of water (mL). 
 
 
when using a 250 mL volumetric flask 
 
 

100
Sample  Wt.

Fines) (Wt. (250/100)  Solids  Wt.
=Solids % 


  

 

 Filter]Wt. -  Bitumen)& Filter of Wt.[(
5

250
=Sample in  BitumenWt.of   

 

100
Sample) Wt.(

sample)in Bitumen  of Wt.(
=%Bitumen   

 
 

QUALITY CONTROL PROCESS 
 

The mass balance is monitored and reported along with the results.   
 
 

ROUTINE MAINTENANCE 
 

 Replace all broken glassware.   

 After fume hoods are serviced, the drying curve of the filter and bitumen samples should be 
checked as these will be dependent on current laboratory conditions (sash height and 
corresponding face velocity). 
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APPENDIX A-1: Water Trap Specifications 
 

TABLE A-1-1: WATER TRAP SPECIFICATIONS 
 

Volume of Trap (mL) Scale Division (mL) Maximum Scale Error (mL) 

10 0.1 0.05 

25 0.2 0.1 

50 0.2 0.1 

Drain none n/a 
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APPENDIX A-2:  Fines Escaping from Thimble 
 
It has been observed that fine solids may report through the thimble into the extract at the bottom of the 
extraction kettle.  In the few cases where sufficient amounts of these solids passing the thimble were 
isolated, the size of these solids was found to be less than 11 microns.  The mass of solids reported from the 
extraction assay should include both those solids retained in the thimble as well as the solids which report 
through the thimble into the extraction kettle.  These solids have been quantitated for over 900 samples of 
varying types.  It has been found that there are cases where the amount of solids which pass through the 
thimble are minimal while in other cases the ‘lost’ solids are found to have significant weight.  A useful 
guideline is that masses of ‘lost’ solids greater than ~0.5 grams require correction.   
 
The experimental data does not support an intuitive view that a greater quantity of <44 micron material in the 
thimble should lead to more fines passing through the thimble. Figure 1 compares these two factors.  The 
chart shows data which is very scattered without any clear correlation between the two factors. For example, 
when the mass of ‘fines’ loaded into the thimble was between 30 and 40 grams virtually no ‘fines’ passed 
through the thimble.  The largest mass of ‘fines’ passing through the thimble was observed to be ~6 grams 
which occurred when ~15 grams of fines were in the solids loaded into the thimble.   
 
 

 
Figure A-2-1. Comparison of  the mass of < 44 micron fines passing through the thimble with the mass of < 
44 micron fines placed within the thimble 
 
Figure A-2-2 plots the mass of ‘fines’ passing through the thimble as a function of the amount of bitumen 
loaded into the thimble for the same samples as shown in Figure A-2-1. This plot indicates that there is a 
strong relationship between the amount of bitumen loaded into the thimble and the amount of solid material 
which passes through the thimble.  The working hypothesis is that the solids which pass through the thimble 
are oil wet and therefore move with the solvent/hydrocarbon through the thimble.  This relationship can be 
used to allow the analyst to select samples most likely to require ‘fines’ correction to the solids mass based 
on the amount of bitumen present in the thimble.  Samples which contain more than ~15  grams of bitumen 
present in the thimble are likely to lose more than ~0.5 grams of fines through the thimble. This then 
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suggests that ‘fines’ corrections should be carried out for these samples.  Samples which contain almost no 
bitumen were observed to have very low losses of fines through the thimble.  One can conclude that those 
samples which contain low levels of bitumen do not require ‘fines’ corrections to be carried out even though 
most of the 100 grams of solids loaded into the thimble are <44microns in size.   
 
   

 
 
Figure A-2-2. Comparison of the mass of fines passing through the thimble as a function of the mass of 
bitumen in the thimble 
 
 
Consideration for the amount of solids lost into the interstices of the thimble itself is more complex. 
(COSIA may consider future work in this area at a later date) 
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APPENDIX A-3:  Establishing an appropriate drying time for Bitumen Determination:  
 
The gravimetric determination of bitumen in the extract taken from the Dean Stark system requires 
dispensing an aliquot of the extract from a pipet onto a pre-weighed glass fiber filter paper followed by drying 
the filter paper to constant weight in a fumehood.  Each individual laboratory will have a different 
configuration of drying system and thus will find it necessary to establish the appropriate drying time for the 
filters.   
 
This can be achieved by following the gravimetric procedure as given in the main body of the method but 
beginning at 5 minutes record the mass of the glass fiber paper  at 1 minute intervals.  Plotting the resultant 
data should lead to a chart like that shown in Figure A-3-1 below . The time at which the mass becomes 
reasonably constant should be chosen as the drying time. 
 
When establishing the drying times be sure to spread the bitumen and toluene aliquot slowly and evenly in a 
spiral fashion over the filter ensuring that the liquid spreads and does not drip through the filter.  Remember 
that the clip used to hang the paper to dry must not cover any of the solution applied to the filter.   
 
Figure A-3-1: Hydrocarbon Weight depending on drying Time 
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APPENDIX B: Minimum Sample Mass Discussion  

 
The total error of a method is made up of several cumulative errors, but in general, the total error equals 
fundamental error + sub-sampling or segregation error + analytical error.  The representative minimum 
sample mass is set to satisfy a desired maximum fundamental error.   
“The fundamental error (FE)...stems solely from the constitution heterogeneity CHL of the 
material being sampled and is the error that remains when a sampling operation is perfect.  The 
fundamental error is the only error that never cancels out.”(Meyers, 1997, p.209)  The larger the 
representative sample mass, the further the fundamental error will be reduced.   
 
A minimum representative sample mass for measurement is calculated in order that all particles in that 
received sample have equal opportunity of being selected in the sub-sampling procedure.  
 
There are several references illustrating the calculation of the fundamental error.  One selected here is:  

 ISO 14488:2007(E) “Particulate materials – Sampling and sample splitting for the determination of 
particulate properties”.   

 
This reference relate the fundamental error to the top size of particles in the lot as well as the distribution.  
The goal is to achieve a minimum number of these larger particles in the subsample.  This is important since 
large particles occupy more volume or mass than their smaller counterparts on a per particle basis.  It is 
essential to properly account for these particles in the sub-sample if the original properties of the sample are 
to be represented. 
 

 
ISO 14488: 
 
ISO 14488 uses the D90 as the characteristic size where the fundamental error is controlled. When this 
upper tail is selected then the user may be confident that the incidental overall PSD is very well represented. 
“It is assumed that the variance of the fundamental error and the number of particles n0 are related in 
accordance with Poisson statistics”: 
 

CV(n0) = 100/√(n0)% 
 

If 10% coefficient of variance (representing fundamental error only) is chosen and the formula rearranged, 

n0 = 

2

0 )(

100











nV
=

2

0 )(10

100











n
= 100 particles above D90 value 

 
From this point the required minimum sample mass is calculated empirically from previous PSD results.  The 
bin sizes in the distribution are converted to average volume per particle (assuming spheres), then individual 
mass per particle (assuming 2.65 gm/cc), followed by number of particles within each bin, and finally the 
required mass to reach 100 particles in the bins above the 90

th
 percentile.  The table below shows an 

example of this process:  Other worked examples are shown in Appendix B-1 
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Columns A, B and D give the results of a preliminary analysis. 
Column C is the calculated geometric mean size (the square root of the products of the size class limits:    
√lower size bin * next upper size bin, cell C1 = √B1*B2, cell C2 = √B2*B3, etc. 
Column E is the individual particle volume in meter cubed:  1/6π(<x>/1000000)

3
 

Column F is the individual particle mass in grams: volume of particle x 2650kg/m
3
 x 1000 

Column G represents the number of particles within a size bin if the total sample size was 100g:  
100/individual mass*percent in bin/100 = 100/F1 * D1/100 
Columns H and I represent the distributions by number of particles and serve as checks for mass balance:   
H:  number in size class per 100g sample / total number of particles in 100g sample *100 
I:  cumulative number of particles in 100g sample  
Column J is the number of particles per size bin if the fundamental error is to be 10%:  
cell I1/100 * cellJ26 
Column K is the mass of particles per size bin if the fundamental error is to be 10%: 
Cell J1 * cell F1 (number of required particles for 10% fundamental error times individual particle mass) 
Cell K26 is the minimum sample mass. 
 
 
 
 
 

 
 
 
 
 

Coarse Ore Sample

A B C D E F G H I J K

x            

µm

Q 3            

% by 

volume

<x>         

µm

dQ 3              

% by 

mass

Volume of 

particle (m3)

<M i>                 

g

ni number in 

size class i per 

100g of sample

dQ0             

% by 

number

Q0 % by 

number

Number if FE 

(amount 

>x90,3) to be 

10%

Mass if FE 

(amount 

>x90,3) to 

be 10% g

1 1 0.15 1.4 0.5 1.48E-18 3.92E-12 1.32E+11 83.6 83.6 4.2E+09 1.65E-02

2 2 0.67 3.2 1.1 1.66E-17 4.39E-11 2.42E+10 15.2 98.9 7.7E+08 3.37E-02

3 5 1.73 10.0 2.4 5.24E-16 1.39E-09 1.74E+09 1.1 99.9 5.5E+07 7.65E-02

4 20 4.14 29.7 2.2 1.37E-14 3.62E-08 6.16E+07 0.0 100.0 2.0E+06 7.08E-02

5 44 6.37 51.4 1.2 7.10E-14 1.88E-07 6.22E+06 0.0 100.0 2.0E+05 3.72E-02

6 60 7.54 66.6 1.3 1.55E-13 4.11E-07 3.05E+06 0.0 100.0 9.7E+04 3.97E-02

7 74 8.79 86.0 3.2 3.33E-13 8.83E-07 3.60E+06 0.0 100.0 1.1E+05 1.01E-01

8 100 11.97 111.8 3.9 7.32E-13 1.94E-06 2.01E+06 0.0 100.0 6.4E+04 1.24E-01

9 125 15.86 136.9 4.3 1.34E-12 3.56E-06 1.20E+06 0.0 100.0 3.8E+04 1.36E-01

10 150 20.14 162.0 4.4 2.23E-12 5.90E-06 7.39E+05 0.0 100.0 2.3E+04 1.38E-01

11 175 24.5 187.1 4.3 3.43E-12 9.09E-06 4.72E+05 0.0 100.0 1.5E+04 1.36E-01

12 200 28.79 212.1 4.1 5.00E-12 1.32E-05 3.12E+05 0.0 100.0 9904.1 1.31E-01

13 225 32.92 237.2 3.9 6.99E-12 1.85E-05 2.12E+05 0.0 100.0 6743.6 1.25E-01

14 250 36.85 262.2 3.7 9.44E-12 2.50E-05 1.48E+05 0.0 100.0 4686.0 1.17E-01

15 275 40.54 287.2 3.5 1.24E-11 3.29E-05 1.06E+05 0.0 100.0 3371.5 1.11E-01

16 300 44.03 324.0 6.4 1.78E-11 4.72E-05 1.36E+05 0.0 100.0 4319.5 2.04E-01

17 350 50.45 385.7 8.1 3.00E-11 7.96E-05 1.02E+05 0.0 100.0 3244.1 2.58E-01

18 425 58.58 461.0 6.8 5.13E-11 1.36E-04 5.00E+04 0.0 100.0 1586.8 2.16E-01

19 500 65.37 591.6 12.7 1.08E-10 2.87E-04 4.41E+04 0.0 100.0 1400.7 4.02E-01

20 700 78.04 771.4 6.3 2.40E-10 6.37E-04 9.81E+03 0.0 100.0 311.7 1.99E-01

21 850 84.29 922.0 4.7 4.10E-10 1.09E-03 4.31E+03 0.0 100.0 137.0 1.49E-01

22 1000 88.98 1021.2 1.0 5.58E-10 1.48E-03 6.90E+02 0.0 100.0 21.9 3.24E-02

23 1042.78 90 1208.3 6.3 9.24E-10 2.45E-03 2.58E+03 0.0 100.0 82.0 2.01E-01

24 1400 96.32 1673.3 3.7 2.45E-09 6.50E-03 5.66E+02 0.0 100.0 18.0 1.17E-01

25 2000 100 100.0

26 TOTAL 99.9 1.58E+11 100.0 5.03E+09 2.26

27 Total rows 23 & 24 10.0 3.15E+03 1.99E-08 100
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Table B1: Predicted Minimum 
Representative Subsample Mass Required 

per ISO 14488 

Minimum 
Representative 

Subsample Mass, 
g 

Maximum 
Allowable 

Particle Size, 
microns 

0.27 500 
0.73 710 
1.88 1000 
4.77 1400 
8.13 1700 

12.77 2000 

 
 

 
Minimum Sample Mass Recommendations 
 
The ISO 14488 approach is preferred for the application of PSD measurement for oil sands and its process 
streams. 
Since we are measuring the particle size distribution of a variety of samples and we do not have a good 
estimate of the properties of each sample beforehand, a ‘worst case scenario’ of basing our fundamental 
error on the possibility of a few particles in the upper end of the distribution will allow a blanket value to cover 
any samples analyzed.  
The minimum sample size limitations arising from a consideration of fundamental error do not strongly 
impact the use of sieves in the range of particle sizes of interest since all 3 inch or 8 inch sieves will require 
subsample masses much larger than that associated with a consideration of fundamental error.   
A limitation of most laser diffraction instruments is the amount of material that can be introduced into the 
system.  The concentration of particles must be dilute enough to avoid multiple scattering.  Many systems 
are supplied with recirculator volumes which restrict the amount of sample which may be assayed to a value 
much less than that associated with a consideration of fundamental error.  Large volume recirculators 
address this problem.  Comminution, or the reduction of average particle size to a smaller particle size, will 
also address this problem.  In a PSD method, the particle size cannot be reduced by comminution as this 
would render the analysis void; however, the use of sieves to remove larger particles serves the same end 
result and allows these larger particles to be re-incorporated into the final distribution result after 
measurement by laser diffraction. 
It is recommended to assess the specific instrument in use for the mass versus obscuration or transmittance 
to observe the maximum mass allowable to reach an obscuration/transmittance within the manufacturers 
recommended range.  Below are example graphs generated on a Mastersizer 2000 showing that a fine 
sample may reach a mass of about 0.2 grams and a coarser sample may reach a mass of about 1.4 grams 
with a stable 10% obscuration.  Using this information, and the example fundamental error tables attached it 
can be concluded that a 710 micron sieve cut will render representative sample masses for measurement on 
the Malvern 2000 with Hydro G recirculator at ~800ml volume.  To keep resolution above this size, a series 
of sieves is needed (i.e. 2000 µm, 1700 µm, 1400 µm, 1000 µm, 710 µm).  A larger micron sieve cut for a 
larger recirculator volume is granted but the imperial data must be used to determine the appropriate mesh 
size.  Extreme caution must be used when carrying this ‘top cut’.  Unfortunately, it is very difficult to assess 
whether aggregates are being retained on the sieve. 
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APPENDIX B-1 Example Calculations 
 

 

 

Fine Ore Sample D90 of 90µm

A B C D E F G H I J K

x            

µm

Q 3            

% by 

volume

<x>         

µm

dQ 3              

% by 

mass

Volume of 

particle (m3)

<M i>                 

g

ni number in 

size class i per 

100g of sample

dQ0             

% by 

number

Q0 % by 

number

Number if FE 

(amount 

>x90,3) to be 

10%

Mass if FE 

(amount 

>x90,3) to be 

10% g

1 1 5.27 1.4 9.2 1.48E-18 3.92E-12 2.35E+12 83.8 83.8 7.9E+07 3.09E-04

2 2 14.5 3.2 18.7 1.66E-17 4.39E-11 4.26E+11 15.2 99.0 1.4E+07 6.26E-04

3 5 33.21 10.0 36.7 5.24E-16 1.39E-09 2.65E+10 0.9 100.0 8.8E+05 1.23E-03

4 20 69.92 29.7 12.5 1.37E-14 3.62E-08 3.44E+08 0.0 100.0 1.2E+04 4.17E-04

5 44 82.39 51.4 3.4 7.10E-14 1.88E-07 1.80E+07 0.0 100.0 6.0E+02 1.13E-04

6 60 85.77 66.6 2.2 1.55E-13 4.11E-07 5.33E+06 0.0 100.0 1.8E+02 7.32E-05

7 74 87.96 81.6 2.0 2.85E-13 7.54E-07 2.70E+06 0.0 100.0 9.0E+01 6.82E-05

8 90 90 94.9 1.1 4.47E-13 1.19E-06 9.11E+05 0.0 100.0 3.0E+01 3.61E-05

9 100 91.08 111.8 2.3 7.32E-13 1.94E-06 1.16E+06 0.0 100.0 3.9E+01 7.52E-05

10 125 93.33 136.9 1.7 1.34E-12 3.56E-06 4.86E+05 0.0 100.0 1.6E+01 5.79E-05

11 150 95.06 162.0 1.3 2.23E-12 5.90E-06 2.27E+05 0.0 100.0 7.6E+00 4.48E-05

12 175 96.4 187.1 1.0 3.43E-12 9.09E-06 1.10E+05 0.0 100.0 3.7E+00 3.34E-05

13 200 97.4 212.1 0.7 5.00E-12 1.32E-05 5.36E+04 0.0 100.0 1.8E+00 2.37E-05

14 225 98.11 237.2 0.5 6.99E-12 1.85E-05 2.65E+04 0.0 100.0 8.9E-01 1.64E-05

15 250 98.6 262.2 0.3 9.44E-12 2.50E-05 1.04E+04 0.0 100.0 3.5E-01 8.69E-06

16 275 98.86 287.2 0.1 1.24E-11 3.29E-05 3.95E+03 0.0 100.0 1.3E-01 4.35E-06

17 300 98.99 324.0 0.1 1.78E-11 4.72E-05 1.27E+03 0.0 100.0 4.3E-02 2.01E-06

18 350 99.05 385.7 0.0 3.00E-11 7.96E-05 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

19 425 99.05 461.0 0.0 5.13E-11 1.36E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

20 500 99.05 591.6 0.0 1.08E-10 2.87E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

21 700 99.05 771.4 0.0 2.40E-10 6.37E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

22 850 99.05 922.0 0.0 4.10E-10 1.09E-03 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

23 1000 99.05 1183.2 0.0 8.67E-10 2.30E-03 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

24 1400 99.05 1673.3 1.0 2.45E-09 6.50E-03 1.46E+02 0.0 100.0 4.9E-03 3.18E-05

25 2000 100 100.0

26 TOTAL 94.7 2.81E+12 100.0 9.38E+07 3.17E-03

27 Total rows 8-24 10.0 2.99E+06 1.07E-06 100

Minimum sample mass

 Ore Sample with D90 ~700

A B C D E F G H I J K

x            

µm

Q 3            

% by 

volume

<x>         

µm

dQ 3              

% by 

mass

Volume of 

particle (m3)

<M i>                 

g

ni number in 

size class i per 

100g of sample

dQ0             

% by 

number

Q0 % by 

number

Number if FE 

(amount 

>x90,3) to be 

10%

Mass if FE 

(amount 

>x90,3) to be 

10% g

1 1 0.34 1.4 0.9 1.48E-18 3.92E-12 2.29E+11 85.3 85.3 2.1E+09 8.43E-03

2 2 1.24 3.2 1.6 1.66E-17 4.39E-11 3.71E+10 13.8 99.1 3.5E+08 1.53E-02

3 5 2.87 10.0 3.1 5.24E-16 1.39E-09 2.20E+09 0.8 100.0 2.1E+07 2.86E-02

4 20 5.92 29.7 3.3 1.37E-14 3.62E-08 9.08E+07 0.0 100.0 8.5E+05 3.08E-02

5 44 9.21 51.4 2.1 7.10E-14 1.88E-07 1.14E+07 0.0 100.0 1.1E+05 2.00E-02

6 60 11.35 66.6 1.5 1.55E-13 4.11E-07 3.56E+06 0.0 100.0 3.3E+04 1.37E-02

7 74 12.81 86.0 1.9 3.33E-13 8.83E-07 2.16E+06 0.0 100.0 2.0E+04 1.79E-02

8 100 14.72 111.8 1.8 7.32E-13 1.94E-06 9.13E+05 0.0 100.0 8.6E+03 1.66E-02

9 125 16.49 136.9 2.5 1.34E-12 3.56E-06 7.05E+05 0.0 100.0 6.6E+03 2.35E-02

10 150 19 162.0 3.4 2.23E-12 5.90E-06 5.73E+05 0.0 100.0 5.4E+03 3.17E-02

11 175 22.38 187.1 4.2 3.43E-12 9.09E-06 4.63E+05 0.0 100.0 4.3E+03 3.94E-02

12 200 26.59 212.1 4.9 5.00E-12 1.32E-05 3.67E+05 0.0 100.0 3.4E+03 4.55E-02

13 225 31.45 237.2 5.2 6.99E-12 1.85E-05 2.81E+05 0.0 100.0 2.6E+03 4.87E-02

14 250 36.65 262.2 5.3 9.44E-12 2.50E-05 2.12E+05 0.0 100.0 2.0E+03 4.97E-02

15 275 41.96 287.2 5.2 1.24E-11 3.29E-05 1.58E+05 0.0 100.0 1.5E+03 4.86E-02

16 300 47.15 324.0 9.8 1.78E-11 4.72E-05 2.07E+05 0.0 100.0 1.9E+03 9.17E-02

17 350 56.94 385.7 12.0 3.00E-11 7.96E-05 1.51E+05 0.0 100.0 1.4E+03 1.12E-01

18 425 68.93 461.0 9.1 5.13E-11 1.36E-04 6.68E+04 0.0 100.0 6.3E+02 8.51E-02

19 500 78.01 584.0 12.0 1.04E-10 2.76E-04 4.34E+04 0.0 100.0 4.1E+02 1.12E-01

20 682 90 690.9 0.8 1.73E-10 4.58E-04 1.68E+03 0.0 100.0 1.6E+01 7.21E-03

21 700 90.77 771.4 3.9 2.40E-10 6.37E-04 6.17E+03 0.0 100.0 5.8E+01 3.68E-02

22 850 94.7 922.0 2.0 4.10E-10 1.09E-03 1.88E+03 0.0 100.0 1.8E+01 1.91E-02

23 1000 96.74 1183.2 1.9 8.67E-10 2.30E-03 8.40E+02 0.0 100.0 7.9E+00 1.81E-02

24 1400 98.67 1673.3 0.7 2.45E-09 6.50E-03 1.05E+02 0.0 100.0 9.8E-01 6.37E-03

25 2000 99.35 100.0

26 TOTAL 100 99.0 2.69E+11 100.0 2.52E+09 0.93

27 Total rows 20-24 84.6 1.07E+04 3.97E-08 100

Minimum sample mass
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 Ore Sample with D90 ~600

A B C D E F G H I J K

x            

µm

Q 3            

% by 

volume

<x>         

µm

dQ 3              

% by 

mass

Volume of 

particle (m3)

<M i>                 

g

ni number in 

size class i per 

100g of sample

dQ0             

% by 

number

Q0 % by 

number

Number if FE 

(amount 

>x90,3) to be 

10%

Mass if FE 

(amount 

>x90,3) to be 

10% g

1 1 0.46 1.4 1.2 1.48E-18 3.92E-12 2.93E+11 81.4 81.4 1.5E+09 6.01E-03

2 2 1.61 3.2 2.8 1.66E-17 4.39E-11 6.31E+10 17.5 98.9 3.3E+08 1.45E-02

3 5 4.38 10.0 5.2 5.24E-16 1.39E-09 3.76E+09 1.0 100.0 2.0E+07 2.73E-02

4 20 9.6 29.7 3.5 1.37E-14 3.62E-08 9.52E+07 0.0 100.0 5.0E+05 1.80E-02

5 44 13.05 51.4 2.0 7.10E-14 1.88E-07 1.08E+07 0.0 100.0 5.6E+04 1.06E-02

6 60 15.08 66.6 1.8 1.55E-13 4.11E-07 4.46E+06 0.0 100.0 2.3E+04 9.56E-03

7 74 16.91 86.0 3.9 3.33E-13 8.83E-07 4.36E+06 0.0 100.0 2.3E+04 2.01E-02

8 100 20.76 111.8 4.5 7.32E-13 1.94E-06 2.34E+06 0.0 100.0 1.2E+04 2.37E-02

9 125 25.29 136.9 5.2 1.34E-12 3.56E-06 1.47E+06 0.0 100.0 7.7E+03 2.73E-02

10 150 30.51 162.0 5.6 2.23E-12 5.90E-06 9.47E+05 0.0 100.0 4.9E+03 2.92E-02

11 175 36.1 187.1 5.7 3.43E-12 9.09E-06 6.30E+05 0.0 100.0 3.3E+03 2.99E-02

12 200 41.82 212.1 5.6 5.00E-12 1.32E-05 4.24E+05 0.0 100.0 2.2E+03 2.93E-02

13 225 47.43 237.2 5.3 6.99E-12 1.85E-05 2.88E+05 0.0 100.0 1.5E+03 2.78E-02

14 250 52.76 262.2 4.9 9.44E-12 2.50E-05 1.97E+05 0.0 100.0 1.0E+03 2.57E-02

15 275 57.68 287.2 4.5 1.24E-11 3.29E-05 1.37E+05 0.0 100.0 7.2E+02 2.36E-02

16 300 62.19 324.0 7.9 1.78E-11 4.72E-05 1.67E+05 0.0 100.0 8.7E+02 4.12E-02

17 350 70.07 385.7 8.7 3.00E-11 7.96E-05 1.10E+05 0.0 100.0 5.7E+02 4.57E-02

18 425 78.81 461.0 6.2 5.13E-11 1.36E-04 4.55E+04 0.0 100.0 2.4E+02 3.23E-02

19 500 85 547.3 5.0 8.58E-11 2.27E-04 2.20E+04 0.0 100.0 1.1E+02 2.61E-02

20 599.02 90 647.5 5.7 1.42E-10 3.77E-04 1.50E+04 0.0 100.0 7.8E+01 2.96E-02

21 700 95.66 771.4 1.4 2.40E-10 6.37E-04 2.18E+03 0.0 100.0 1.1E+01 7.26E-03

22 850 97.05 922.0 1.7 4.10E-10 1.09E-03 1.52E+03 0.0 100.0 7.9E+00 8.62E-03

23 1000 98.7 1183.2 0.8 8.67E-10 2.30E-03 3.44E+02 0.0 100.0 1.8E+00 4.13E-03

24 1400 99.49 1673.3 0.5 2.45E-09 6.50E-03 7.84E+01 0.0 100.0 4.1E-01 2.66E-03

25 2000 100 100.0

26 TOTAL 99.5 3.60E+11 100.0 1.88E+09 0.52

27 Total rows 20-24 79.2 1.91E+04 5.32E-08 100

Minimum sample mass

 Ore Sample with D90 ~300

A B C D E F G H I J K

x            

µm

Q 3            

% by 

volume

<x>         

µm

dQ 3              

% by 

mass

Volume of 

particle (m3)

<M i>                 

g

ni number in 

size class i per 

100g of sample

dQ0             

% by 

number

Q0 % by 

number

Number if FE 

(amount 

>x90,3) to be 

10%

Mass if FE 

(amount 

>x90,3) to be 

10% g

1 1 0.57 1.4 1.2 1.48E-18 3.92E-12 3.11E+11 84.2 84.2 2.0E+08 7.72E-04

2 2 1.79 3.2 2.4 1.66E-17 4.39E-11 5.47E+10 14.8 99.0 3.5E+07 1.52E-03

3 5 4.19 10.0 4.7 5.24E-16 1.39E-09 3.38E+09 0.9 100.0 2.1E+06 2.97E-03

4 20 8.88 29.7 4.4 1.37E-14 3.62E-08 1.22E+08 0.0 100.0 7.7E+04 2.80E-03

5 44 13.31 51.4 1.4 7.10E-14 1.88E-07 7.39E+06 0.0 100.0 4.7E+03 8.80E-04

6 60 14.7 66.6 2.0 1.55E-13 4.11E-07 4.90E+06 0.0 100.0 3.1E+03 1.27E-03

7 74 16.71 86.0 7.2 3.33E-13 8.83E-07 8.15E+06 0.0 100.0 5.2E+03 4.56E-03

8 100 23.91 111.8 10.3 7.32E-13 1.94E-06 5.33E+06 0.0 100.0 3.4E+03 6.55E-03

9 125 34.25 136.9 11.4 1.34E-12 3.56E-06 3.20E+06 0.0 100.0 2.0E+03 7.22E-03

10 150 45.65 162.0 11.0 2.23E-12 5.90E-06 1.86E+06 0.0 100.0 1.2E+03 6.94E-03

11 175 56.61 187.1 9.7 3.43E-12 9.09E-06 1.07E+06 0.0 100.0 6.8E+02 6.15E-03

12 200 66.32 212.1 8.1 5.00E-12 1.32E-05 6.09E+05 0.0 100.0 3.9E+02 5.10E-03

13 225 74.38 237.2 6.5 6.99E-12 1.85E-05 3.50E+05 0.0 100.0 2.2E+02 4.10E-03

14 250 80.86 262.2 5.0 9.44E-12 2.50E-05 2.01E+05 0.0 100.0 1.3E+02 3.18E-03

15 275 85.88 287.2 3.9 1.24E-11 3.29E-05 1.19E+05 0.0 100.0 7.5E+01 2.48E-03

16 300 89.8 300.7 0.2 1.42E-11 3.77E-05 5.30E+03 0.0 100.0 3.4E+00 1.27E-04

17 301.45 90 324.8 5.2 1.79E-11 4.76E-05 1.09E+05 0.0 100.0 6.9E+01 3.29E-03

18 350 95.2 385.7 3.6 3.00E-11 7.96E-05 4.51E+04 0.0 100.0 2.9E+01 2.27E-03

19 425 98.79 461.0 0.5 5.13E-11 1.36E-04 3.38E+03 0.0 100.0 2.1E+00 2.91E-04

20 500 99.25 591.6 0.0 1.08E-10 2.87E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

21 700 99.25 771.4 0.0 2.40E-10 6.37E-04 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

22 850 99.25 922.0 0.0 4.10E-10 1.09E-03 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

23 1000 99.25 1183.2 0.0 8.67E-10 2.30E-03 0.00E+00 0.0 100.0 0.0E+00 0.00E+00

24 1400 99.25 1673.3 0.8 2.45E-09 6.50E-03 1.15E+02 0.0 100.0 7.3E-02 4.75E-04

25 2000 100 100.0

26 TOTAL 99.4 3.69E+11 100.0 2.34E+08 0.06

27 Total rows 20-24 76.1 1.58E+05 4.28E-07 100

Minimum sample mass
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APPENDIX C  Change process 
 
This unified fines measurement method will be refined as industry practice evolves including data results 
from subsequent studies, laboratory experience and evolving sampling methodology. It is understood that 
after the Inter-Laboratory Study is completed, COSIA will provide a structured and transparent process to 
update the method in the future, where industry practitioners and others can propose improvements to the 
method. It is expected this process will follow other methods currently in place with other standard 
organizations.  
 
At a later date, COSIA will evaluate the need to have this method incorporated into an existing standards 
organization such as CGSB, ASTM, ISO or other organization. 
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COSIA Precision of Particle Size Measurements for Solids from Oil 

Sands 

An Inter-laboratory Study 

Pilot Round 

1. Scope and Overview: 

The overall purpose of this interlaboratory study (ILS) is to determine the method precision of 

the Unified Fines Method for minus 44 micron Material and for Particle Size Distribution which 

has been developed by COSIA. The ILS will be conducted following ASTM E691-13: Standard 

Practice for Conducting an Interlaboratory Study to Determine the Precision of a Test Method. 

The ILS will consist of an initial pilot round and one or more subsequent test rounds. The 

purpose of this pilot round is to determine whether the test method and protocols are clear, and 

to serve as a familiarization procedure for participating laboratories. 

 
2. Sample Receipt and Storage: 

The Pilot Round sample set includes mature fine tailings (MFT) and oil sands ore.  Laboratories 

will receive three samples for each testing path they have indicated on the pre-ILS survey.  Each 

jar contains sufficient sample for one measurement and is to be tested only once, no replicate 

testing is required. 

Upon receipt, please note the condition of each sample by checking for any signs of damage or 

leakage.  Report receipt of samples and any damage or leakage immediately to the ILS 

coordinator1. Applicable Material Safety Data Sheets will be provided for each sample type 

provided. 

 MFT samples should be stored at room temperature above freezing. Oil sands samples can be 

stored frozen.   

Pilot round sample IDs indicate whether sample is MFT (P-MFT-xxx) or oil sands (P-OS-xxx). 

Note 1: No samples will be shipped to you unless there is a contract in place with COSIA. 

3. Test Method 

The method to be followed is COSIA’s Unified Fines Method for minus 44 micron Material and 

for Particle Size Distribution. Please discard any copies of this method you may presently 

have in your possession. Download the current applicable version of the method: 

Unified Fines Method for minus 44 micron material and for Particle Size Distribution 

http://www.cosia.ca/initiatives/tailings/tailings-project-research
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The specific version of the method for this ILS round is that downloadable from the above 

COSIA site. 

The ILS Lab Supervisor2 is responsible for ensuring that the method is followed and that results 

are reported accurately and in the format requested. 

4. Testing Period 

The preferred testing period for the pilot sample set is between March 26th and April 17th, 2015.  

The preferred approach is to find a time slot during that period where the testing can be 

completed in the shortest time practical.  This is to minimize the number of operators 

participating in the testing, and significant changes in equipment or environment.  If it is not 

possible to schedule the testing during that time period, please contact the ILS coordinator as to 

when the testing may be completed. The start and end date of your testing should be provided 

in your submitted reporting template. 

If there are some circumstances which prevent you from participating in this pilot round, please 

contact the ILS coordinator immediately. 

5. Sample Order 

Each container is uniquely labeled with a sample ID.  The samples, of a given type, should  be 

run in numerical order as identified on the labels. The sample number and method path 

followed must be reported in your submitted reporting template. 

6. Reporting 

An electronic reporting template for recording your results will be provided via email. This will 

also be available for download from the SharePoint site for this ILS (see below). This reporting 

template specifies all the data and formats that are required for the ILS. 

The reporting template is MSExcel 2010, version 14. Your reporting template should be returned 

to the ILS coordinator via email (fmils@albertainnovates.ca) in MSExcel format (.xlsx or .xls 

formats) only. You should not add any new columns or rows as this would interfere with the 

data consolidation process. 

Make note of any special events that arise during testing in the comments section of the 

reporting template. Notify the ILS coordinator immediately if a significant issue arises that will 

prevent completion of the testing. 

Note 2: As required in your contract with COSIA, data on the measurements should be sent to the ILS 

coordinator. This data can be in free-form and should be submitted in a separate file from the ILS 

reporting template. The only laboratory identifying information should be your assigned ILS lab 

designation. 

mailto:fmils@albertainnovates.ca
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7. Confidentiality 

All information provided by you will be treated as confidential. Only that which is necessary 

for statistical3 evaluation will be provided to the statistician.  The name and location of your 

laboratory will not be published.  Your laboratory will be represented by a code known only by 

you and the ILS coordinator. 

8. Contact Information 

For the purposes of this ILS, all questions, issues, concerns, etc. should be directed by the ILS 

Lab supervisor to the ILS Coordinator. In the event that the ILS Coordinator is unavailable, an 

acting ILS Coordinator will be designated for the interim period. Under no circumstances 

should COSIA be contact directly, during the ILS, regarding any issue related to this ILS (with 

the exception of contract and payment issues). 

 

A SharePoint site has been set up for this ILS. At this site you will find important dates, 

announcements, FAQ, responses to questions arising during the ILS and downloadable 

documents such as the reporting template. The site is read and download only. Any questions 

will need to be submitted via email (fmils@albertainnovates.ca). Unique login information will 

be sent to each ILS Lab Supervisor via email when the Pilot Round of the ILS launches the week 

of March 26th. 

 

Any questions submitted to the ILS coordinator will be anonymized before a response is sought 

and the response will be posted on the SharePoint site with laboratory identifying information 

removed. 

 

Thank you for your willingness to participate and for helping to make this pilot study a success. 

 

ILS Coordinator 

Richard McFarlane 

Heavy Oil & Oil Sands 

Alberta Innovates - Technology Futures 

250 Karl Clark Road 

Edmonton, Alberta T6N 1E4 

Tel: (780) 450-5257 Fax: (780) 450-5242 

Email: fmils@albertainnovates.ca 

 

  

mailto:fmils@albertainnovates.ca
mailto:fmils@albertainnovates.ca
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ILS SharePoint Site 

https://fmils.aitf.ca/default.aspx 

 

Login information will be sent via email when ILS launches during week of March 26th. 

Passwords are case-sensitive and can be changed after login. 

Username: aitfdmz\firstname.lastname 

 

 

Definitions of ILS Member taken from ASTM E691-13 

                                                           
1 ILS Coordinator—The task group must appoint one individual to act as overall coordinator for 

conducting the ILS. The coordinator will supervise the distribution of materials and protocols to the 

laboratories and receive the test result reports from the laboratories. Scanning the reports for gross errors 

and checking with the laboratories, when such errors are found, will also be the responsibility of the 

coordinator. The coordinator may wish to consult with the statistician in questionable cases. 

 
2 Laboratory ILS Supervisor—Each laboratory must have an ILS supervisor to oversee the conduct of the 
ILS within the laboratory and to communicate with the ILS Coordinator. The name of the supervisor 
should be obtained on the response form to the “invitation to participate” 
 
3 Statistician: The test method task group should obtain the assistance of a person familiar with the 

statistical procedures in this practice and with the materials being tested in order to ensure that the 

requirements outlined in this practice are met in an efficient and effective manner. This person should 

also assist the task group in interpreting the results of the data analysis. 

  

 

https://fmils.aitf.ca/default.aspx
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COSIA Precision of Particle Size Measurements for Solids from Oil 

Sands 

An Inter-laboratory Study 

Round 1 

1. Scope and Overview: 

The overall purpose of this inter-laboratory study (ILS) is to determine the method precision of 

the Unified Fines Method for minus 44 micron Material and for Particle Size Distribution which 

has been developed by COSIA. The ILS will be conducted following ASTM E691-13: Standard 

Practice for Conducting an Inter-laboratory Study to Determine the Precision of a Test Method. 

The Pilot Round is completed. All ILS labs should now be fully familiar with the test method, 

and protocols for carrying out the ILS including report. 

 
2. Sample Receipt and Storage: 

The Round 1 sample set includes materials identified as mature fine tailings (MFT) and oil 

sands ores.  Laboratories will receive three samples of each material for each method path 

agreed to in the pre-ILS survey.  Each sample jar contains sufficient sample for the 

measurement. Only one measurement data set is required for each unique sample. 

Upon receipt, please note the condition of each sample by checking for any signs of damage or 

leakage.  Report receipt of samples and any damage or leakage immediately to the ILS 

coordinator1. Applicable Material Safety Data Sheets will be provided for each sample type 

provided. 

 MFT samples should be stored at room temperature above freezing. Oil sands samples can be 

stored frozen.   

3. Sample ID and Method Path for Measurement: 

*** IMPORTANT CHANGE *** 

The sample IDs indicate whether sample is MFT (R1-MFT-xxx) or oil sands (R1-OS-xxx). 

Additionally, if your lab is using more than one method path, samples will include an 

additional identifier (i.e., Path A, Path B, Path C, if lab selected to follow three paths) specifying 

which set of samples should be tested by the same path. For example, if a lab selected paths 1, 5, 

9 and 13 for oil sands then, all samples labelled R1-OS-xxx Path A should be run through path # 

1, samples labelled R1-OS-xxx Path B should be run through path # 5, samples labelled R1-OS-

xxx Path C should be run through path # 9, etc. 

If in doubt, please contact ILS Coordinator. 
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4. Test Method 

The method to be followed is COSIA’s Unified Fines Method for minus 44 micron Material and 

for Particle Size Distribution. Please discard any copies of this method you may presently 

have in your possession. Download the current applicable version of the method: 

Unified Fines Method for minus 44 micron material and for Particle Size Distribution 

The ILS Lab Supervisor2 is responsible for ensuring that the method is followed and that results 

are reported accurately and in the format requested. 

5. Testing Period 

The testing period for the Round 1 sample set is between June 29th and July 27th, 2015.  The 

preferred approach is to find a time slot during that period where the testing can be completed 

in the shortest time practical.  This is to minimize the number of operators participating in the 

testing, and significant changes in equipment or environment.  If it is not possible to schedule 

the testing during that time period, please contact the ILS coordinator as to when the testing 

may be completed. The start and end date of your testing should be provided in your submitted 

reporting template. 

6. Sample Order 

Each container is uniquely labeled with a sample ID.  Ideally samples, of a given type, should 

be run in numerical order as identified on the labels. This will be usefully to demarcate 

samples should issues arise in the measurements. The sample number and method path 

followed must be reported in your submitted reporting template. 

7. Reporting 

Discard old copies of reporting template. An electronic reporting template for recording your 

results will be provided via email. This will also be available for download from the SharePoint 

site for this ILS (see below). This reporting template specifies all the data and formats that are 

required for the ILS. Please use dropdown menu for data entry where provided. 

The reporting template is MSExcel 2010, version 14. Your reporting template should be returned 

to the ILS coordinator via email (fmils@albertainnovates.ca) in MSExcel format (.xlsx or .xls 

formats) only. You should not add any new columns or rows as this would interfere with the 

data consolidation process.  

Only one set of measurements should be reported for each unique sample ID. 

See Unified Fines Method, Section 5, for reporting limits. Percent less than a given particle 

size values are reported to the nearest 0.1%.  

http://www.cosia.ca/initiatives/tailings/tailings-project-research
mailto:fmils@albertainnovates.ca
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Make note of any special events that arise during testing in the comments section of the 

reporting template. Also include equipment that does not meet specifications of the method. 

Notify the ILS coordinator immediately if a significant issue arises that will prevent completion 

of the testing. 

Note 2: As required in your contract with COSIA, data on the measurements should be sent to the ILS 

coordinator. This data can be in free-form and should be submitted in a separate file from the ILS 

reporting template. The only laboratory identifying information should be your assigned ILS lab 

designation. 

8. Confidentiality 

All information provided by you will be treated as confidential. Only that which is necessary 

for statistical3 evaluation will be provided to the statistician.  The name and location of your 

laboratory will not be published.  Your laboratory will be represented by a code known only by 

you and the ILS coordinator. 

9. Contact Information 

For the purposes of this ILS, all questions, issues, concerns, etc. should be directed by the ILS 

Lab supervisor to the ILS Coordinator. In the event that the ILS Coordinator is unavailable, an 

acting ILS Coordinator will be designated for the interim period. Under no circumstances 

should COSIA be contact directly, during the ILS, regarding any issue related to this ILS (with 

the exception of contract and payment issues). 

 

Please use the SharePoint site set up for this ILS to check for important ILS information and 

possible answers to your questions. At this site you will find important dates, announcements, 

FAQ, responses to questions arising during the ILS and downloadable documents such as the 

reporting template. The site is read and download only. Any questions will need to be 

submitted via email (fmils@albertainnovates.ca).  

 

Any questions submitted to the ILS coordinator will be anonymized before a response is sought 

and the response will be posted on the SharePoint site without laboratory identifying 

information. 

 

Thank you for your willingness to participate and for helping to make this ILS a success. 

 

ILS Coordinator 

Richard McFarlane 

Heavy Oil & Oil Sands 

Alberta Innovates - Technology Futures 

250 Karl Clark Road 

mailto:fmils@albertainnovates.ca
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Edmonton, Alberta T6N 1E4 

Tel: (780) 450-5257 Fax: (780) 450-5242 

Email: fmils@albertainnovates.ca 

 

ILS SharePoint Site 

https://fmils.aitf.ca/default.aspx 

 

Login information was sent via email when ILS was launched during week of March 26th 2015. 

Passwords are case-sensitive and can be changed after login. 

Username: aitfdmz\firstname.lastname 

 

 

Definitions of ILS Member taken from ASTM E691-13 

                                                           
1 ILS Coordinator—The task group must appoint one individual to act as overall coordinator for 

conducting the ILS. The coordinator will supervise the distribution of materials and protocols to the 

laboratories and receive the test result reports from the laboratories. Scanning the reports for gross errors 

and checking with the laboratories, when such errors are found, will also be the responsibility of the 

coordinator. The coordinator may wish to consult with the statistician in questionable cases. 

 
2 Laboratory ILS Supervisor—Each laboratory must have an ILS supervisor to oversee the conduct of the 
ILS within the laboratory and to communicate with the ILS Coordinator. The name of the supervisor 
should be obtained on the response form to the “invitation to participate” 
 
3 Statistician: The test method task group should obtain the assistance of a person familiar with the 

statistical procedures in this practice and with the materials being tested in order to ensure that the 

requirements outlined in this practice are met in an efficient and effective manner. This person should 

also assist the task group in interpreting the results of the data analysis. 

  

 

mailto:fmils@albertainnovates.ca
https://fmils.aitf.ca/default.aspx


 

 
Precision of Particle Size Measurements [152] 
June 2017 

19.0  ATTACHMENT 5:  ROUND 2 PROTOCOLS 

 

Protocols for Round 2 
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COSIA Precision of Particle Size Measurements for Solids from Oil 

Sands 

Inter-laboratory Study 

Round 2 

1. Scope and Overview: 

The overall purpose of this inter-laboratory study (ILS) is to determine the method precision of 

the Unified Fines Method for minus 44 micron Material and for Particle Size Distribution which 

has been developed by COSIA. The ILS will be conducted following ASTM E691-13: Standard 

Practice for Conducting an Inter-laboratory Study to Determine the Precision of a Test Method. 

Lab are expected to be fully familiar with the method and to carry out the analyses using only 

equipment and procedures that meet the specifications in the method 

 

2. Sample Receipt and Storage: 

Laboratories will receive three samples of each material for each method path they agreed to 

follow. Upon receipt, please note the condition of each sample by checking for any signs of 

damage or leakage. Report receipt of samples and any damage or leakage immediately to the 

ILS coordinator. Applicable Material Safety Data Sheets will be provided for each sample type 

provided. Samples may be kept at room temperature until ready for use.   

 

3. Practice Sample: 

Labs using a hammermill are being provided with practice samples with known particle size 

distributions. Please run the samples provided through your hammermill, sub-sample, disperse 

and analyze the particle size. Please send in your size analysis (free form MS Excel) as soon as 

available to fmils@albertainnovates.ca 

 

4. Sample ID and Method Path for Measurement: 

The sample IDs indicate whether sample is MFT (R2-MFT-xxx) or oil sands (R2-OS-xxx). If your 

lab is using more than one method path, samples will include an additional identifier. For 

example, if a lab selected paths B and D for oil sands then, all samples labelled R2-OS-xxx Path 

1 should be run through path B, and samples labelled R2-OS-xxx Path 2 should be run through 

path D. If in doubt, please contact ILS Coordinator. 

 

 

mailto:fmils@albertainnovates.ca
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5. Test Method 

The method to be followed is COSIA’s Unified Fines Method for minus 44 micron Material and 

for Particle Size Distribution. Please discard any copies of this method you may presently 

have in your possession. Download the current applicable version of the method: 

Unified Fines Method for minus 44 micron material and for Particle Size Distribution 

 

6. Testing Period 

The testing period for the Round 2 sample set is between May 9th and July 8th, 2016.  The 

preferred approach is to find a time slot during that period where the testing can be completed 

in the shortest time practical.   

 

7. Reporting 

 Discard old copies of reporting template.  

 An electronic reporting template for recording your results will be provided via email 

and will also be available for download from the SharePoint (see below).  

 Use dropdown menu for data entry where provided. 

 The reporting template is MSExcel 2010, version 14. Your reporting template should be 

returned to the ILS coordinator via email (fmils@albertainnovates.ca) in MSExcel format 

(.xlsx or .xls formats) only.  

 Only one set of measurements should be reported for each unique sample ID. 

 See Unified Fines Method, Section 5, for reporting limits. Percent less than a given 

particle size values are reported to the nearest 0.1%.  

 Make note of any special events that arise during testing in the comments section of the 

reporting template.  

As required in your contract with COSIA, data on the measurements should be sent to the ILS 

coordinator. This data can be in free-form and should be submitted in a separate file from the ILS 

reporting template. The only laboratory identifying information should be your assigned ILS lab 

designation. 

 

8. Confidentiality 

All information provided by you will be treated as confidential. Only that which is necessary 

for statistical evaluation will be provided to the statistician.  The name and location of your 

laboratory will not be published.  Your laboratory will be represented by a code known only by 

you and the ILS coordinator. 

http://www.cosia.ca/initiatives/tailings/tailings-project-research
mailto:fmils@albertainnovates.ca
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9. Contact Information 

For the purposes of this ILS, all questions, issues, concerns, etc. should be directed by the ILS 

Lab supervisor to the ILS Coordinator.  

 

Please use the SharePoint site set up for this ILS to check for important ILS information and 

possible answers to your questions. Here you will find announcements, FAQ and downloadable 

documents such as the reporting template.  

 

Thank you for your willingness to participate and for helping to make this ILS a success. 

 

ILS Coordinator 

Richard McFarlane 

Heavy Oil & Oil Sands 

Alberta Innovates - Technology Futures 

250 Karl Clark Road 

Edmonton, Alberta T6N 1E4 

Tel: (780) 450-5257 Fax: (780) 450-5242 

Email: fmils@albertainnovates.ca 

 

ILS SharePoint Site 

https://fmils.aitf.ca/default.aspx 

 

mailto:fmils@albertainnovates.ca
https://fmils.aitf.ca/default.aspx
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