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1. INTRODUCTION 
 

This survey is written to document a standard protocol for identifying mass-volume 
relationships for tailings materials.  The need for establishing a standard protocol has 
arisen in the oil sands mining industry as different engineering disciplines; geotechnical, 
mining, chemical and mechanical, and the geologic discipline work in this industry.  
Various definitions and means of describing the same phenomena have developed which 
have caused confusion and difficulties in communication. 

 
In the mining industry at large, tailings materials are usually described following 

geotechnical engineering practice.  However, different definitions also exist here so this 
survey is generic for all tailings materials. 

 
As geotechnical engineering definitions and parameters dominate in practice, these 

have been identified as such and all other definitions have been labeled as "mining" 
definitions.  The mass-volume phase diagram is always used in geotechnical engineering 
to aid in defining parameters and symbols and to keep track of mass-volume calculations 
to ensure a material balance.  This practice is followed here.  Section 2 is a phase diagram 
where symbols and subscripts are defined. 

 
The definitions, symbols and equations were mainly initially derived in a series of 

technical papers published in the early 1980's by myself and co-workers 
Dr. M.B. Dusseault and Dr. W.D. Carrier III.  Mr. Dennis J. Boratynec, M.Sc. graduate in 
geoenvironmental engineering, has rederived the conversion equations to ensure that they 
are current and has formatted much of this work. 

 
What makes oil sands tailings unique is the occurrence of bitumen.  This organic 

material has a significant influence on the behaviour of the clays in the tailings and its 
presence complicates the definition of terms for oil sand tailings materials.  As the 
bitumen mainly remains with the fines in the tailings and its high viscosity (106 times 
more viscous than water at 20°C) prevents it from readily flowing, the geotechnical 
practice is to assume it is a solid and part of the fines.  As it is necessary sometimes for 
material balance calculations to consider the bitumen separately, both methods are given.  
The definition of one parameter, geotechnical bitumen content, has been changed from 
previous work to now include the mass of bitumen in the mass of solids.  This change 
was done to agree with other definitions and as it simplified many of the conversion 
equations.  Previous calculated geotechnical bitumen contents will now be in error but the 
differences are small and usually not significant. 

 
Sections 3 and 4 provide an index and definitions respectively of tailings 

parameters used in the various engineering disciplines and equations used to calculate the 
parameters once the tailings phase diagram is calculated.  Section 5 shows a number of 
phase diagrams comparing geotechnical and mining (read all other) definitions.  The 
main difference in practice is that mining engineering uses total mass in the denominator 
while geotechnical engineering uses dry mass.  The usual geotechnical practice is to not 
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include the same mass or volume in both the numerator and denominator of an equation.  
This practice has been found to give better and simpler correlations between parameters.  
Void ratio instead of porosity and water content on a dry basis instead of on a wet basis 
are the prime examples.  For those not familiar with geotechnical practice, some surprise 
exists when these parameters are calculated to be greater than 1.00 or 100%. 

 
Section 6 is of most value, containing conversion equations between parameters.  

Great pains have been taken to include the specific gravity or density of water in the 
equations to ensure that they are mathematically and dimensionally correct.  Many 
definitions in the literature leave these out as they are usually, in engineering practice, not 
significantly different from unity.  The degree of saturation has been included in all 
equations so the equations are fully generic.  It should be noted that calculations 
involving the specific gravity of fines-bitumen material must ensure that the correct 
specific gravity or density of this material is used as the low density of bitumen can 
reduce the combined specific gravity considerably below that for fines alone. 

 
Nearly all of the conversion equations in Section 6 require that the specific gravity 

of the pore water, mineral or solids and the degree of saturation of the mass be known.  
These conversion relationships have been derived without any assumptions regarding the 
density or specific gravity of the water, the density of standard water or the degree of 
saturation.  As a result, the appearance of the equations may appear complicated.  
However, since the density or specific gravity of the pore water and the density of 
standard water can usually be taken as unity and for most tailings the degree of saturation 
is 100%, simplifications to the equations can readily be made.  In the Table, columns one 
and two in each row list the mass-volume symbol and name, respectively, while the 
remaining columns contain conversion equations, which can be used to calculate the 
mass-volume relationship of interest. 

 
All parameters are written as decimals, not percentages, to avoid confusion in 

the calculations.  As many parameters are discussed as percentages, care must be 
taken to keep this in mind. 

 
The definition of what constitutes "fines" has not been included.  Generally, in 

geotechnical engineering, fines are the silt size and clay size material.  Various 
definitions exist in civil engineering for the maximum size of silts, such as 60 µm or 
75 µm (U.S. No. 200 sieve) or 80 µm (Metric No. 80 sieve).  In the oil sand industry, 
fines have been defined as less than 45 µm (U.S. No. 325 sieve) or less than 50 µm 
(Metric No. 50 sieve).  For special purposes in oil sand tailings the definition has been 
less than 44 µm or 22µm for mature fine tails.     

 
The definition of clay size is also contentious with the maximum size taken to be 

2 µm or based on the Atterberg Limits (typical geotechnical definitions) or 5 µm or more 
recently 5.5 µm.  It should be noted that these definitions are for the amount of clay size 
material present not the amount of clay.  This is especially true for the oil sand fines 
where large booklets of kaolinite clay occur up to 20 µm or larger in diameter. 
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The amount of active clay material in oil sands tailings is often measured by the 
methylene blue adsorption test.  This test measures the exposed surface area of the clays 
and  using an empirical relationship developed for typical oil sand tailings, the quantity of 
exposed clay mineral in a sample is calculated.  It should be noted that the empirical 
relationship was developed for typical oil sands clay mineralogy.  For tailings with 
different clay mineralogy, the relationship is not valid. 

 
It is apparent that a definition for the maximum size of fines (and therefore the 

minimum size of sand) and for clay size must always be given when discussing tailings 
or oil sands to avoid misinterpretation.  The laboratory procedures for determination of 
these sizes also vary greatly and should also be noted. 

 
Section 7 gives conversion relationships for masses and volumes to aid in the 

completion of the phase diagram and in calculations. 
 
Section 8 is a sample calculation which shows the calculations for all the 

parameters of a sample of mature fine tails. 
 
I would like to thank Dr. Rick J. Chalaturnyk a colleague in oil sand tailings 

research, for reviewing this document.  The entire document is available electronically. 
 
Users of this document are requested to report all errors and questionable symbols 

and parameters.  Methods to simplify this work and to make it more comprehensive will 
be appreciated. 

 
J. Don Scott, Ph.D., P.Eng. 
Professor Emeritus 
Dept. of Civil & Environmental Engineering 
University of Alberta 
Edmonton, Alberta 
Tel:  (780) 492-2636 
Email:  jdscott@ualberta.ca 
Web:  www.geotechnical.ualberta.ca 
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2. Tailings Phase Diagram 
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3. Index of Tailings Parameters 
 Definition Conversion  
  Equation 
 Bitumen Content  - Geotechnical (b)  ................... 8 ....................... 13 
   - Mining (bm) ............................. 8 ....................... 13 
  
 Degree of Saturation (Sr)  ............................................... 8 ....................... 13 
 
 Density  
  - bulk(ρ )  ................................................ 8 ....................... 13 
  - bitumen (ρb)  ....................................... 8 
  - dry (ρd) ................................................. 8 ....................... 13 
  - fines(ρ f)  .............................................. 8 
  - fines + bitumen (ρ fb)  .......................... 8 
  - mineral (ρm)  ........................................ 8 
  - sand (ρsd)  ........................................... 8 
  - solids(ρs)  ............................................ 8 
  - water(ρw)  ............................................ 8 
  - standard water(ρsw)  ........................... 8 
 
 Fines Content   - Geotechnical   I  (f) ................ 9 ....................... 13 
   - Geotechnical  II  (fb) .............. 9 ....................... 13 
   - Mining (fm) .............................. 9 ....................... 14 
 
 Fines-Water Ratio (FWR)  .............................................. 9 ....................... 14 
 
 Gas Content (A)  ............................................................. 9 ....................... 14 
 
 Porosity (n)   ................................................................ 9 ....................... 14 
 
 Sand Content  - Geotechnical (sd) .................. 9 ....................... 14 
   - Mining (sdm) ........................... 9 ....................... 14 
 
 Sand-Fines Ratio (SFR)  ................................................. 9 ....................... 14 
 
 Solids Concentration (η) ............................................... 9 ....................... 14 
 
 Solids Content   - Geotechnical (s) ................... 10 ..................... 14 
    - Mining (sm) ............................ 10 ..................... 15 
 
 Specific Gravity 
  - bitumen (Gb)  ....................................... 10 
  - fines (Gf)  ............................................. 10 
  - fines + bitumen (Gfb)  ......................... 10 ..................... 15 
  - mineral (Gm)  ....................................... 10 
  - sand (Gsd)  ........................................... 10 
  - solids (Gs)  .......................................... 10 ..................... 15 
  - water (Gw)  ........................................... 10 
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 Unit Weight 
  - bulk (γ)  ................................................ 10 ..................... 15 
  - bitumen (γb)  ........................................ 10 
  - dry (γd) ................................................. 10 ..................... 15 
  - fines (γ f)  .............................................. 10 
  - fines + bitumen(γ fb)  ............................ 10 
  - mineral (γm)  ........................................ 11 
  - sand (γsd)  ............................................ 11 
  - solids (γs)  ............................................ 11 
  - water (γw)  ............................................ 11 
 
 Void Ratio   
  - Geotechnical Void Ratio (e)  .............. 11 ..................... 15 
  - Fines Void Ratio (ef) ........................... 11 ..................... 16 
  - Fines-Bitumen Void Ratio (efb)  ......... 11 ..................... 16 

- Sand Void Ratio (esd)  ......................... 11 ..................... 16 
 
 Volume Concentration (φc) ............................................ 11 ..................... 16 
  
 Water Content   - Geotechnical (w) .................... 11 ..................... 16 

 - Mining (wm) ............................. 11 ..................... 16 
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4. Definition of Tailings Parameters 

Bitumen Content - Geotechnical (b) 

  

Bitumen Content - Mining (bm) 

 
M
M

b b
m ==

 tailingsof mass total
bitumen of mass

 

Degree of Saturation (Sr) 

  

 

Density ( ρ ) 
 

 

 

 

V
Ms

ddry ===
 tailingsof  volumetotal

solids of mass
ρρ  

 

 

 

  

 

m

m

sd

sd
mmineral V

M
VV
MM

=
+

+
===

f

f

sand of  volume+ fines of volume
sand of mass + fines of mass

ρρ  

 

sd

sd
sdsand V

M
===

sand of volume
sand of mass

ρρ  

 

s

s
ssolids V

M
====

solids of volume
solids of mass

sand and fines bitumen, of volume
sand and fines bitumen, of mass

ρρ  

 

 

w

w
wwater V

M
===

 waterof volume
 waterof mass

ρρ   

 

 Notes:  1.  Units of density are typically kg/m3 or g/cm3. 
2. If sdρ  = fρ then mρ  = sdρ  = fρ  as there is no bitumen component to mρ .  

3. ρ standard water = ρ sw = 1000 kg/m3 at 1 atmosphere and 40C.    
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Fines Content – Geotechnical  I  (f) 

  

 

Fines Content – Geotechnical  II  (fb) 

  

 

Fines Content - Mining (fm) 

M
M

m
ff ==

 tailingsof mass total
fines of mass

 

 

Fines-Water Ratio (FWR) 

  

 

Gas Content (A) 

  

 

Porosity (n) 

 
 

 

Sand Content (sd) – Geotechnical 

   

 

Sand Content (sdm) – Mining 

 

 

Sand Fines Ratio (SFR) 
  

 

Solids Concentration (η) 

  

 
 Note: Units of solids concentration are typically kg/m3 or g/cm3. 
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Solids Content - Geotechnical (s) 

  

   
Note: Due to the viscosity of the bitumen (106 times that of water) it is not mobile with respect to  

 the water phase and therefore is treated as a solid. 

Solids Content – Mining (sm) 

  

 

Note: This definition of solids content is often used in material balance calculations and it should 
always be noted which definition is being used. 

Specific Gravity (G  ) 

 
sw

b
bbitumen GG

ρ
ρ

===
 waterstandard ofdensity 

bitumen ofdensity 
 

 

 
sw

ines GG
ρ
ρf

ff ===
 waterstandard ofdensity 

fines ofdensity 
 

 

 
sw

b
bbitumenines GG

ρ
ρ f

ff ===+  waterstandard ofdensity 
bitumen)+(fines ofdensity 

 

 

 

sw

m
mmineral GG

ρ
ρ

===
 waterstandard ofdensity 

mineral ofdensity 
 

 

 
sw

sd
sdsand GG

ρ
ρ

===
 waterstandard ofdensity 

sand ofdensity 
 

 

 

sw

s
ssolids GG

ρ
ρ

===
 waterstandard ofdensity 

solids ofdensity 
 

 

 
sw

w
wwater GG

ρ
ρ

===
 waterstandard ofdensity 

 waterofdensity 
 

Unit Weight (γ ) 
  

g = = ×ργγ bulk  
 

g = b ×= bbitumen ργγ  
 

g = d ×= ddry ργγ  
 

 g = ×= fff ργγ ines  
 

 g = b ×=+ bbitumenines fff ργγ  
 

 g = m ×= mργγ mineral  
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 g = sd ×= sdsand ργγ  
 

 g = s ×= ssolids ργγ  
 

 g = w ×= wwater ργγ  
 

 Note: g is the acceleration due to gravity and is taken as 9.81 m/s2.    

Geotechnical Void Ratio ( e ) 

 
s

v

V
Ve ===

solids of volume
 voidsof volume

sand and fines bitumen, of volume
gas of  volume+ water of volume

 

 
Fines Void Ratio (ef) 

 

f
f V

V
e v===

fines of volume
 voidsof volume

fines of volume
gas of  volume+ water of volume

 

 
Fines-Bitumen Void Ratio (efb) 

b

v
b V

V
e

f
f ===

bitumen of  volume+ fines of volume
 voidsof volume

bitumen of  volume+ fines of volume
gas of  volume+ water of volume

 Note: In fe  and bef  the presence of sand is not considered. 

Sand Void Ratio (esd) 

 

sd

v
sd V

V
e ==

sand of volume
  voidsof volume

 

 Note: In sde  the presence of fines and bitumen is not considered. 

Volume Concentration (φc) 

  

Water Content (w) - Geotechnical 

  

Water Content (wm) - Mining 

  

 
Note: By definition summation of the Mining solids content, water content and bitumen content 
equals 100 % while the summation of the Geotechnical solids content, water content and bitumen 
content does not equal 100 %.  See section 5 for visual comparison between Mining and 
Geotechnical definitions and section 6 for conversion relationships. 
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5. Visual Comparison Between Geotechnical and Mining 
Defintions  
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6. Conversion Relationships for Tailings Parameters 
 

Parameter Conversion Equations 
b Bitumen 

Content - 
Geotechnical s

s
b m−= 1  

s
bb m=  

( )wbb m += 1  
 

bm Bitumen 
Content -  

Mining 
mmm swb −−= 1  

w
b

bm
+

=
1

 sbbm ×=  
 

Sr Degree of 
Saturation 

w

s
r Ge

GwS
×

×
=  

w

s

r Ge
s

G
S

×

⎟
⎠

⎞
⎜
⎝

⎛
−×

=

11

 
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=
n
ASr 1  

 

ρ  Bulk Density ( )

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

×
+

×+
=

wrs

w

GS
w

G

w
1
1 ρ

ρ  
( )

w
rws

e
eSGG
ρρ

+

××+
=

1
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

×

−
+

=

wrs

w

GS
s

G
s 1

ρ
ρ  

 

ρd Dry Density 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

×
+

=

rws

w
d

SG
w

G
1

ρ
ρ  

e
s

d +
=
1
ρ

ρ  

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

×

⎟
⎠

⎞
⎜
⎝

⎛ −
+

=

rws

w
d

SG
s

G

11
1

ρ
ρ

 
 

f Fines Content - 
Geotechnical (I) 

rw

f

SGe
Gw
××

×
=

f

f  

rw

f

SGe

G
s

××

×⎟
⎠

⎞
⎜
⎝

⎛ −
=

f

f
11

 
f

e G
e G

f

f s
=

×

×
 

 

fb Fines Content- 
Geotechnical (II)   FWR

wFWRfb
−

×
=
1

 
m

mm
w
bf

fb
−

+
=
1

 

fm Fines Content 
Mining mm b

w
wb −⎟

⎠

⎞
⎜
⎝

⎛
+

−×=
1

1ff
 

( ) mmm bwb −−×= 1ff
 

 
 

Note: All mass-volume ratios are expressed as decimals, not percentages.  See Section 4 for definition of parameters. 
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FWR Fines-Water 
Ratio 

wfb
fbFWR
+

=  

s

wr

G
GeSb

bFWR
××

+
=
f

f
 FWR fb

fb
s

=
+ −
⎛
⎝
⎜

⎞
⎠
⎟

1 1
 

⎟
⎠

⎞
⎜
⎝

⎛×+

=

f
f G

Ge
FWR

w1

1  

A Gas Content 
( ) ( )

( )r
swr

s S
wGGS

wGA −×
×+×

×
= 1

 

( )rSe
eA −×
+

= 1
1

 

( )
( )A

G
s

S G G
s

S
s

r w s

r=

× −
⎛
⎝
⎜

⎞
⎠
⎟

× + × −
⎛
⎝
⎜

⎞
⎠
⎟

× −

1 1

1 1
1

 

( )rSnA −×= 1  

n Porosity 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

×

×
=

1

1

s

wr

Gw
GS

n
 e

en
+

=
1  

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

+

×⎟
⎠

⎞
⎜
⎝

⎛
−

×

=

1
11

1

s

wr

G
s

GS

n
 

 

sd Sand Content - 
Geotechnical 

sd fb= −1  sd f b= − −1    

sdm Sand Content- 
Mining 

    

SFR Sand-Fines 
Ratio 11

−=
fb

SFR  
   

η  Solids 
Concentration η

ρ
=

+1 w  se
e

ρ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+
−=η

1
1  

η ρ= × s  sn ρ−=η )1(  

s Solids Content - 
Geotechnical 

w1
1s
+

=  ( )wrs

s

GSeG
Gs

××+
=  

11

1

+××⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

=

rw
sdry

sw SG
G

s

ρ
ρ

 ⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

−
××

×
−

+

=

1

1
1

1

swrw

ssw

SG

G

s

ρ
ρ
ρ

ρ

 

sm Solids Content - 
Mining 

( )
( )w

bsm +

−
=
1
1

 
mmm wbs −−= 1    

Note: All mass-volume ratios are expressed as decimals, not percentages.  See Section 4 for definition of parameters. 
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Gfb Specific Gravity 
of Fines + 
Bitumen ( )

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛ −
−

=

sdG
fb

sG

fbGfb
11

 G
e G fb

efb
fb s=
× ×

 

  

Gs Specific Gravity 
of Solids 

w
GeSG wr

s
××

=  
⎟
⎠

⎞
⎜
⎝

⎛
−

××
=

11
s

GeS
G wr
s  G

e G
fb es

fb

fb
=

×

×  

( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

−

+
−=

mb

s

GbG
b
b
b

G
1

1

1
1

 

γ  Bulk Unit 
Weight  ( )

w

r
w

s

e

eS
G
G

γγ
+

×+

=
1

 

 
 

γd Dry Unit Weight 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

rs

w

w
d

S
w

G
G
γ

γ  ( ) w

ws
d Ge

xG
 1
  

+
=

γ
γ  

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛ −
+

=

rs

w

w
d

S
s

G
G

11
γ

γ  
 

e Void Ratio 
(Geotechnical) 

n
ne
−

=
1  

wr

s

GS
Gw

e
×

×
=  

wr

s

GS

G
s

e
×

×⎟
⎠

⎞
⎜
⎝

⎛
−

=

11

 b

sb

G
bGee

f

f f××
=  

  
1

 
−

×
=

d

sw G
e

ρ
ρ

 

   

efb Fines-Bitumen 
Void Ratio e

w G
S G fbfb

fb

r w
=

×

× ×  e
e G
G fbfb

fb

s
=

×

×  

bGS

G
se

wr

b

b f

f

f ××

×⎟
⎠

⎞
⎜
⎝

⎛ −
=

11

 

 

ef Fines Void Ratio 
e

w G
S G ff

f

r w
=

×

× ×
 e

e G
G ff

f

s
=

×

×
 

 

 

Note: All mass-volume ratios are expressed as decimals, not percentages.  See Section 4 for definition of parameters. 
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esd Sand Void Ratio 

( )b
G
G

b
G
G

e
e

sd

s

b

s

sd

f

f
f

−×

×+

=
1

  b

b
G
G

sGS
G

e fb

sd

wr

sd

sd f

f

−

×+⎟
⎠

⎞
⎜
⎝

⎛ −×
×

=
1

11

 

 

φc Volume 
Concentration 

( )φ
ρ

ρc
s w

=
+1  

 φ
ρ

ρc
s

s
=

×
 φ

η
ρc
s

=  

w Water 
Content - 

Geotechnical 
11 −=

s
w  

s

wr

G
GeS

w
××

=  
rw

sd

w SG
G

w ××⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=
1

ρ
ρ

 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

××

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

×
−

=

1

1

wrw

sw

SG

G
w

ρ
ρ

ρ

ρ

 
 

wm Water Content - 
Mining 

w
wwm +

=
1

  
 

mmm sbw −−= 1  

Note: All mass-volume ratios are expressed as decimals, not percentages.  See Section 4 for definition of parameters. 
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7. Conversion Relationships for Masses and Volumes 
 
Component Conversion Equations 

M Total Mass of 
tailings 

 

)1(s wMM +×=  
s
MM s=  

  

Mw Mass of Water sw MwM ×=  MwM mw ×=    

Mb Mass of 
Bitumen 

sMbMb ×=  
⎟
⎠

⎞
⎜
⎝

⎛
−

×=
b
bMM m 1b  

MbM ×= mb   

Mf Mass of Fines 
sMbsdM ×−−= )1(f  sMbfbM ×−= )(f  MfM m ×=f   

Mfb Mass of Fines + 
Bitumen 

sMfbM ×=fb  sMsdM ×−= )1(fb    

Msd Mass of Sand ssd MsdM ×=  ( ) ssd MfbM ×−= 1  fbsd MSFRM ×=   

Ms Mass of Solids 
)1(s w

MM
+

=  η×=VMs    

Mm Mass of Mineral 
⎟
⎠

⎞
⎜
⎝

⎛ −
×=

b
bMM bm

1  mm sMM ×=    

V Total Volume of 
Tailings n

VV v=  
⎟
⎠

⎞
⎜
⎝

⎛
+

=

e
e
VV v

1

 
n

VV s
−

=
1

 
η

= sMV  

Vg Volume of Gas ( )rvg SVV −= 1  VAVg ×=    

Vw Volume of Water vrw VSV ×=  

w

s
w

Mw
V

ρ

×
=  VnSV rw ××=   

Note: All mass-volume ratios are expressed as decimals, not percentages.  See Section 4 for definition of parameters. 
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Vb Volume of 
Bitumen 

b

s
b

Mb
V

ρ

×
=  ⎟

⎠

⎞
⎜
⎝

⎛
−

×=
b
bMV

b

m
b 1ρ

 
b

m
b

bMV
ρ

×
=  

 

Vf Volume of Fines 

f

m
f G

Mf
V

×
=  

f

s
f

MbsdV
ρ

−−
=

)1(  
f

s
f

MbfbV
ρ

−
=

)(  
 

Vfb Volume of Fines 
+ Bitumen 

 fb

sMfb
V

ρ

×
=fb  

fb

sMsd
V

ρ

×−
=

)1(
fb  

f

v
e
V

V =fb  
 

Vsd Volume of Sand 

sd

s
sd

Msd
V

ρ

×
=  

( )
sd

s
sd

Mfb
V

ρ

×−
=
1

 
sd

fb
sd

MSFR
V

ρ

×
=  

 

Vv Volume of Voids 
⎟
⎠

⎞
⎜
⎝

⎛
+

×=
e
eVVv 1

 
VnVv ×=  

⎟
⎠

⎞
⎜
⎝

⎛
−

=

11
n

V
V s
v  

r

w
v S

V
V =  

Vs Volume of 
Solids 

( )nVVs −= 1  
e
VV v

s =  
e

VVs +
=
1

 
)1(s w

MV
s +ρ

=  

Vm Volume of 
Mineral 

m

b

m
b
bM

V
ρ

⎟
⎠

⎞
⎜
⎝

⎛ −
×

=

1

 m

m
m

sM
V

ρ

×
=  

  

Note: All mass-volume ratios are expressed as decimals, not percentages.  See Section 4 for definition of parameters. 
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8. Sample Calculations for a Laboratory Sample of Oil Sands 
Tailings 

Total mass of sample prior to drying (M) 105.00 g
Total mass of sample after drying (Ms) 33.00 g
Total volume of sample prior to drying (V) 86.0 cm3

Calculations
1. Use the following known values for oil sand tailings.

ρ
sd = 2650 kg/m3 = 2.650 g/cm3 Gsd = 2.65

 ρ
f
 = 2650 kg/m3 = 2.650 g/cm3 Gf = 2.65

ρ
b = 1030 kg/m3 = 1.030 g/cm3 Gb = 1.03

ρ
w = 1000 kg/m3 = 1.000 g/cm3 Gw = 1.00

2. Measure the following using standard laboratory techniques.
Mb = 1.10 g

Msd = 3.90 g
Mf = 28.00 g

3. The following phase components are calculated using the appropriate 
phase relationships.

Mw = M - Ms = 105.00 g - 33.00 g = 72.00 g
Mm = Ms - Mb = 33.00 g - 1.10 g = 31.90 g
Vb = Mb / ρb = 1.10 g / 1.03 g/cm3 = 1.07 cm3

Vsd = Msd / ρsd = 3.90 g / 2.65 g/cm3 = 1.47 cm3

Vf = Mf / ρf = 28.00 g / 2.65 g/cm3 = 10.6 cm3

Vfb = Vf + Vb = 10.6 cm3 + 1.07 cm3 = 11.7 cm3

Vw = Mw / ρw = 72.00 g / 1.00 g/cm3 = 72.0 cm3

Vs = Vb + Vsd + Vf = 1.07 cm3 + 1.47 + 10.6  = 13.1 cm3

Vm = Vsd + Vf = 1.47  + 10.6 = 12.1 cm3

Vv = V - Vs = 86.0 cm3 - 13.1  = 72.9 cm3

Vg = Vv - Vw = 72.9 cm3 - 72.00 cm3 = 0.9 cm3
 

 
 
 
 
 

Phase Diagram 
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Mass (g) Volume (cm3)

0.0 Gas 0.9
ρ

g = 0g/cm3 

72.0 Water 72.9 72.0

105.0 ρ
w = 1.00g/cm3 86.0

1.1 Bitumen 1.07
ρ

b = 1.03g/cm3 

29.1 11.63

28.0 Fines 10.56

33.0 31.9 ρ
f = 2.65g/cm3 12.03 13.1

3.9 Sand 1.47

ρ
s = 2.65g/cm3 

 
 
 
4. The relevant parameters are calculated using the appropriate definition. 

Bitumen Content – Geotechnical (b) 

 or 3.33  % 

Degree of Saturation (Sr) 

 

Density (ρ) 
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3
3 g/cm 384.0

cm 86.0
g 00.33

 tailingsof  volumetotal
solids of mass

=====
V
M s

ddry ρρ   

Fines Content – Geotechnical  I  (f) 
 

% 84.8or    0.848
g 33.00
g 00.28

solids of mass
fines of mass

sand and fines bitumen, of mass
fines of mass

=====
sM

M ff  

 
Fines Content – Geotechnical  II  (fb) 
 

  

 
Fines – Water Ratio  (FWR) 
 

% 28.8or   288.0
g 1.101
g 1.29

 waterof mass bitumen  of mass fines of mass
bitumen of mass + fines of mass

==
++

+
=

++
=

wf

bf

MMM
MMFWR
b

 

Gas Content (A) 

  or 1.0 % 

Porosity (n) 

 or 

84.8% 
 
Sand Content - Geotechnical (sd) 

 

 
Solids Concentration (η) 
 

 

Solids Content – Geotechnical (s) 

  or 31.4 % 
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Specific Gravity (G)  

 49.2
g/cm 00.1
g/cm 49.2

 waterstandard ofdensity 
bitumen)+(fines ofdensity 

3

3

=====+
sw

fb
fbbitumenfines GG

ρ

ρ
 

  

 2.52
g/cm 00.1
g/cm 2.52

 waterstandard ofdensity 
solids ofdensity 

3

3

=====
sw

s
ssolids GG

ρ
ρ

 

  

Void Ratio (e) - Geotechnical 

 5.56 
cm 13.1
cm 72.9

solids of volume
voids of volume

sand & fines bitumen, of volume
 gas of volume +  waterof volume

3

3
=====

sV
vVe  

 
Fines Void Ratio (ef) 

 6.90 
cm 6.10
cm 72.9

fines of volume
voids of volume

fines of volume
 gas of volume +  waterof volume

3

3
=====

fV
vV

fe  

 
Fines-Bitumen Void Ratio (efb) 
 

23.6
cm 7.11
cm 9.72

bitumen of volume+fines of volume
 voidsof volume

3

3

====
fb

v
b V

V
ef  

Volume Concentration (φc) 

 

Water Content (w) - Geotechnical 

 182.2
g 33.00
g 00.72

solids of mass
 waterof mass

sand and fines bitumen, of mass
 waterof mass

=====
s

w

M
M

w  or 218.2 % 

 


