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THE BASICS OF BITUMEN 

Bitumen is a naturally occurring, viscous (like molasses) mixture of hydrocarbons. Bitumen molecules can 
contain thousands of carbon atoms! This makes bitumen one of the most complex molecules found in nature. 
In its natural state, it is not recoverable through a well like conventional petroleum. Bitumen cannot be refined 
into common petroleum products like gasoline, kerosene, or gas oil without first being upgraded to crude oil. 
The API of bitumen is 8 - 14" 

On average, Bitumen is composed of: 

Carbon- 83.2% 

Hydrogen- 10.4% 

Oxygen- 0.94% 

Nitrogen- 0.36% 

Sulphur- 4.8% 


The remaining content is made up of small quantities of methane and hydrogen sulphide, along with traces of 
nickel, iron and vanadium. 

Aboriginal peoples of the Athabasca and Clearwater River regions used bitumen as waterproofing on birch bark 
canoes and they also made smudge pots to ward off mosquitoes in the summer time. 

In 1719, a Cree named Wa-Pa-Su (meaning "the Swan") presented a sample of bitumen for trade at the 
Hudson's Bay Company to Henry Kelsey, who was the first recorded European to see it. 

In 1788, Alexander MacKenzie provided the first recorded description of the Athabasca oil sands: "At about 24 
miles from the fork (ofthe Athabasca and Clearwater Rivers) are some bituminous fountains into which apole 
of20 feet long may be inserted without the least resistance. " 

In 1884, Robert Bell of the Geological Survey of Canada wrote: ". . .The banks of the Athabasca wouldfurnish 
an in exhaustible supply offuel..[they] have found it to contain from 12-15per cent of bitumen. Although this 
proportion may appear small, yet the material occurs in such enormous quantities that a profitable means of 
extracting oil ...may be found. " 

In 1953, Robert Fitsimmons wrote a paper entitled The Alberta Tar Sands. In this report Fitsimmons wrote, 
" In the summer of 1922 I went to Fort McMurray ...to investigate the possibilities of obtaining oil from the 

Bituminous sand ...I was struck with the richness of the deposit ...and decided to purchase the adjoining 
property.. " 
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SURFACE MINING: 

EXTRACTION 


HISTORY 

G.C. Hoffman of the Geological Survey of Canada first attempted the separation of bitumen from oil sand with 
the use of water in 1883. In 19 15, Sidney Ells of the Federal Mines Branch began to study oil sands separation 
techniques and used the bitumen to pave 600 feet of road in Edmonton, AB that lasted for 50 years. Dr. Karl 
Clark of the Alberta Research Council, after extensive experimentation, was granted a patent for the hot water 
extraction process in 1928. The present extraction process is still very much based on the methods used 
decades ago. 

CONDITIONING 

The first step in separating bitumen from sand is conditioning. In this step, any large lumps of oil sand are 
broken up and coarse material is removed. The oil sand is then mixed with water. One of the earlier methods to 
condition oil sand was to mix it with hot water in huge tumblers or conditioning drums. This mixture of water 
and oil sand is called a slurry. The tumblers introduced air into the slurry and screened it to remove coarse 
material. A newer approach eliminates tumblers or conditioning drums altogether. After the oil sand is crushed 
at the mine site, it is mixed with warm water and then moved by pipeline to the extraction plant. The piping 
system is called hydrotransport, this is one of the most exciting new developments in oil sands processing. 

Hydrotransport is cost effective and efficient. It replaces the old conveyor system between the mine and the 
extraction plant. It basically combines two steps into one. It conditions the oil sand while moving it to 
extraction. The water used for hydrotransport is cooler than in the tumblers or conditioning drums, hrther 
reducing energy costs. 

Conditioning by either method is an important step that launches complex physical and chemical changes. It 
starts the separation of the bitumen from the sand by breaking the bonds that hold the bitumen, water and sand 
together. 

SEPARATION 

The blended slurry is fed into a Primary Separation Vessel (PSV) 
where it is allowed to settle into three layers. Additional hot water 
is added as the slurry arrives which allows separation to take place 
rapidly. Impure bitumen froth floats on top, sand sinks to the bottom 
and a combination of bitumen, sand, clay and water sits in the middle t;d;;;;,ior
(known as middlings). The settling and separation takes approximately 
20 minutes. The PSV has a rake at the bottom that pulls the sand down 
and speeds up the separation. The sand, mixed with water, is pumped 
into settling basins called tailings ponds. 
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EXTRACTION, Continued: 

SECONDARY SEPARATION 

The middlings is a suspended mixture of clay, sand, water and some bitumen. The middlings go through a 
process called secondary separation. There are different methods, but basically it involves injecting air into the 
midd.lings in flotation tanks. This added air encourages the creation of additional bitumen froth. The intent is 
to recover a further 2 -4% of bitumen. Bitumen from the secondary recovery system is recycled back to the 
primary system. Steam is used to heat the froth (to approximately 80°C) and remove excess air bubbles, in a 
vessel called a de-aerator. Air must be removed, to allow pumps to operate efficiently (Aerated froth causes 
cavitation which could destroy the pump). 

FROTH TREATMENT 

Bitumen froth is far from pure, it contains, on average, about 30% water and 10 % solids (mainly clays) by 
weight. De-aerated bitumen froth from the extraction area is now cleaned of solids and water in the froth 
treatment plant or counter-current decantation vessels (Albian Sands). 

At the froth treatment plant the bitumen is diluted with naphtha, to make it flow easily and then goes through a 
combination of Inclined Plate Settlers (IPS), and Centrifuges. Inclined plate settlers allow for particles to 
settle efficiently under gravity, in a relatively small vessel by increasing settling area with inclined plates. A 
centrifuge uses centrifugal force to spin heavier materials outward. There are two types of centrifuge in 
operation in froth treatment: 

The scroll centrifuge is used to spin out coarser particles, and relies on an auger like action to 
convey solids out of the machine 

The disc centrifuge is used to remove the finer material, including very small water droplets. 
The disc centrifuge works like a spin cycle on a washing machine and spins the remaining solids 
and water outward. This stream is collected as tailings 

Centrifuges may eventually be phased out, as IPS separation is advancing considerably. 

The clean diluted bitumen product is now dry (less than 5% water) and with only small amount of solids (0.5% 
mineral). This completcs the extraction process. This hot water extraction process recovers over 91% of the 
bitumen containcd in the oil sand feed. The bitumen is now ready to be upgraded into synthetic crude oil. 

Froth treatment tailings have trace amounts of naphtha, which is recovered in a stream-stripping column called 
a NRU (naphtha recovery unit), before the tailings are discharged to the tailings ponds. 

The counter-current decantation vessels at Albian Sands mix solvent with the bitumen feed. Water, solids and 
some ashpaltenes (heaviest component of bitumen) are removed. The end result is a clean diluted bitumen 
called Dilbit. The Dilbit is sent down the Corridor pipeline to the Scotford Upgrader where the bitumen is 
processed further. 
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UPGRADING 

Upgrading is the process that changes bitumen into synthetic crude oil. Bitumen, like crude oil, is a very 
complex mixture of chemicals (a hydrocarbon with chains in excess of 2,000 molecules). It also has a lot of 
carbon in relation to hydrogen. Some upgrading processes remove carbon, while others add hydrogen or 
change molecular structures. Upgrading also involves sorting bitumen into its component parts and then using 
them to produce a range of additional products and byproducts. Some of these products can be used "as is". 
Others become raw materials for hrther processing. The main product of upgrading is synthesized crude oil 
that can be later refined like conventional oil into a range of consumer products. 

There are four main steps to the upgrading process: Thermal Conversion, Catalytic Conversion, Distillation, and 
Hydrotreating. The purpose of upgrading is to separate the light and convert the heavy components of bitumen 
into a refineable product. Different companies use these processes in different ways and at different stages in 
the transformation of bitumen into synthetic crude oil, but the principles behind this transformation remain the 
same. Syncrude and Suncor upgrade their bitumen at their plant sites. Albian Sands sends diluted bitumen 
down their pipeline to the Scotford Upgrader where it is upgraded into synthetic crude oil. 

The initial step in upgrading is to remove naphtha in a simple distillation process (diluent recovery unit). This 
naphtha can then be re-used in the froth treatment process. 

THERMALCONVERSION (COKING) 
Thermal Conversion or Coking involves breaking apart the long heavy hydrocarbon molecules using heat. 
Hydrocarbons have an interesting and very useful property. If they are subjected to high temperatures they will 
react and change their molecular structures. The higher the temperature, the faster these reactions will happen. 
This is sometimes called "Cracking" because large hydrocarbon molecules can be made to crack, or break down 
into smaller molecules. Coking is an intense thermal cracking process. It is particularly useful in upgrading 
bitumen into lighter, refineable hydrocarbons (naptha, kerosene distillates, and gas oils) and concentrates extra 
carbon into a material called coke. The coke is considered a byproduct of the coking process. Currently oil 
sands companies use two types of coking to upgrade bitumen: delayed coking and fluid coking. 

Delayed coking is a process where bitumen is heated to 500°C (925"F), then pumped into one side of a double- 
sided coker. The bitumen cracks into two products: solid coke and gas vapour. It takes approximately 12 hours 
to fill one side with coke. When one coke drum is h l l  the heated bitumen is diverted into the 2"d coker in the 
pair to continue the cracking process. A high-pressure water drill is used to cut out the solid coke from the first 
coking drum. The fluid coking process is similar except it is a continuous process. There is just one coking 
drum for fluid coking. The bitumen is heated to 500°C (925°F) but instead of pumping the bitumen it is 
sprayed in a fine mist around the entire height and circumference of the coker. The bitumen cracks into gas 
vapour and coke. The coke is in a much finer powder-like form, which is then drained from the bottom. 

The coke's greatest value is as a fuel for coke furnaces, producing the heat needed for the hydro-cracking 
process. More coke is produced than is needed so it is stockpiled for future use. 
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UPGRADING, Continued: 

CATALYTICCONVERSION 
Catalytic Conversion is another way to crack oil molecules into smaller, refineable hydrocarbons. Because it 
too requires high temperatures, catalytic conversion is really an enhanced form of thermal conversion. 
Catalysts have a very interesting effect on chemical reactions. They help those reactions to take place, but the 
catalyst itself is not chemically altered by the reaction. There can be different types of catalysts used (shaped 
like beads or pellets). The surface area of the catalyst is quite important; the cracking occurs when heated 
bitumen contacts active sites on the catalyst. Catalysts encourage "cracking" of hydrocarbons in two ways. 
When large hydrocarbons contact active sites on a catalyst, they react by breaking down into smaller molecules. 
Catalysts also act as sieves letting some molecules with specific sizes and shapes through while holding others 
back to continue reacting. Sometimes high-pressure hydrogen is added in the process of catalytic cracking. 
This is called hydroprocessing. Adding hydrogen helps to produce lighter, hydrogen rich molecules. This is 
necessary in upgrading bitumen, which is rich in carbon but proportionally less hydrogen than conventional 
oils. 

Catalytic conversion is more expensive than thermal conversion but it does produce more upgraded product for 
later refining. 

DISTILLATION 
The third stage of the upgrading process is distillation. Bitumen is a mixture of hydrocarbon compounds. 
Distillation is a very common industrial process that can be used to sort liquids and gases into their component 
parts. A distillation, or fractionating tower works because different substances boil at different temperatures. 
The temperature inside the tower varies, with the hottest temperatures at the bottom and the coolest at the top. 
The lightest hydrocarbons with the lowest boiling points travel as a vapour to the top of the tower. Heavier and 
denser hydrocarbons with higher boiling points collect as liquids lower in the tower. The gas vapour condenses 
into heavy and light gas oils, kerosene and naptha. 

HYDROTREATING 
The fourth major process in upgrading is hydrotreating. This process is used on the gas oils, kerosene, and 
naptha produced from the original bitumen feedstock. In this process, heated hydrocarbon feedstock is mixed 
with hydrogen at high pressure and temperature ranging from 300 - 400°C depending on the liquid. The 
various petroleum liquids pass through separate towers and flow around special catalytic pellets. Hydrotreating 
stabilizes the crude oil synthesized from the original bitumen by adding hydrogen to some unsaturated 
molecules. If this were not done, the crude oil produced would continue to react and change its chemical 
composition on its way to final refining. 

Hydrotreating also reduces or removes chemical impurities, such as nitrogen, sulphur and trace metals from 
hydrocarbon molecules. This is very important because impurities can be environmental concerns and they 
cause problems at the refineries. 

The petroleum liquids are kept in separate storage tanks on site until they are ready to be blended and shipped 
down the pipeline for refining. Synthetic crude oil is not stored in its blended form anytime on site. The 
synthetic crude oil that is produced from oil sand is considered easy to refine because it is sweet. Sweet means 
that the product is very low in sulphur and other impurities. 
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SYNTHETIC CRUDE OIL 

Hot water is used to extract (or separate) the bitumen from the oil sand. It is then upgraded to produce 
"synthetic' crude oil and other petroleum products. This is done by removing carbon and adding hydrogen to 
remove impurities such as nitrogen and sulphur. The upgraded product is called "synthetic" because it is altered 
from its naturally occurring state (bitumen) by a chemical process. Synthetic crude oil is not the same as 
synthetic oil for vehicles. Synthetic crude oil is very similar to conventional oil, there is just more work 
involved in upgrading the bitumen. 

Canada uses oil at the highest per capita rate in the world, with a consumption rate of 1.6 million barrels per 
day. A family of four consumes an average of 92 barrels of oil per year. Why? Because Canada is a large 
country with a cold climate, requiring large quantities of energy for transportation and heating. 

Two tons of oil sand is needed to produce one barrel of upgraded synthetic crude oil. The synthetic crude oil 
leaves Fort McMurray by pipeline traveling at 5 krnlhr (the rate of a brisk walk). It takes approximately 3 days 
for synthetic crude to travel from Fort McMurray to refineries in Edmonton via pipeline. It takes 2 1 days for oil 
to travel by pipeline from Edmonton to Toronto. 

SYNTHETIC CRUDE OIL, Continued: 

Most of the petroleum leaving Fort McMurray is refined for use as gasoline, jet fuel or home heating fbels. 
There are, however, more than 3,500 other products derived at least partly from petroleum. Do any of these 
surprise you? 

Toothpaste 
Ballpoint pens Straws 

Lipstick 
Plastic dishes Helmets 

Computers 
Sneakers T-shirts 

Synthetic fabrics 
Velcro Elastic bands 

Lego 
Lip balm 

Bubble gum Video games 
Frisbees 

Candy wrappers Hockey pucks 
Perfume 

Erasers Rubber Gloves 
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GLOSSARY 

API : 	 An American Petroleum Institute measure of specific gravity 

Banked Cubic: A measurement of volume used to state the volume of in-situ material moved during 
Metres (BCM) mining operations 

Bitumen : 	 Petroleum that exists in the semisolid or solid phase in natural deposits - it is the 
molasses-like substance which can compromise anywhere from 1 to 18% of the oil sand 

Bucketwheel : A machine that scoops up oil sand from a windrow and places it on conveyors to transfer 
Reclaimer to extraction 

Coking : A process used to break down heavy oil molecules into lighter ones by removing the 
carbon that remains as a coke residue 

Conventional 	:Petroleum found in liquid form, flowing naturally or capable of being pumped without 
Crude Oil 	 further processing or dilution 

Cyclofeeder : Receives oil sand feed and prepares it in slurry form for transport to extraction 

Dragline : 	 A large machine which digs oil sand from the mine pit and piles it into windrows 

Density : 	 The heaviness of crude oil, indicating the proportion of large, carbon-rich molecules, 
generally measured in kilograms per cubic metre (kglm3) or degrees on the American 
Petroleum Institute (API) gravity scale; in Western Canada oil up to 900kglm3 is 
considered light to medium crude - oil above this density is deemed as heavy oil or 
bitumen 

Desulphurization: The process of removing sulphur and sulphur compounds from gases or liquid 
hydrocarbon mixes 

Extraction : The process of separating the bitumen from the oil sands 

Fine Tailings : Essentially muddy water - about 85% water and 15% fine clay particles by volume 
produced as a result of extraction 

Fluid Coking : A process by which bitumen is continuously cracked to produce lighter hydrocarbons 
and coke 

Gas Oil : The higher boiling point component of crude oil 

Gypsum : A mineral used as a soil amendment in consolidated tails technology 
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Heavy Oil : 	 Dense, viscous oil, with a high proportion of bitumen, which is difficult to extract with 
conventional techniques and is more costly to refine 

Hydrocarbons: A large class of liquid, solid or gaseous organic compounds, containing only carbon and 
hydrogen, which are the basis of almost all petroleum products 

Hydrotransport : 	 Oil sand from the mine operation is mixed with hot water and caustic and the oil 
sand slurry is then transported by pipeline to the extraction plant where it feeds 
directly into the Primary Separation Vessel 

Hydrotreater : A unit which removes sulphur and nitrogen from the components of crude oil by the 
catalytic addition of hydrogen 

In situ : 	 In its original place; in position; in situ recovery refers to various methods used to 
recover deeply buried bitumen deposits, including steam injection, solvent injection and 
firefloods 

LC-Fining : Expanded ebulating bed hydroprocessing technology used to continuously crack bitumen 
into lighter products through the catalytic addition of hydrogen 

Mature Fine : When tailings is deposited at the disposal site, it separates and settles further to create 
Tailings a layer of clarified water on top that is used in extraction and a dense mixture of clay, silt 

and water on the bottom 

Muskeg : 	 A water soaked layer of decaying plant material, one to three metres thick, found on top 
of the overburden 

Naphtha : 	 any of various volatile, often flammable, liquid hydrocarbon mixtures used chiefly as 
solvents and diluents 

Oil Sand : 	 Sand containing bitumen 

Oil Sand : A long-term agreement with the provincial government which permits the leaseholder to 
Lease extract bitumen, other metals and minerals contained in the oil sands existing within the 

specific lease area 

Overburden :Layer of rocky, clay like material that lies under muskeg 

Petroleum : 	 A naturally occurring mixture composed predominantly of hydrocarbons in the gaseous, 
liquid, or solid phase 
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GLOSSARY, Continued: 

Residuum : A residual product from the processor distillation of hydrocarbons 

Sour Oil : Crude oil containing free sulphur, hydrogen sulphide or other sulphur compounds 

Steam-Assisted : A recovery technique for extraction of heavy oil or bitumen that involves drilling 
Gravity Drainage a pair of horizontal wells one above the other; one well is used for steam injection 
(SAGD) and the other for production 

Synthetic Crude Oil :A mixture of hydrocarbons, similar to crude oil, derived by upgrading bitumen 
from oil sands 

Tailings : A combination of water, sand, silt and fine clay particles that are a byproduct of 
removing the bitumen from the oil sand 

Upgrading : The process of converting heavy oil or bitumen into synthetic crude oil 

Viscosity : The resistance to flow or "stickiness" of a fluid 

Sources: 
CERl - Canadian Energy Research Institute - Introduction to the Canadian Oil Sands and Heavy Oil 
Industries, 200 1 
Syncrude Fact Book, 2000 


