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Unconventional Petroleum 

Unconventional petroleum resources are classified from 
different perspectives based upon their attributes and 
characteristics and according to the reservoir rock type, oil 
and gas origin, source–reservoir–cap assemblage, and 
occurrence state 
 
Unconventional resources are resources, generally oil or 
natural gas resources, that do not appear in traditional 
formations and must use specialized extraction or 
production techniques to obtain fuel from the deposit. For 
oil and gas, conventional deposits are porous and 
permeable rocks below ground that contain tiny connected 
pore spaces that contain oil or natural gas. 









Unconventional Oil 
 

Unconventional oil is a very specific type of petroleum obtained by 
methods that are different from the extraction technique of using a 
traditional well.  
 
This type of oil is seen as being more costly and difficult to extract and 
refine, as well as being more environmentally harmful.  
 
In general, unconventional oil is heavier and requires more processing 
and upgrading. Unconventional oil includes shale oil, oil sands and extra-
heavy oil (natural bitumen deposits).  
 
In total, only about 3% of 2009's oil production came from unconventional 
oil sources. Although it is more difficult and costly to extract 
unconventional oil, it is becoming more common as the demand for oil is 
increasing and more research is being done to see how unconventional oil 
can be made more simple and cost-effective to produce.  



Shale oil 

Shale oil, also called tight oil, is a type of oil that can be extracted by heating and 
upgrading kerogen trapped within shale formations - arrangements of fine-
grained sedimentary rock. 
 
Shale that oil can be extracted from contains a large amount of kerogen, and is 
known as oil shale. 
 

This shale containing kerogen is essentially a precursor to oil or natural gas, as 
with increased pressure and a longer time period it could eventually become oil 
or natural gas. 
 
It is important to note that shale oil is extracted from oil shale, which is different 
from oil-bearing shale. Oil-bearing shale contains petroleum that is trapped 
tightly in the rock itself and requires hydraulic fracturing to extract the oil, while 
shale oil is obtained from oil shale through a process of heating 
 
Currently, oil shale isn't produced on a large scale as a result of the expensive 
processes needed to extract and upgrade the material and the potentially 
significant environmental effects when compared to conventional drilling.  



Extraction 
 
Oil shale must be first extracted from the ground with either underground or 
surface-mining methods.  
 
After the process of extraction is complete, oil shale undergoes a process known 
as retorting.  
 
During retorting, the shale containing the oil undergoes a process of pyrolysis to 
convert the oil into a liquid that can be removed more easily. This pyrolysis - 
which takes place in a vessel known as a retort - is simply a process of exposing 
the rock to high temperatures without oxygen being present.  
 
This results in a chemical change in the rock. The kerogen - which is the fossil 
fuel trapped in the shale - liquefies and separates from the rock as an oily 
substance. 

  
The oily substance extracted from the kerogen at this point is not actually crude 
oil. The substance obtained from the pyrolysis must undergo a refining process 
to change the substance into a synthetic crude oil that can be used. 





Oil sands 

Oil sands are a mixture of sand, clay, water, and bitumen that occur naturally. 
 
Bitumen is the fossil fuel component of this sand, and it is a very viscous oil that 
must be treated and upgraded before it can be used to produce useful fuels such 
as gasoline. 
 
Oil sand deposits are found around the globe in the Middle East, Venezuela, 
Canada, the United States, and Russia. The largest deposit in Canada (and 
potentially the world) is the Athabasca deposit in Northern Alberta, Canada. It 
is the most developed deposit in the world, meaning that it has the most 
established and ongoing mining of any oil sands deposits. 
 
Venezuela – 304 billion barrels 
Venezuela has the largest oil reserves of any country in the world, with more 
than 300 billion barrels of proven reserves. 
The country also has large deposits of oil sands, like those present in Canada. 
Due to their viscous nature, Venezuela’s Orinoco tar sands can be produced 
using conventional methods. 
 



Formation 
 
Like crude oil, the bitumen that exists in the oil sands began as living, organic 
material. It is speculated that the oil sands formed as a result of ancient oceans that 
existed millions of years ago, covering the areas where the oil sands exist today.  
 
As the microscopic marine life within the oceans died, they decomposed with the 
help of bacteria. The bacteria removed the oxygen and nitrogen, leaving mainly 
hydrogen and carbon.  
 
Heat and pressure then resulted in the layering of rock, silt, and sand over time 
and "cooked" the dead organic material for millions of years at temperatures 
between 50 and 150°C.  
 
This formation of oil is similar to that of other deposits of lighter oils except that 
the lighter hydrocarbon fractions may have been lost during migration and/or the 
heavy oil is the component that remained following bacterial degradation. 
 
The second theory is that bitumen was formed immediately in a process similar to 
the formation of oil shale. In this theory, bitumen was released from shales with a 
large amount of organic matter (kerogen rich shales) instead of crude oil being 
released. 



Terminology 

here are three terms that are generally used 
for oil sands deposits: oil sands, tar sands, 
and bituminous sands.  
 
Oils sands is the most widely used term, 
the term tar sands is often used by people 
who wish to make a statement about the 
negative environmental impacts of oil 
sands.  
 
The term bituminous sands would be the 
most accurate term to use, since it is 
composed of bitumen and sand rather than 
tar or oil. 



Extraction 



Unconventional Natural Gas 
 
Unconventional natural gas is simply natural gas obtained by methods that are 
different from traditional extraction.  
 
Unconventional natural gas can refer to  
1. tight gas - natural gas locked in low-permeability rocks,  
2. shale gas - natural gas locked in shale, or  
3. coal bed methane - natural gas contained in coal.  
 
The extraction of natural gas from these deposits can be an issue, as arguments 
about the environmental impact of hydraulic fracturing can be brought up.  
 
Additionally, the water use in the extraction of coal bed methane can be an 
environmental concern 



Tight gas 
 
Tight gas is natural gas trapped within a rock with extremely low permeability—
typically limestone or sandstone. This is not to be confused with shale gas, which 
is natural gas trapped within shale formations. Tight gas is considered to be an 
unconventional source of natural gas because it requires significant hydraulic 
fracturing—a much more extensive process—to access the gas. This is because the 
low permeability of the rock (meaning the pores within the stone are poorly 
connected), makes it difficult for the gas to travel through them. 

Formation 
 
Tight gas is formed in the same general way as conventional natural gas deposits, 
the main difference being the age of the deposits. Conventional gas is relatively 
young whereas tight gas formed around 248 million years ago in Palaeozoic 
formations. Over this long period of time, a conventional gas reserve was 
changed by cementation and recrystallization. This led to reduced permeability of 
the rock and natural gas being trapped tightly within rock formations.[4] Most 
tight gas formations are found onshore. 
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Horizontal or directional drilling are used to access tight gas deposits as 
they can run along the formation, allowing more opportunities for the natural gas 
to enter the well. In addition, numerous wells can be drilled into a tight gas 
deposit so that more of the formation is accessed.  
 
Once a well is drilled down to a tight gas deposit, artificial stimulation can be 
used to promote the flow of tight gas from the rock. Hydraulic fracturing is one 
main method used to access the gas, and this method involves breaking apart the 
rocks in the formation by pumping the well full of high pressure fracking fluids.  
 
This improves permeability and allows gas to flow more easily. Acidizing the 
well—or pumping the well full of acids to dissolve the limestone and sediment—
allows the gas to flow more freely by establishing paths for the gas to follow 
 

Finally, deliquifaction of the tight gas wells can help with extraction. In most 
tight gas formations the reservoirs also contain some water which can collect and 
make extraction difficult. Deliquefying by pumping water up from the reservoir 
makes removing the gas more simple. 



Shale gas 

 
Shale gas is a type of natural gas that is trapped within shale formations—
arrangements of fine-grained sedimentary rock that are known as "natural gas 
plays" if they contain significant amounts of natural gas. 
 
This type of natural gas is "contained in" shale formations and absorbed into 
organic matter. Shale is a common sedimentary rock composed of clay and 
fragments of other minerals. Shale can be the source, reservoir rock, or the seal 
for natural gas. 
 
In Canada, shale gas resources are found in British Columbia, Alberta, 
Saskatchewan, Manitoba, Ontario, Quebec, New Brunswick and Nova Scotia. 
Most of the current drilling occurs in British Columbia. 



Exploration 
 
Finding shale gas uses the same basic methods for exploring for traditional 
petroleum deposits combined with specialized techniques for finding shale gas. 
2D and 3D seismic profiles (generated by monitoring acoustic waves that have 
reflected off of rocks) are used for determining the depth and properties of shale 
deposits and drilling is used to observe the rock's physical and chemical 
characteristics while determining the quality and quantity of the shale gas. 
 
There are two major drilling techniques that are used to access shale gas. The first 
of these is horizontal drilling, which is where a well is drilled into the rock 
formation that starts going straight down, and then bends so that there is a 
horizontal part to the borehole as well. When the rock formation is hit, the drill 
bit is moved to drill horizontally which exposes the well to more of the shale that 
is producing the gas. The horizontal section of the well bore is usually from 1 to 3 
kilometres long.  
 
The second method is known as hydraulic fracking or hydrofracking (or 
sometimes just fracking). In this technique water, chemicals, and sand are 
pumped into the shale gas well. This opens fractures in the rock and allows 
natural gas from the shale to flow into the well. Without these techniques, natural 
gas does not flow to the well quickly and the wells are not economical. 
 



Coal bed methane 

Coal bed methane is methane trapped in underground coal seams. This type of 
methane can be accessed using drilling techniques similar to those used in the 
collection of shale gas.  
 
In these deposits, the methane is attached to the surface of the coal. Generally, the 
seams are also covered in water which must be pumped out to obtain the methane. 
Pumping out the water reduces the pressure level and allows methane to escape 
from the seam. 

  
Coal bed methane is considered an unconventional gas as it is held tightly in 
reservoirs and it requires special stimulation and technologies to produce it 
economically. 
 
Methane, CH4, is the main component of natural gas, so extracted coal bed 
methane can be used as natural gas. Although it tends to be more difficult to access 
than conventional gas, coal bed methane is becoming a significant energy source. 
In 2000, 1.2 tcf of coal bed methane was produced. 



Formation 
 
Coal bed methane forms at the same time coal forms. As organic material dies 
and is deposited in swamps or swampy lakes, the material undergoes bacterial 
and chemical changes to create peat deposits.  
 
Over millions of years, this peat gets buried under many layers of sediment the 
pressure and temperature of the peat increases. Gradually, the peat turns into 
lignite or brown coal, then sub-bituminous coal, bituminous coal, and finally 
hard anthracite coal. 
 

While coal is being formed, the decomposing organic material produces 
methane gas - the main component of natural gas - along with nitrogen and 
carbon dioxide. With the pressure of being buried under sediment, most of the 
methane stays trapped on the surface of the coal.  



Extraction 
Coal bed methane is considered to be an unconventional resource because it's 
difficult to access.  
 
The extraction of coal bed methane is similar to the extraction of shale gas. 
First, a well is drilled into a coal seam. Then the sides of the well are cased with 
a cemented steel pipe, and small holes known as perforations are made in the 
walls of the casing in order to allow the methane gas to flow into the bore hole 
and up the well to the surface.  
 
These wells are often drilled horizontally to gain access to difficult to reach coal 
seams. As well, for methane that is attached tightly to the coal seam the seams 
are generally fractured to allow the gas to flow freely. Some seams produce less 
water than others, and these are known as "dry coal bed methane wells". After 
the coal bed methane gas is removed, the coal seam remains and can be mined 
later on. 



What are gas hydrates? 
 
Gas hydrates are crystalline solids that form from mixtures of water and light 
natural gases such as methane, carbon dioxide, ethane, propane and butane.  
 
Methane was the dominant component among other hydrocarbon gases in the 
sediments.  
 
Gas hydrates are ice-like crystalline solids formed from a mixtures of water and 
natural gas, usually methane. They occur where pressure, temperature, gas 
saturation, and local chemical conditions combine to make them stable. 
 

Gas hydrates are important for these reasons: 
 
They may contain a major energy resource 
 
It may be a significant hazard because it alters sea floor sediment stability, 
influencing collapse and landsliding 
 
The hydrate reservoir may have strong influence on the environment and 
climate, because methane is a significant greenhouse gas. 



the over 160m3 of methane trapped 
within each 1m3 of hydrate  

Gas hydrates were discovered in 1810 by 
Sir Humphrey Davy, and were considered 
to be a laboratory curiosity. In the 1930s 
clathrate formation turned out to be a 
major problem, clogging pipelines during 
transportation of gas under cold 
conditions. 
 
Sub-seabed methane within the continental 
margin sediments is produced primarily 
by microbial or thermogenic processes. In 
the microbial process organic debris are 
decomposed by a complex sequence 
(methanogenesis) into methane, by 
bacteria in an anoxic environment. Organic 
matter is composed of carbon, hydrogen 
and phosphorus in the ratio of 106:16:1, 
and decomposition results in production of 
methane. 



Most low molecular weight gases, including O2, H2, N2, CO2, CH4, H2S, Ar, Kr, 
and Xe, as well as some higher hydrocarbons and freons, will form hydrates at 
suitable temperatures and pressures. Clathrate hydrates are not officially 
chemical compounds, as the enclathrated guest molecules are never bonded to 
the lattice. The formation and decomposition of clathrate hydrates are first 
order phase transitions, not chemical reactions. 
 
Clathrates have been found to occur naturally in large quantities. Around 6.4 
trillion (6.4×1012) tonnes of methane is trapped in deposits of methane clathrate 
on the deep ocean floor. 
 
Clathrates can also exist as permafrost, as at the Mallik gas hydrate site in the 
Mackenzie Delta of northwestern Canadian Arctic. 
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Gas hydrate deposits may contain roughly twice the carbon contained in all 
reserves of coal, oil, and conventional natural gas combined, making them a 
potentially valuable energy resource.  
 
Their decomposition can release large amounts of methane, which is a 
greenhouse gas that could impact Earth’s climate. Sudden release of 
pressurized methane gas may cause submarine landslides, which in turn can 
trigger tsunamis.  
 
Gas hydrates in the ocean can be associated with unusual and possibly unique 
biological communities that use hydrocarbons or hydrogen sulfide for carbon 
and energy, via a process known as chemosynthesis. 


