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Extra-heavy (bitumen) and heavy oil deposits have been reported from over 70 countries 
on a world-wide basis, with the largest deposits located in Canada and Venezuela 
(Dusseault et al., 2008; Hein, 2006; Hein and Marsh, 2008; Hernandez et al., 2008;  
Marsh and Hein, 2008; Meyer et al., 2007; Villarroel, 2008). The only active commercial 
oil sands areas are in the Western Canada Sedimentary Basin, in northeastern Alberta, 
Canada (Hein, 2006). Other areas most likely for future oil sands growth include the 
northwestern portion of Saskatchewan in the Western Canada Sedimentary Basin; the 
Colorado Plateau, Uinta Basin and Paradox Basins of Utah; the North Slope of Alaska; 
the Black Warrior Basin, Alabama; the Maverick Basin, southwest Texas; the Borderland 
Basins of California; the Eastern Interior Basin and Appalachian Basin areas of Kentucky 
and Illinois; and the Tri-State mid-continent region of the U.S.A. 
 
2. How much is currently being produced and what is forecast for future 
production? 
 
In North America all of the bitumen currently being produced is from Alberta, Canada. 
Total energy production in Alberta is given in Figure 1, with the annual production and 
remaining established reserves for crude bitumen and crude oil in Figure 2. In 2007 
Alberta’s crude bitumen production totaled 482.5 million barrels (76.6 million cubic-
meters) (Figure 3).  This total production is equivalent to 1.32 million barrels per day 
(210 thousand cubic-meters per day). Of the total bitumen production, 59% (284.7 
million barrels) came from surface mining and 41% (197.8 million barrels) came from in-
situ production. The bitumen that was produced by surface mining was upgraded to 
synthetic crude oil (SCO). In situ bitumen production was marketed as nonupgraded 
crude bitumen (Alberta Energy Resources Conservation Board, 2008). In Alberta, 
production of bitumen has more than doubled in the last decade or so, and is expected to 
increase to greater than 3 million barrels per day (> 0.48 106 m3 ) by 2017. In 2007 the 
production of raw bitumen and SCO accounted for 62% of Alberta’s total crude oil and 
raw bitumen production (Figure 3). Over the last 10 years, the contribution of bitumen to 
Alberta’s total crude oil and raw bitumen production has increased steadily, with an 
expected increase to 88% by 2017. In 2007, 62% of bitumen produced was upgraded to 
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SCO. This percentage is expected to 70% by 2017 (Alberta Energy Resources 
Conservation Board, 2008).  

 
Figure 1.Total energy production in Alberta (from Alberta Energy Resources 
Conservation Board, 2008).   
 

 
Figure 2.Annual production and remaining established reserves for crude bitumen and 
crude oil in Alberta (from Alberta Energy Resources Conservation Board, 2008).   
 



 
Figure 3.Alberta supply of crude oil and equivalent, actual from 1998 to 2007, and 
forecast from 2008 to 2017 (from Alberta Energy Resources Conservation Board, 2008).   
 
3. What are the sources of funding for current and planned activity (private 
industry, government, consortia)? 
 
It is difficult to find all the sources of funding for oil sands research. For Canadian 
federal funding refer to the following website: www.InnovationCanada.ca. In the U.S.A. 
federal sources include the U.S. Department of the Interior, Bureau of Land Management 
(www.blm.gov), and the National Science Foundation (www.nsf.gov; info@nsf.gov). A 
comprehensive listing of funding for oil sands research in Canada, the U.S.A., and other 
countries (with location, granting agency, purpose, and website/email addresses) is given 
in the EMD oil (tar) sand committee chair report for the 2007 Annual Meeting in Long 
Beach (see EMD site postings). 
 
4. What kinds of research are taking place and who is doing it? 
 
Western Canada 
 

 Dr. Clayton Deutsch, The University of Alberta, Edmonton: Numerical modeling, geostatistics 
and simulation of oil sands reservoir engineering and in-situ technologies; 

 Dr. Martin Fowler, Geological Survey of Canada – Calgary, Natural Resources Canada (NR-Can): 
Geochemistry and fingerprint of oil sources, biodegradation; 

 Dr. Murray Gingras and Dr. S. George Pemberton, The University of Alberta, Edmonton: 
Ichnology (trace fossils) and depositional models for the oil sands; 

 Dr. Murray Gray, The University of Alberta, Edmonton: Oil sands production technologies and 
development of clean transportation fuels; 



 Dr. Frances J. Hein, Rick Marsh, and Dr. Farhood Rahnama, Alberta Energy and Utilities Board, 
Calgary: Regional geologic framework, depositional models of the Alberta oil sands and reserves 
estimates; 

 Dr. Steven Larter, The University of Calgary:  Biodegradation of oils, recovery processes of heavy 
oil and bitumen, alternative underground in-situ recovery and refining methods; heavy oils and tar 
sands (HOTS) fluid research; 

 Dr. Alex Turta, Alberta Research Council, Calgary: Toe to Heel Injection Process (THAI) in situ 
process, comparisons with Steam Assisted Gravity Drainage (SAGD); 

 The University of Calgary, Institute for Sustainable Energy, Environment and Economy (ISEEE) 
and the Alberta Ingenuity Centre for In Situ Energy: Cleaner and more efficient ways to producing 
bitumen and heavy oil, underground refining. 

 Government of Saskatchewan, www.ir.gov.sk.ca\ 
 

U.S.A. 
 

 R.E. Blackett, Utah Geological Survey, Utah Department of Natural Resources: Tar-sand 
resources of the Uinta Basin, Utah; 

 James W. Bunger, Bunger and Associates with Anton R. Dammer, on contract to U.S. 
Department of Energy, Washington, D.C.: Production Planning for U.S. Tar Sands; 

 Thomas E. Ewing, Frontera Exploration Consultants, San Antonio, TX: Tar sands and heavy 
oil in the southwest Texas heavy oil province; 

 P.A. Freeman, U.S. Geological Survey (USGS):  Heavy oil and natural bitumen resource 
estimates (World and USA); 

 Patrick J. Gooding, Kentucky Geological Survey, University of Kentucky, Lexington, KY: 
Tar sand exploration in the Appalachian and Illinois Basins of Kentucky; 

 Dr. William H. Green, Massachusetts Institute of Technology: Using unconventional 
hydrocarbons in oil sands and oil shales;  

 L.C. Marchant, J.J. Stosur, and C.Q. Cupps, U.S. Department of Energy, Laramie Energy 
Technology Center, Laramie, Wyoming: Recent activities in U.S.A. tar sands; 

 R.F. Meyer, U.S. Geological Survey (USGS):  Heavy oil and natural bitumen resource 
estimates (World and USA); 

 M.C. Noger, Kentucky Geological Survey, University of Kentucky, Lexington, KY: Tar sands 
occurrences of Western Kentucky; 

 Dr. Sarah Pietraszek-Matter, Indiana University, Bloomington, Indiana: Biodegradation of 
crude oils in the Illinois Basin; 

 Dr. G.V. Wilson, Alabama Geological Survey: Physical and chemical characteristics of 
Alabama tar sands. 

 
5. Which companies are considered the leaders? 
 
Unless otherwise indicated the main oil sands offices are in Calgary, Alberta, with field 
offices in Fort McMurray, Cold Lake, or Peace River, Alberta. Included in the following 
list are the extra-heavy and heavy oil leaders. 
 
CNRL (Canadian Natural Resources Ltd.); Chevron Texaco Energy Research and 
Technology Co.; China National Offshore Oil Corp.; Conoco Phillips; Eco-Petrol 
(Columbia); EnCana Corp.; Husky Energy Inc.; Imperial Oil Resources Ltd.; JACOS 
(Japan Canada Oil Sands Ltd.); KNOC (Korean National Oil Corp.); Lukoil-Overseas 
Venezuela Ltd. (Caracas, Venezuela); Nexen Inc.; Oil Sands Quest (Saskatchewan, 
Canada); PDVSA (Caracas and Maracaibo, Venezuela); Petro-Canada; Petro-China Co.; 
Petrozuata; Shell International Ltd. & Shell Canada; STATOIL (Norway); Suncor Energy 



Inc.; Syncrude Canada Ltd.; Temple Mountain Energy Inc. (Utah); Total E & P Canada 
Ltd.; UTS Energy Corp.; Western Oil Sands. 
 
6. What is the focus of recent activity? 
 
In Alberta the total in situ and mineable remaining established reserves for crude bitumen 
is 173 billion barrels (27.4 billion cubic metres) (Figure 2), somewhat less than the 
estimates in 2006 due to production since that time. Only 3.3% of the initial established 
crude bitumen reserves has been produced since commercial production started in 1967 
(Alberta Energy Resources Conservation Board, 2008). To unlock the huge potential of 
the remaining bitumen resources other in-situ technologies will have to be improved 
upon. The most commonly used in-situ technologies are Steam Assisted Gravity 
Drainage (SAGD) and Cyclic Steam Stimulation (CSS). Both SAGD and CSS have high 
demands for both energy and water to produce steam, the need for good permeability 
(both vertical and horizontal), relatively thick pay zones (> 10 m), and an absence of 
barriers (cemented zones, thick, laterally-continuous shales) and significant top/gas or 
bottom water thief zones. 
 
Some of the focus of recent in-situ technology and advances includes:  

 Integration of future oil sands with emerging oil shale co-production in the 
western U.S.A.;  

 New developments concerning  in-situ recovery and underground refining 
technologies for oil sands in western Canada, including underground combustion 
and refining; 

 Use of Cold Heavy Oil Production with Sand (CHOPS) as a specialized primary 
type of production where progressive cavity pumps assist is lifting bitumen and 
sand to surface, and utilizing production of sand to produce wormholes in the 
reservoir to increase permeability;  

 Search for alternative sources of energy for steam production, including the 
development of nuclear industries in conjunction with oil sands in-situ production 
plants (Peace River, Alberta).  

 Further development and use of technologies being currently treted, including 
Vapour Extraction (VAPEX), Toe-to-Heel-Air-Injection (THAI), Supercritical 
Partial Oxidation (SUPOX), and various hybrid developments, including CO2 
flooding. 

 
The U.S. Geological Survey has recently released a report concerning the world-wide 
distribution of heavy oil and natural bitumen resources, with a classification of their 
occurrence in different geological basins (Meyer et al., 2007). A regional geologic 
overview of the Canadian oil sands is given in Hein, among others (Hein, 2006; Hein and 
Marsh, 2008; Hein et al., 2007; Marsh and Hein, 2008). On a world wide basis, in 
addition to the vast oil sands of Canada, extra-heavy oil in Venezuela and oil sands of the 
Western U.S., China, Russia are of interest. 
 



7. What are the estimated U.S. and international resources/reserves and what is the 
strategic impact of these resources? 
 
World resources of bitumen and heavy oil are estimated to be 5.6 trillion barrels, of 
which over 80% are located in Venezuela, Canada and the U.S.A. (Hein, 2006). The 
largest accumulation of oil sands in the world is located in Alberta, Canada, with current 
estimates of 270 109 103 m of in-place bitumen resource being currently identified (Marsh 
and Hein, 2008). Of this huge resource, it is estimated that 27.5 109 103  m  (or about 173 
billion barrels) is considered to be recoverable from the currently mined and drilled areas 
using current commercial technologies (Alberta Energy Resources Conservation Board, 
2008).  
 
At present no bitumen accumulations are currently being commercially produced in the 
U.S.A., although these occurrences are estimated to have 6.1 billion barrels of 
recoverable bitumen (Meyer and Attanasi, 2003). At present, Canada is considered to be 
an important strategic source of bitumen and synthetic crude oil (obtained by upgrading 
bitumen). If the United States wants to become more energy independent, its existing oil 
sand deposits should start to be commercially produced, either by surface mining or in-
situ extraction, and be included as part of its commercial daily oil production (see Table 
1, at end of this section). 
 
8. What are the critical technology needs and how are these being addressed? 
 
Critical technology needs mainly concern the development of more environmentally-
friendly methods of extraction, production and upgrading of oil sands. For surface mining 
operations this involves emphasis on tailings and consolidated tailings reclamation and 
re-vegetation of open pit mine sites. Most of the bitumen resources are extracted by in 
situ technologies (mainly thermal, such as Steam Assisted Gravity Drainage and Cyclic 
Steam Stimulation). Because there is significant production of GHGs (greenhouse gases) 
with bitumen production and upgrading, critical technology needs involve research into: 
1) alternative sources of heat for generation of steam (i.e. geothermal, nuclear, burning of 
slag); 2) use of other methods to reduce the viscosity of the bitumen so it will flow to the 
well bore or through pipelines more easily (i.e. diluents, catalysts, microbial and 
nanotechnology); 3) underground in-situ extraction, refining and upgrading; and 4) co-
sequestration of greenhouse gases by injection into abandoned reservoirs or other 
geologic media. View the main researchers’ contact information and website postings 
(under point 4. above) to see the advances in these regards.  
 
9. What are the critical environmental or geohazard issues and how are these being 
addressed? 
 
The critical environmental issues relate to the balance between greenhouse gas emissions 
and water/energy usage and the recovery, production and upgrading of bitumen. 
Specifically, the critical environmental issues are how to extract, produce and upgrade the 
bitumen in an environmentally friendly way such that: 1) the use of energy to heat the 
water to steam is reduced; 2) the greenhouse gas emissions are reduced or compensated 



for by carbon trading or CO2 sequestration; 3) that the extraction, production and 
upgrading of the bitumen is done by efficient and economic means. Some of the things 
that are being worked on include: land reclamation in surface mining; tailings and 
consolidated tailings disposal and reclamation; co-production of other products from 
tailings and bitumen upgrading (such as vanadium, nickel, sulphur, etc.); in-situ recovery, 
and underground refining. In Canada oil sand developers are working to reduce CO2 
emissions by 45% per barrel by 2010, compared to 1990. Also, in Canada, developers are 
legislated to restore oil sand mining sites to at least the equivalent of their previous 
biological productivity. For example, at the Syncrude mine site near Fort McMurray, 
Alberta, the Fort MacKay Indian band has reclaimed much of the previous tailings pond 
areas into grasslands that are now supporting a modest bison herd (~ 500 – 700 head).  
 
10. What EMD technical sessions, publications, workshops, etc. exist or are planned 
that are relevant to this commodity? 
 
A recent AAPG Hedberg Conference was held in Banff, Alberta (October 2007) (Suter et 
al., 2007; Hein et al., 2007), the results of which are planned to be published as an AAPG 
Memoir. At the upcoming 2009 AAPG Annual Meeting in Denver a poster session, 
entitled “Oil/Tar Sands – New Techniques and Resource Assessments” is planned to be 
part of the unconventional sessions. To date, over 200 announcements have been sent out 
to government, academia and industry to solicit participation in this session.  
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Location Bitumen billion barrels (bbls) Bitumen Per Cent (%) 
Alberta 174.5 69.61 
Utah 32.33  12.90 
Alaska 19.00 7.58 
Alabama 6.36 2.53 
Texas 5.44 2.17 
California 5.34 2.31 
Kentucky 3.42 1.26 
Missouri 2.07 0.83 
Other States 2.23 0.89 
Totals 250.69 100.00 
  
Table 1. Bitumen Resources of North America (from Hein, 2006). 
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 “Technical Areas” write-up for the public portion of the website 
(http://emd.aapg.org/technical_areas/oil_sands.cfm) 
 
by Frances J. Hein, Alberta Energy Resources Conservation Board, Oil Sands Chair for 
EMD 

Oil sands (also called tar sands) consist of bitumen (which is soluble organic matter 
derived from degradation of oil either as seeps that come to surface or within shallow 
subsurface reservoirs) and host sediment with associated minerals, excluding any related 
natural gas. 

Today the largest single oil sand deposit in the World is the Athabasca oil sands located 
in northeastern Alberta, Canada. Here the shallow oil sands are recovered in open-pit 
mines by truck-and-shovel operations in which the World’s largest Caterpillar 797 and 
797B trucks have payloads of 380 tons. The oil sand is transported to processing plants, 
where hot or warm water separates the bitumen from the sand, followed by dilution with 
lighter hydrocarbons and upgrading to synthetic crude oil (SCO). 

About 20 percent of the oil sands reserves in Alberta are recoverable by surface mining 
where the overburden is less than 75 m. For the remaining 80 percent of the oil sands that 
are buried at a depth of greater than 75 m) in-situ technologies (largely thermal 
techniques such as Steam Assisted Gravity Drainage, or SAGD; Cyclic Steam 
Stimulation, or CSS; or, Hybrid Steam Assisted Gravity Drainage, or HSAGD) are used 
to extract the bitumen.  

The most commonly used in-situ process is Steam Assisted Gravity Drainage (SAGD), in 
which pairs of horizontal wells are drilled near the base of the bitumen deposit. Steam is 
injected into q well which is placed about 5 metres above the producer well. The steam 
rises and heats the bitumen which loses its viscosity, and then flows down under gravity 
to the lower producer well, from which it is pumped to the surface. The bitumen is then 
either upgraded on site, or at a regional upgrader, or mixed with diluent and shipped to a 
refinery. In 2005, 200 million barrels (31.7 million m3) of synthetic crude oil was 
produced from the mined raw bitumen (upgraded onsite or in a regional refinery). Most 
of the in-situ bitumen production was marketed as non-upgraded crude bitumen.  

In addition to Canada, oil sands are found in about 70 countries around the world, 
including the U.S.A., Venezuela, Russia, Cuba, Indonesia, Brazil, Trinidad and Tobago, 
Jordan, Madagascar, Colombia, Albania, Romania, Spain, Portugal, Nigeria and 
Argentina. Within the United States, oil sand deposits occur mainly in Utah, Alaska, 
Alabama, S.W. Texas, California, Kentucky, Oklahoma, and Missouri with scattered 
deposits in other states. A map showing occurrences in North America is shown below.  



 

World Heavy Oil &  
Bitumen Deposits (CLICK TO ENLARGE)  

In most cases, the oil-sand deposits occur at the surface or at relatively shallow depths of 
burial (< 200 m), where hydrocarbon reservoirs are in contact with the atmosphere, 
groundwater aquifers or shallow formation waters. In North America the ages of host 
rocks range from Ordovician to Quaternary. Geologically, oil sand deposits can be 
broadly classed into two end-member categories – those very large and large deposits at 
the shallow up-dip edge of foreland basins; and those medium to small scale deposits that 
are related to loss of caprock integrity. Oil sands are commonly associated with faults and 
unconformities, and may also be found in association with oil seeps, springs, tufa 
deposits and/or mud volcanoes. A recent world-wide compilation of heavy oil and natural 
bitumen deposits in relation to the different types of geologic basins is given by the U.S. 
Geological Survey (website posting: http://pubs.usgs.gov/of/2007/1084/OF2007-
1084v1.pdf).  

In North America, all of the bitumen production is from Alberta. In 2007 Alberta’s crude 
bitumen production totaled 482.5 million barrels (76.7 million m3), with 59% (284.7 
million barrels) coming from extraction by surface mining and with 41% (197.8 million 
barrels) coming from in-situ underground thermal operations. This production of crude 
bitumen is equivalent to 1.32 million barrels per day (210 000 m3/day). By 2016 it is 
expected that this production from Alberta will at least be double that recorded in 2005. It 
is expected that the contribution of bitumen to Alberta’s total crude production will 
increase to 86% by 2016.  

Because of the expected growth in oil sands production, a large number of specialists will 
be needed including subsurface and mine geologists (depending upon whether it is in-situ 
or surface mining), geophysicists, reservoir engineers, computer modelers, environmental 
and reclamation specialists, policy specialists, and economists.  

If you’re interested in learning more about oil sands, there’s additional information in the 
member’s only area of the EMD website including a compilation of references; a field 
guide to Alberta oil sands; a table of reserves estimates; references to pertinent and recent 
articles; website links; a reference to a video of oil sand extraction, production and 



geology; articles from the AAPG Explorer, Search and Discovery pages, and AAPG 
Bulletin; and abstracts from section/region and annual meetings. 

EMD Members Only > Explorer Columns > November 2004 

 

For more information contact: 

Frances J. "Fran" Hein, Chair 
Phone: (403) 297-6929 
Email : fran.hein@ercb.ca 
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3. Updates to the Members-Only Webpage.  This can be viewed at  
http://emd.aapg.org/members_only/oil_sands/index.cfm 
  

Web Links  
Alberta Energy Resources Conservation Board: www.ercb.ca 
 
Alberta Chamber of Resources: www.abchamber.ca 
 
Alberta Department of Energy: www.energy.gov.ab.ca 
 
Alberta Department of Sustainable Resource Development: www.gov.ab.ca/srd 
 
Alberta Energy Research Institute: www.aeri.ab.ca 
 
Alberta Environment Information Centre: www.environment.gov.ab.ca 
 
Alberta Geological Survey: www.ags.gov.ab.ca; 
 
Alberta Government: www.alberta.ca  
 
Alberta’s Industrial Heartland Association: www.industrialheartland.com 
 
Alberta Ingenuity Centre for In Situ Energy: www.aicise.ca 
 
Alberta Innovation & Science: www.innovation.gov.ab.ca 
 
Alberta Research Council: www.arc.ab.ca 
 
Alberta Sulphur Research Ltd.: www.chem.ucalgary.ca/asr 
 
Athabasca Regional Issues Working Group: www.oilsands.cc 
 
Canadian Association of Petroleum Producers: www.capp.ca 
 
Canadian Energy Research Institute: www.ceri.ca 
 
Canadian Geoscience Council: www.geoscience.ca 
 
Canadian Heavy Oil Association: www.choa.ab.ca 



 
Canadian Institute of Mining, Metallurgy & Petroleum: www.cim.org 
 
Canadian Petroleum Institute; www.cipid.com 
 
Canadian Society of Petroleum Geologists: www.cspg.org 
 
Canadian Well Logging Society: www.cwls.org 
 
CanMet Mining and Mineral Sciences Laboratories: www.nrcan.gc.ca 
 
Careers: The Next Generation: www.nextgen.org 
 
Climate Change Central: www.climatechangecentral.com 
 
EnergyInet: www.energyinet.com 
 
Environment Canada: www.ec.gc.ca 
 
Fort McMurray Chamber of Commerce: www.fortmcmurraychamber.ca 
 
Freehold Owners Association: www.fhoa.ca 
 
Geological Survey of Canada: www.gsc.nrcan.ca 
 
Institute for Sustainable Energy, Environment and Economy: www.iseee.ca 
 
International Energy Foundation: www.ief-energy.org 
 
National Energy Board: www.neb-one.gc.ca 
 
National Research Council’s Industrial Research Assistance Program: www.irap-pari.nrc-
cnrc.gc.ca 
 
Natural Resources Canada: www.nrcan-rncan.gc.ca 
 
North American Oil Sands Corporation: www.naosc.com 
 
Oil Sands Discovery Centre: www.oilsandsdiscovery.com 
 
Oil Sands Environmental Research Network: www.osern.rr.ualberta.ca 
 
Petroleum Society of CIM: www.petsoc.org 
 
Petroleum Technology Alliance Canada: www.ptac.org 
 



Petroleum Technology Research Centre: www.ptrc.ca 
Saskatchewan Industry and Resources: www.ir.gov.sk.ca 
 
Saskatchewan Government:  www.ir.gov.sk.ca 
 
Saskatchewan Research Council: www.src.sk.ca 
 
Seeds Foundation: www.seedsfoundation.ca 
 
Small Explorers and Producers Association of Canada: www.sepac.ca 
 
Society of Petroleum Engineers: www.speca.ca 
 
The Canadian Society of Exploration Geophysicists: www.cseg.ca 
 
The Environmental Association of Alberta: www.esaa.org 
 
U.S. Geological Survey: http://pubs.usgs.gov/of/2007/1084/OF2007-1084v1.pdf  
 
U.S. Bureau of Land Management: www.blm.gov  
 

Events Calendar  
October 20 – October 23, 2008  

International Thermal Operations & Heavy Oil Symposium (ITOHOS), Canadian 
Heavy Oil Association (CHOS), the Petroleum Society of CIM, and the Society of 
Petroleum Engineers (SPE), Calgary, Alberta: tracy.grills@pinntech.com 

June 7 – 10, 2009 

Poster Session “Oil/Tar Sands – New Techniques and Resource Assessments,” 
AAPG/SEPM Annual Meeting. http://aapg2009ace.abstractcentral.com  

November 3 – November 6, 2008  

Abu Dhabi International Petroleum Exhibition & Conference: www.adipec.com 

November 2009 
3rd World Heavy Oil Congress, Maracaibo, Venezuela 
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