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Introduction to this Special Section: Heavy Oil 
SATINDER CHOPRA and LARRY LINES, Calgary, Canada

With giant reservoirs declining, few giant discoveries, and 
increased demand, it is clear that the world will rely, 

in the short term at least, on a readily available alternative to 
conventional oil—heavy oil. Most heavy-oil deposits are in 
Canada and Venezuela, both of which contain recoverable 
reserves comparable to those of Saudi Arabia. Other signifi cant 
deposits are in the United States (California, Alaska, and 
Utah), Mexico, Russia, China and Oman (Figure 1).

Heavy oil is usually categorized based on its density, which 
is defi ned in terms of API gravity—the denser the oil, the 
lower the API gravity. API gravity values for liquid hydrocar-
bons range from 4 for tar-rich bitumen to 70 for condensates. 
Th e US Department of Energy defi nes heavy oil as having API 
gravity of 10-22.3, and this is followed as a standard.

Crude oils originate from source rocks with API gravity of 
30-40. Such oil becomes “heavy” when substantial degrada-
tion takes place during migration and after entrapment. Th e 
term degradation encompasses a variety of biological, physical, 
and chemical processes. Bacteria borne by surface water me-
tabolize some crude components into heavier molecules. For-
mation water washes some lighter water-soluble hydrocarbon 
molecules. Also, ineff ective trap seals at shallow depths allow 
lighter hydrocarbon components to separate and escape.

Heavy oils are typically found in younger reservoirs—
Pleistocene, Pliocene, and Miocene, and in older Cretaceous, 
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Mississippian and Devonian formations. As these reservoirs 
are generally shallow, the ineff ective seals provide conditions 
conducive to heavy oil generation.

Due to its high viscosity and density, conventional meth-
ods used to produce crude oil are ineffi  cient for heavy-oil pro-
duction. Some methods used to produce heavy oil are:

Cold heavy oil production with sand (CHOPS). Th is meth-
od, pioneered in Canada, is suited for reservoirs that have un-
consolidated thin oil sands and suffi  cient solution gas to power 
the production process. CHOPS production causes the for-
mation of “wormholes” (tunnels). Th e wells are cased and per-
forated, and a downhole pump creates a diff erential between 
formation and well-bore pressure. Th is causes natural gas to 
break out of solution from the heavy oil and form “foamy oil.” 
As production begins, up to 10% sand by volume is produced 
along with oil, water, and gas. Th is sand production gradually 
declines with time. Th e recovery factor for CHOPS wells is 
low, usually less than 10%.

Steam-assisted gravity drainage (SAGD). Th is method, 
suitable for less viscous heavy oil (bitumen), requires a pair of 
horizontal wells aligned in a vertical plane and drilled near the 
bottom of the reservoir. Steam injected into the top horizontal 
well forms a steam chamber above the well, heating the heavy 
oil which then drains into the lower horizontal well and is 
pumped to the surface.  Th is method yields continuous pro-

Figure 1. Distribution of heavy oil around the world.
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duction. However, there are concerns over using natural gas to 
heat water into steam, the heavy use of water, and the emission 
of carbon dioxide. Th e method is suitable for thick heavy-oil 
reservoirs (>20 m). 

Cyclic steam stimulation (CSS). Th is method, a well-bore 
stimulation technique, injects steam, generated at the surface, 
into a production well for a few weeks. Th e well is then closed 
down for several days during which the heavy-oil melts. Th is is 
followed by a recovery period. Also referred to as the huff -and-
puff  method, the technique is suitable for really viscous heavy 
oil (bitumen). Th e concerns over water usage and carbon di-
oxide emission are also valid in this case.

Vapor extraction (VAPEX). Th is relatively new method in-
volves injecting chemicals (solvents) into the heavy oil forma-
tions to make oil less viscous and/or form emulsifying solution 
so that it can be recovered more effi  ciently.  Th is method cuts 
down on water and energy usage and pollution.  

THAI. Another new technique is in-situ combustion, also 
known as Toe-Heel Air Injection method (THAI). It involves 
underground combustion of heavy oil and using the combus-
tion’s heat and force to collect oil and gas in a horizontal well 
which has its toe close to the vertical air-injection well.

Mining. Th is method, also called open-pit mining, in-
volves excavating thick tar-sand deposits near the surface and 
transporting them to a processing facility where heavy oil is 
recovered. Canadian oil-sands production is often done by 

this method. It has a high recovery rate, but there usually are 
concerns over carbon-dioxide emission and environmental 
damage.

Th e 12 articles in this special section on heavy oil draw 
heavily on the CSEG/SEG Heavy Oil Production and Devel-
opment Forum in 2007. Th e general conclusion at the forum 
was that geophysics is important for reservoir characterization 
and production monitoring, but resolution, turnaround, and 
cost-eff ectiveness need to be improved.

Han et al. (“Seismic properties of heavy oils—measured 
data”) focus on the eff ect of temperature on the velocity of 
heavy oils with respect to transition temperatures. Based on 
measurements of ten samples of heavy oil, they conclude that 
when temperatures are above the liquid point, velocity de-
creases with increasing temperatures, and when temperatures 
are below the glass point, with decreasing temperatures, both 
P- and S-velocities slowly increase. For temperatures between 
these two points, the velocity gradient increases with the tem-
perature of quasi-solid oil, reaches a maximum, and then de-
creases to approach that of the glass phase.

Das and Batzle (“Modeling studies of heavy oil—in be-
tween solid and fl uid properties”) report experimental results 
on viscoelastic properties of two heavy oil-saturated rock sam-
ples using the Hashin-Shtrikman (HS) bounds and frequency-
dependent complex shear modulus of the heavy oil. Th ey ex-
tend the HS bounds to include intragranular porosity and the 
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contribution of the heavy oil to rock matrix properties. Th ey 
also test the applicability of the generalized Gassmann’s equa-
tions for predicting saturated moduli and velocities and get a 
reasonably good match with measured data.

In “Elastic property changes of bitumen reservoirs during 
steam injection,” Kato et al. examine the applicability of the 
Gassmann equation for predicting velocity changes induced 
by steam injection. By analyzing ultrasonic velocities of cores 
from an SAGD operation, they show that VP/VS is a diagnos-
tic tool for mapping steam fronts.

Bianco et al. (“Seismic rock physics of steam injection in 
bituminous oil reservoirs”) apply rock physics modeling to un-
consolidated oil sands to assess the eff ects of pore fl uid compo-
sition, and pressure and temperature changes on their seismic 
velocities. Th e result is used to construct synthetic data that 
aid understanding wave propagation through the sands. Com-
parison with real data suggests that the feasibility of seismic 
monitoring depends on the thermal- and mechanical-related 
changes associated with fl uid substitution and on the scale of 
the steam anomaly itself.

Wolf et al. (“Measuring and monitoring heavy oil reservoir 
properties”) present a methodology to characterize and moni-
tor heavy-oil reservoirs by inverting converted-wave data to 
obtain P-to-S converted-wave elastic impedance (PSEI) esti-
mates as a function of angle. Th ese data are then examined in 
PSEI crossplot space to infer conditions in the reservoir and 
relate them to physical properties of the reservoir through a re-
liable rock physics model. However, such a rock physics model 
is usually not available and so the authors describe the devel-
opment and design of equipment specifi cally for heavy oil that 
could yield the required data.

During cold production of heavy oils, foamy oil and 
wormholes are created in the reservoir. Knowledge of such 
zones and their defi nitions is important for optimum recovery. 
Vasheghani and Embleton. (“Th e eff ects of cold production 
on seismic response”) use synthetic modeling to determine the 
eff ects of foamy oil and wormholes on the seismic response. 
Th ey suggest detection of such cold production footprint can 
be a tool for reservoir optimization.

In “Collaborative methods in enhanced cold heavy oil 
production,” Lines et al. discuss the change in the fl uid prop-
erties that occurs due to formation of wormholes and foamy 
oil from simultaneous extraction of oil and sand during heavy 
oil cold production. Th ey say that such changes are detectable 
with seismic surveys and that, due to the dramatic reduction 
of the fl uid’s bulk modulus after heavy oil cold production, 
the VP/VS ratio should also have a detectable reduction. Both 
these results should help interpret time-lapse multicomponent 
surveys in cold production fi elds.

Nakayama et al. (“Monitoring an oil-sands reservoir in 
northwest Alberta using time-lapse 3D seismic and 3D P-SV 

converted-wave data”) report on a time-lapse survey and anal-
ysis aimed at monitoring steam chamber development in the 
JACOS Hangingstone SAGD operations area. Th e P-P vol-
umes, acquired in 2002 and 2006, show large diff erences in 
seismic character within the reservoir around the SAGD well 
pairs; the VP/VS maps prepared from the P-SV and P-P vol-
umes of the 2006 three-component data exhibit variations in 
diff erent areas. Th ese results are being integrated with geologic 
and production data for effi  cient reservoir management.

Maxwell et al. (“Passive seismic and surface monitoring of 
geomechanical deformation associated with steam injection”) 
use passive microseismic and surface tiltmeter deformation 
in an integrated interpretation of the system’s geomechanical 
response. Th e deformation associated with the steam heating 
can change permeability and porosity; thus, incorporating 
deformation analysis into a fl ow simulator is critical for in-
terpreting reservoir performance. Incorporating microseismic 
data can constrain volumetric strain by matching observed 
points of shear failure with passive seismic deformation. Th ese 
data coupled with temperature and pressure measurements 
can validate the simulator.

In “Deterministic mapping of reservoir heterogeneity in 
Athabasca oil sands using surface seismic data,” Xu and Chop-
ra discuss a technique for interpreting reservoir heterogene-
ity. Th eir workfl ow uses rock physics to fi nd a relationship 
between lithology and seismically driven elastic attributes and 
picks out lithology-sensitive parameters (e.g., density). Next 
density refl ectivity is reliably derived from seismic data. Th e 
results agree with existing well-log curves and data from two 
“blind” wells.

Roy et al. (“Imaging oil sands reservoir heterogeneities us-
ing wide-angle prestack seismic inversion”) discuss key aspects 
of wide-angle processing of seismic data and density inversion 
workfl ow. Th ey demonstrate its application to a bitumen res-
ervoir for imaging reservoir heterogeneities. Attenuation of 
surface waves, anisotropic imaging and multiple attenuation, 
wavelet stretch correction, and Q-compensation are some 
considerations for processing of wide-angle P-wave refl ections 
data (> 40°). Th ey regularize the inversion solution through 
statistical constraints which improve scaling and continuity of 
density estimates.

Finally, while many Alberta heavy oil examples demon-
strate eff ective reservoir characterization, there are defi nite 
concerns about their environmental impact. In a “Round 
Table” article at the end of this special section, Century ad-
dresses these concerns in “Tar sands: Key geologic risks and 
opportunities.” 

We hope readers fi nd the articles interesting and informa-
tive, as they represent the latest reports on diff erent aspects of 
heavy-oil characterization.  
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