To obtain maximum benefit from seismic data, geophysicists have to communicate their results in an effective way to their colleagues in other disciplines, such as geologists and reservoir engineers. This means we
must cooperate with others to integrate all data possible and to generate results in a form that others can
use immediately in their work. In this focus issue on interdisciplinary cooperation, Lines et al. give
an overview of the importance of integrating geophysical and engineering data for effective reservoir characterisation. In particular, they cite examples of the application of seismic methods to heavy oil recovery.
One of these examples is discussed more fully in the article by Zou et al., who generated synthetic seismic
data based on reservoir simulation models and compared that data to field seismic data. Their results
indicate that gas saturation changes cause the greatest change in the seismic response. Jones et al. describe
a very interesting project in the North Sea. Their multi-disciplinary approach to seismic data processing
and analysis, incorporating the latest seismic processing techniques and rock physics modelling, led to a
valuable evaluation of a recent discovery.
– Helen Isaac
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Summary
Given the prediction that most of Alberta oil production in
the 21st Century will come from existing heavy oil fields,
there is a growing demand for the synergistic integration of
geology, geophysics, and reservoir engineering in order to
optimize production from these fields. Effective reservoir
characterization and production will re q u i re teamwork
between geoscience and engineering. This is especially true
in the development of heavy oil fields where there are dozens
(possibly hundreds) of wells to be combined with 3-D seismic
data sets. In this paper, we examine case history examples
from a number of Canadian oil fields. We focus on the
combined use of engineering and geoscience, while
reviewing past results and forecasting future directions.

seismic frequencies for surface data are in the 5-100 Hz range.
Well logs and core measurements usually are made on the
scale of 0.1-1.0 m. Although the scale of resolution is quite
fine, the volume of investigation is small, confined to within
a few metres of the borehole. To fill in the “missing wavelengths” between borehole data and surface seismic data, we
can acquire borehole seismic data. Such data, gathered by
using seismic sources and receivers to fill the wavelength
gap, would include vertical seismic profiling and cross-borehole seismic surveys. The key is to characterize the reservoir’s physical properties by integrating the various data sets
with different wavelengths.

Introduction
Heavy-oil production represents the majority of long-term
petroleum production in Western Canada. The vast reserves
in the Athabasca, Wabasca, Cold Lake and Lloydminster
areas will undoubtedly be exploited during the coming
decades. Figure 1 shows the approximate locations of these
fields in Alberta and Saskatchewan. We shall focus primarily
on how geophysics will fit into the reservoir development
strategy of these oil fields.
Reservoir characterization attempts to describe the physical
properties of oil reservoirs through the use of many different
data types. Several sources of geological and geophysical
data measure the reservoir volumes at different scales. It is
our purpose to integrate these data sets. This goal is illustrated by Figure 2, provided by Harris (2002). The primary
tool for probing the entire reservoir is 3-D reflection seismic
surveying. While 3-D seismic data cover the entire reservoir
volume, the wavelengths are typically 10-100m because most

Figure 1. The distribution of heavy-oil fields in Western Canada.
Continued on Page 27
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Methodology
Generally, we try to resolve the changes in the reservoir as a function of the production processes. Hence, we repeat the seismic
survey, keeping the acquisition and processing parameters as
constant as possible so that changes in the seismic response will
reflect reservoir changes (no pun intended) during the production process. Seismic surveys must generally be acquired over
producing fields during the production processes. Figure 3 is a
photo of Larry Lines participating in a multicomponent seismic

survey at Husky Energy’s Pikes Peak field. Here the goal was to
map steam injection fronts during the production of heavy oil
from the Waseca Formation. The time-lapse seismic method
becomes an enhanced oil recovery tool in which production
processes such as infill drilling and steam injection can be
adjusted according to reservoir changes.
The role of geophysics and reservoir simulation in reservoir
characterization is illustrated in Figure 4. Much of our geophysical work involves the acquisition, processing and interpretation
of seismic data. Generally, the seismic surveys are repeated so
that we may see the changes in the reservoir. The repetition of
seismic surveys results in “4-D” or time-lapse seismology, where
we examine differences in the seismic data over time. Hopefully,
these differences exhibit reservoir changes. Eventually we wish
to produce a seismic model whose response (the synthetic seismogram) matches the time-lapse seismic data. These models of
seismic velocity and density can then be converted into earth
models of poro s i t y, permeability and temperature change.
Ultimately, we would hope to link together the seismic data, the
seismic model and the reservoir model.

Results and Conclusions
As illustrated by Figures 5 and 6, we see encouraging results in
the area of heavy oil field reservoir characterization. Figure 5
shows a seismic reflectivity difference section from Watson et al.
(2002). This difference section from the Pikes Peak field near
Lloydminster, Saskatchewan was obtained by diff e re n c i n g
seismic surveys completed in 1991 and 2000 in order to show the
effects of steam injection into the Waseca heavy oil sands. A large
difference is seen in the circled zone of interest.

Figure 2. Harris’s diagram of reservoir resolution and coverage, from Harris (2002).

Figure 6 shows the differencing of synthetic seismograms for
1991 and 2000 seismic models, as presented by Zou et al. (2003).
The encouraging agreement between the model responses and
the real data indicates that our seismic model is probably realistic. Following a successful modelling of the seismic data, Zou
et al. (2003) then developed a reservoir steam flow model. This
modelling is described in detail by Zou et al. in this issue of the
RECORDER. In essence, this is the goal of the reservoir characterization procedure shown in Figure 4.
Our research in heavy oil fields has involved the use of seismic
monitoring over fields that involve both hot and cold flow
production. In both cases, we see a growing need for extensive
use of multicomponent time-lapse seismology. In the case of
monitoring steam injection, interesting applications were
summarized by Watson (2004). Watson’s thesis compared several
methods of seismic monitoring, including reflectivity differencing, impedance differencing, and the computation of Vp/Vs
ratios from multicomponent data. A case is made for the extensive use of multicomponent methods for mapping sand content
and steam fronts.
In cold production of heavy oil, seismic monitoring can be used
for mapping both wormholes and foamy oil production. Mayo
(1996) was among the first to show the seismic anomalies created
by foamy oil and wormholes during cold production. In recent
years similar applications have been described by Lines et al.
(2003), Chen et al. (2004), and Zou et al. (2004) in this new and
challenging area of applied seismology. Tremblay et al. (1999)

Figure 3. Time-lapse seismology generally takes place in producing oil fields.
Continued on Page 28
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and Sawatzky et al. (2002) have described the
physics of cold production footprints and have
laid the groundwork of reservoir characterization
in cold production problems. Although much
remains to be done in the integration of petrophysical and geophysical methods to map subsurface changes, the initial findings of Chen et al.
(2004) suggest that multicomponent seismology
holds considerable promise.
Some intriguing examples of the effects of cold
production on seismic responses, in which reservoir production is related to seismic anomalies,
are shown by Zou, Bentley et al. (2004 and this
issue).

Figure 4. A possible flow diagram for reservoir characterization, from Zou et al. (2003).

Figure 5. Difference seismogram for seismic surveys in Pikes Peak field, illustrating that the zone of
greatest change is in the steam flood zone, from Watson et al. (2002).

Figure 7 shows a subtle contrast between seismic
sections recorded in 1987 and 1996 over an Upper
Mannville sand channel for a field in Eastern
Alberta. There appears to be a time delay in the
later survey as a result of the cold production
process. This delay is confirmed by isochron maps
for the interval between the Top of the Maclaren
reflector and the Rex SS, as indicated on Figure 7.
If the isochron maps are differenced for the two
vintages of data, we note travel time delays for the
wells under production, as shown in Figure 8. The
time delay can be attributed to the presence of
foamy oil or wormholes created by the cold
production process. Both of these effects will tend
to decrease the P-wave velocity, as shown by Chen
et al. (2004).
In both hot and cold production, Zou et al. (2004)
show that we need to integrate geophysics and
reservoir simulation models for a complete
description of the reservoir. Zou’s work maps out
the future for integration of geoscience and reservoir engineering in reservoir characterization.
Reservoir characterization is an evolving science.
There is a constant need for integration and
“closing the loop” between geoscience and reservoir engineering. Developments that have
occurred in recent years include the following:
• Integration of borehole and seismic information
in the development of reservoir simulation
models.
• Increased use of AVO (amplitude variation with
offset) methods.
• Optimized use of multicomponent seismology.
• Development of reservoir simulation models
from geophysical and geological data.

Conclusions

Figure 6. Difference of synthetic seismograms for the 1991 and 2000 seismic models; the seismic model
is created by the fluid substitution based on steam zones, from Zou et al. (2003)

An exciting feature of reservoir characterization is
that we are continuously able to prove or disprove
our models due to the dynamic flow of information from production. Also, there should be a

Continued on Page 29
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constant feedback between the seismic modelling and processing
and the reservoir simulation. Given the vast heavy oil reserves in
Western Canada, there will be a great need for heavy oil reservoir
characterization for many years to come.
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Figure 7. Time-lapse seismic survey over cold production field in Eastern Alberta, from Zou,
Bentley et al. (2004).

Figure 8. Difference in isochron maps for Eastern Alberta cold production fields. Zones of greatest time
delay (blue polygon) are near the best producing wells. The wells circled in black have a cumulative
production of over 15,000 cubic metres.
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