
���

����������	
�����
��
 �
 �	�
��
 �
 ������
���
 �
 ����

� ���	
	����������	���
	������

�������	
��������������������������

���������������� ��!�"��� ���#

��$"�%�$$�����$��

&'�()����("�#����$���'�(	�*��'+�$��"(�#�) 

,
 &(��(��($��(�#�"��� ���#

Heavy oils are set apart from conventional oils by their high viscosity and density (low
API gravity). The oils have very little gas in solution. They often contain above average
amounts of sulfur, metals and asphalt. For example, the U.S. crudes in the 20°–25°API
range contain 0.1 to 4.17 percent by weight of sulfur. Canadian crudes contain about 3.0
percent sulfur. The 7.1°API Oxnard (California) crude contains 7.47 percent sulfur. Simi-
larly, heavy oils often contain large amounts of metals, e.g. vanadium.

Definition of heavy oil is not consistent, and varies with authors. In 1982, the UNITAR
conference in Venezuela defined heavy oil by density measured on the API gravity scale as
lower than 20 API and in-situ viscosity range from 100 cp to more than 100,000 cp.
Albooudwarej [2004] expands the definition by putting the in-situ viscosity of heavy and
extra heavy oils within the range from less than 20 cp to more than 1,000,000 cp.

Biodegradation is the main cause of the formation of heavy oil. Geochemists generally
agree that nearly all crude oils start out with API 30° to 40°. Oil becomes heavy only after
substantial degradation during migration and after entrapment. Degradation occurs through
a variety of biological, chemical and physical process. Bacteria borne by surface water me-
tabolize paraffinic, naphthenic and aromatic hydrocarbons into heavier molecules. Forma-
tion waters also remove hydrocarbons by solution, washing away lower molecular-weight
hydrocarbons, which are more soluble in water. Crude oil also degrades by de-volatilization
when a poor-quality seal allows lighter molecules to separate and escape.

Most of the heavy oil deposits in shallow, high permeability, high porosity poorly con-
solidated sand formations. The oil saturations tend to be high, and formation thickness tend
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to be several hundreds feet. Many reservoirs in California, Western Venezuela and Alberta
have similar characteristics. Typical values of heavy oil reservoir properties are shown in
Table 1.
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Upcoming peak production of oil, worldwide, has recently turned attention of the
petroleum industry to unconventional “heavy” oil – an abundant replacement resource.
According to Albooudwarej et al. [2006], the world’s total oil resources amount to roughly
9 to 13 trillion barrels. Conventional oil makes up only about 30! of this amount, the rest
are heavy oil, extra heavy oil and bitumen (Fig. 1). It is evident that heavy oil resource is
much more abundant than the conventional oil. The main known accumulations of heavy oil
deposits in the world are in Canada and Venezuela with considerable resources in the USA,
China, Suriname and other regions.
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Properties Value 

Deposition Depth 3000 ft or less 

Permeability One to several darcies 

Porosity Around 30% 

Oil saturations 50–80% 

Formation thickness 50 to several hundred feet 
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Canada has the largest heavy oil resource with some 1.7 trillion barrels of extra-heavy
oil, plus a further 25 billion barrels of heavy oil in the 10–22.3 API gravity range. Canada’s
heavy oil and bitumen is situated in the Athabasca, Wabasca, Peace River and Cold lake
areas of Alberta and the Lloydminster area of Saskatchewan (Dusseault, 2006).

Venezuela has around 1.2 trillion barrels of extra-heavy oil in the 400 miles long
Orinoco Belt in the east of the country, plus up to 250 billion barrels of heavy oil in other
areas (Kopper, 2002). In the Orinoco Belt, reported producible reserve for the four
main areas are 265 billion STB in Machete, 220 billion STB in Hamaca, 500 billion STB in
Zuata, and 215 billion STB in Cerro Negro.

In United States, there are over 2000 heavy oil reservoirs, occurring in 1500 fields in
26 states (Faruk Ali, 1974). California has the largest heavy oil reserves of 53.64 billion
barrels followed by Texas with 30.57 billion barrels. The Kern River field, near Bakersfield,
California, was discovered in 1899. This field is about 6 miles long and 4 miles wide, and
produces heavy oil from the Micocene-to Pleistocene-aged Kern River formation. Sands in
Kern River formation had an average initial oil saturation of 50!, Average porosity is 31!
and permeability ranges from 1 to 10 Darcy. The initial reserves have been estimated as
4 billion barrels of oil having gravity of 10° to 15°API and viscosity of 500 to 10,000 cp
[Curtis et al, 2002].

China has very significant heavy oil deposits of 10 billion barrels of oil in place in the
four major heavy oil producing areas, Liaohe Oilfield, Xinjiang Oilfield, Shengli Oilfield
and Henan Oilfield. There various types of heavy oil reservoir within depths from 1312 ft to
5248 ft and oil viscosity from 100 cp to more than 50,000 cp [Hu Jiangyi et al., 1998]. The
Liaohe’s Gaosheng reservoir, for example, is a deep massive heavy oil structure with gas
cap and bottom water, while the Liaohe’s Jin-45 reservoir is a thick inter-bedded heavy oil
structure with edge water, and the Liaohe’s Shuguang-175 reservoir is a massive heavy oil
structure with active edge and bottom water.

In Suriname, the Tambaredjo reservoir comprises heavy oil having gravity varying
from 16o to 21o API with increasing depth. The oilfield reserves are estimated at 900 mil-
lion bbl oil in place with recoverable reserves of 153 milion bbl. The reservoir rock is built
of the unconsolidated sands of Paleocene age and of fluvial-estuarine to coastal marine of
origin at a very shallow average depth of 900 to 1200 ft. The oil is heavily weathered as it
has migrated over 60 miles since the deep source rock – deeply buried offshore – reached
thermal maturity. During the migration, the oil pool has been washed or biodegraded or
differentially fractionated. In the result, the oil lost its light fractions due to its shallow
depths – 650 ft to 2000 ft.

The short overview above shows that heavy oils are important energy source on the
way to making a significant contribution to the world energy supply. As production of con-
ventional light crude oil has been slowing down to be able to meet the demand, the industry
focus is shifting to “unconventional” heavy oil. Also, the continuing raise of oil price makes
heavy oil even more attractive to produce. With high prices, many heavy oils can now be
produced economically.
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Techniques for primary heavy oil recovery are similar to those for conventional oil
production. Unfortunately, primary recovery of heavy oil is extremely low due to the high
viscosity of oil and low mobility of the oil. In most cases, reservoir pressures are too low to
allow oil to free flow to surface, and downhole mechanical pumping systems are required.
Production rates from typical heavy oil wells are very low, ranging from around 12 to
60 barrels per day. Recovery factors through primary production are also extremely low, in
the range of 5 to 15 per cent.

Technologies required to economically extract viscous oil in situ are classified based
on the use of heat. Thermally assisted methods involve cyclic steam, steam flooding,
SAGD, or in situ combustion. Cold production methods do not require addition of heat.
They can be used when heavy-oil viscosity at reservoir conditions is low enough to allow
the oil to flow at economic rates.

In cyclic steam stimulation (CSS), steam is injected into a well for a time period from
several days to several weeks. The heat is allowed to soak into the formation surrounding
the well for an additional time (weeks). The oil is then produced (possibly for up to a year)
until the rate drops below an economic limit. A steam flooding may follow CSS to sweep oil
from between wells. Steam is injected in one well and oil is produced from another well.
Reportedly (Albooudwarej, H. et al, 2006), the steam flooding operations have given reco-
very factors of over 70!.

Steam assisted gravity drainage (SAGD) is now one of the fastest growing techniques.
In the method, two horizontal wells are drilled parallel on top of each other and separated by
a constant vertical distance – typically 5 m. Steam is injected into the upper well, and oil is
produced from the lower well. Recovery factors of 50! to 70! have been reported with
this method. For the steam assisted methods, the cost of heat is a major economic constraint.
Since the steam is generated with natural gas, the operating cost can be very high

Cold production of heavy oils using vertical wells requires use of downhole pumps at
low rates and gives low recovery factors, typically 5! to 10!. To enhance the pumping,
water floods in a few limited cases have been used with heavy oil to support formation
pressures and help displace the heavy crude.

Cold production has been much more successful using horizontal wells since they
would allow higher rates with low pressure drawdown. Long horizontal wells with several
multi-lateral branches have been used widely in heavy oil recovery at Faja Del Orinoco in
Venezuela, where the production rates as high as 2000–3000bbl/day have been achieved
with oil viscosity 1200–5000 cp. On the UK continental shelf, horizontal wells combined
with water flooding are used to produce 10 to 100 cp oil to the floating production storage
and offloading (FPSO) systems (Eteba, 1995, and Rae G, et al, 2004).

Another cold production method is called CHOPS (Dusseault,M.B, 2006). In the
method, instead of blocking sand by screens or gravel packs sand influx is encouraged by
aggressive perforating and swabbing strategies and sustained during production by high
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drawdown. With the sand ingress, a 10 to 20–fold increases of well productivity comparing
to those for the sand-free primary production are regularly achieved (e.g. 100 b/d rather
than 5–10 b/d). Consequently, 12–25! recovery can be achieved, rather than the 2–8!
typical of primary production without sand.
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Heavy oil recovery is further complicated with the presence of water underlaying the
oil reservoir. The water layer is usually below the oil zone but for very heavy oils it may also
overlay the oil-bearing zone. In the presence of bottom water, the global effect of water
drive by the active water zone becomes insignificant as it is overshadowed by the local
effect of water coning.

Thermal methods become ineffective in the presence of bottom water. During thermal
recovery process, the water from the aquifer can migrate into the steam chamber and ther-
mal steam energy would be wasted on heating this water up to the steam temperature [Kula-
da Karmaker, et al., 2003]. When the steam chamber pressure exceeds the adjacent aquifer
pressure, the migration of steam into the aquifer occurs. (Encroachment of some oil from
the reservoir into the aquifer may also take place. In the thermal recovery process, another
major source of loss is the heat conduction into the overburden and underburden. The im-
pact can be more significant if the oil zone is in contact with underlying aquifer as the
thermal conductivity of aquifer is much higher than that of the cap rock or gas bearing rock
[Kulada Karmaker, et al., 2003].

Water coning is induced by the well’s pressure drawdown and its severity depends
upon the difference between oil and water viscosities and gravities. Large viscosity contrast
and small gravity difference stimulate coning. These are the conditions of heavy oils where
water coning is very dramatic. In heavy oils, critical production rates are too small to make
the production process economical. It is impossible to avoid coning at economical produc-
tion rates even in low gradient cases if oil viscosity exceeds 100 cp (Dusseault, M.B, 2006).
Moreover, for production rates above the critical rate, water cut quickly rises to a very high
value, making the production not economical. For example, production in the oil field H.K.
with bottom water drive, located in Shandong, China, reached 90-percent water cut when
recovery factor was merely 1! (B.Ju. et al, 2006). Viscosity of the H.K. reservoir crude is
710 cp. In the Canadian heavy oil reservoirs, water cut can quickly be as high as 97! that,
for the given high operational costs of production, would make the process not economical
(Dusseault, M.B, 2006).

Horizontal wells also become less productive in heavy oils with bottom water due
water cresting. In Canada, for example, since the late 1980’s, the cold production with
horizontal wells has shown more failures than successes – mostly due to the water cresting
that would cause early water breakthroughs to producing wells. The invasion of water could
not be plugged-off that resulted in short well life and low recovery factors (Dusseault,
M.B, 2006).
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We demonstrate the difference in the well productivity mechanisms for the light and
heavy oils using data from our other studies with the LSU computer program, DWS Nodal
Analysis Toolbox, developed in the 2003 DWSTI Annual Project (Qin W., and Wojtano-
wicz, A.K., 2007). The program simulates a well in a radial oil reservoir supported by
a large bottom aquifer. The program interacts with the simulator’s input and output files by
reading the data from simulation results to the spreadsheets and generating the inflow and
tubing performance relationships required for nodal analysis.

Using the software we analyzed well performance for two cases of conventional and
heavy oil systems in the same reservoir. In the comparison, rock properties did not change
but the fluid data were different. A 48-degree API oil having 0.8 cp in situ viscosity repre-
sents typical light oil. Fpor comparison, we used a 22-degree API oil with 11 cp in-situ
viscosity representing the lightest possible heavy oil that could be produced without thermal
recovery methods.

Shown in Figure 2 are typical plots of relative permeability for light oil together with
the resulting total mobility. Total mobility decreases from 100 to 40 with increasing water
saturation from 0.2 to 0.6. Above the saturation value of 0.7, total mobility exhibits rapid
increase to its maximum value of 150 at the end-point water saturation (approximately 0.9).
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Shown in Figure 3 are plots of relative permeability and total mobility for heavy oil.
Total mobility rapidly decreases from 7.3 to reach very small minimum value of 1.3 at water
saturation 0.6 above which it comes to the end-point value of six.. In comparison to conven-
tional oil, total mobility for heavy oil is much smaller over the entire range of water satura-
tions; it is also more sensitive to the change of water saturation – particularly for small water
saturations.



��0

!��
��
� ����	�����.��&	�	����$�����.�&	�	����������"�����	�

Water cut responses to increasing production rate for light and heavy oils is shown in
Figure 4. The plot demonstrates variable water cut that increases within a considerable
range of flow rate, from critical rate, 36 bpd, to about 600 bpd, and then asymptotically
converges to a constant maximum value 76!. For heavy oil, predictably, critical rate is very
small, 6 bpd. Above this value, water cut increases rapidly with increasing rate to the as-
ymptotically approached ultimate value of 96 percent. The range of flow rates with variable
water cut is very small, from 6 bpd to 64 bpd, comparing to the light oil range, 36–600 bpd.
Thus, for heavy oil the operational range of production rates controlling change of water cut
is very small comparing to conventional oils.
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There is a notable difference in the well flowing pressure change after water invasion
(breakthrough) to the well’s production stream. In the light oil production, after the break-
through, as the water cut increases, there is a corresponding decrease of the bottomhole
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flowing pressure. Figure 5 presents the flowing bottomhole pressure in time at con-
stant production rate (128 bpd) for the light oil case. After initial drop and stabilization, the
flowing bottom-hole pressure gradually decreases from 4,435 psi to asymptotic value 4,400
psi, as water cut increases from zero to 40!.

The change of total mobility correlates with the pressure change in this system. As
shown in figures 2 and 5, decreasing total mobility with increasing water saturation from
0.2 to 0.6 (for water cut increase from zero to 40!) results in reduction of the bottom hole
flowing pressure.

!��
��
1������#	�/���

����"��/�#	�"#���������-)�&�$����	/"��	�

!��
�4
1������#	�/���

����"��/�#	�"#���������-)�&�$���"�����	�

Figure 6 presents the flowing bottom hole pressure change with time at constant pro-
duction rate, 128 bpd, for the heavy oil. After the initial 730 psi drop and stabilization at
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3,770 psi, there is a slight reduction of flowing pressure (from 3,770 to 3,720 psi) after
water breaks to the well followed with steady 540 psi increase to 4,260 psi. Here, unlike the
conventional oil case, the flowing pressure increase follows the water cut increase pattern
(water saturation greater than 60!) and stabilization at 88 percent. The different behavior
of flowing pressure results from the total mobility increase (shown in Fig. 5) at water satu-
ration (water cut) values above 60!.
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Downhole Water Sink (DWS) technique employs hydrodynamic mechanisms of
coning control in-situ at the oil-water or gas-water contact. The mechanism is based upon
a localized water drainage generated by another well completion (downhole water sink)
installed in the aquifer beneath the oil/water or gas/water contact, as shown in Figure 7.
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A submersible pump controls the water cone by draining the formation water from
under the well. Therefore, fluids produced by the top completion are either free of water or
have small water content – subject of the drainage rate adjustments. In the result, the well’s
productivity potential can be fully utilized to maximize oil production.

DWS principle is similar to the aquifer lift technique that has been used in heavy oil
production with side or bottom water drives. In the technique, that has been implemented on
a large scale in Europe [Proyer, 1985] and the USA [Dietrich, 1988, and Stokes, 1977],
aquifer water drainage is used to enhance thermal oil recovery by intensive pumping
of water from a cluster of downdip or bottom water wells to reduce aquifer pressure. For
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example, in the Mount Poso field north of Bakersfield, CA, the low recovery efficiency
caused by the underlying strong aquifer has been notably improved by installing 60 water
drainage wells located near the oil water contact, OWC, [Stokes, 1977].

The purpose of the aquifer lift technique is to create global reservoir-wide reduction of
the aquifer pressure to reduce the steam chest pressure and improve heating efficiency of
the steam flood. In contrast, the pressure reduction in DWS wells is local and it aims at
preventing water cone from rising and breaking through to the oil-producing upper comple-
tion. Another advantage of DWS over the aquifer lifting is lower cost. Instead of drilling
a cluster of aquifer lift wells, DWS would require only recompletions of the existing pro-
duction wells to increase recovery factor that might be comparable with that for the aquifer
lift project.

In 1996–97, Texaco tested DWS technology (dubbed: In-Situ Gravity Segregation;
IGS) in the Kern River oilfield, described above. There are over 6000-ft thick marine and
non-marine sediments in the Kern River field area. Heavy oil is produced from the non-
marine sediments while light oil is produced from marine sediments in the Vedder Forma-
tion – a Miocene marine deposit averaging 1,100 ft in thickness and comprising four to five
individual sands separated by 150-ft thick siltstones.

The DWS well, Central Point (CPV) 73-X was completed (in 1980’s) in the Vedder
sand where it initially produced 180 bopd with 1000 mcfpd of gas [Bowling, 1997]. How-
ever, water production quickly increased, the well was put on a pump producing only
10 bopd with 560 bwpd. After dual completion with the DWS water drainage-production
installation, the well was put on production by pumping the drained (lower completion)
water through the tubing and lifting the upper completion’s oil from the tubing/casing annu-
lus with coiled tubing.

Initially, water drainage rate was set at 900 bwpd while the upper completion rate sta-
bilized at 17 bopd and 28 bwpd for four months. Then, the water drainage (sink) rate was
increased to 1500 bwpd resulting in upper completion production rates, 24 bopd and
56 bwpd, respectively. The test was terminated after 5 months of production because it start-
ed producing sand at the sink completion. It was estimated that DWS technology would
give 15 million barrels of oil incremental recovery over a two-year period [Bowling, 1997].
However, the well had not been repaired nor the DWS production resumed. “The oil prices
in the late 1990»s didn’t encourage much experimentation” [Blake Shirman, 2007].
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A possible use of the DWS technique has been studied using data for a heavy oil reser-
voir TB-1 in the TB heavy oilfield in South America. The oilfield was chosen by the local
operator as the most promising candidate for DWS due to its unique reservoir properties
and origin. The TB reservoir oil is a final product of migration from a deep marine source
rock, offshore, which is a world class thick source rock. The oil migrated over 60 mi after
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the source rock reached thermal maturity in the source kitchen. During the migration, the oil
pool has been washed or biodegraded or differentially fractionated. The final accumulations
of oil that formed reservoirs have been made mostly by very shallow stratigraphic traps. In
the result, the oil lost its light fractions due to its shallow depths – 650 ft to 2000 ft.

The TB reservoir oil is heavy – varying from 16o to 21o API with increasing depth. Oil
production comes from unconsolidated sands, the T-sands of Paleocene age and of fluvial-
estuarine to coastal marine of origin at average depths of 900 to 1200 ft. The reservoir sands
are covered by transgressive shale that overlaps in the South on the Cretaceous surface
forming a reservoir pinch-out. The thickness of the oil-bearing sands varies from 0 ft up to
45 ft and the sand distribution is very irregular. The T-sand reservoirs comprise three
units of which the T-1 sand is the lowest. The T-1 sand is the pay zone addressed in this
study. Only eight wells have been completed and produced in T-1 sand. The logs from these
wells indicate presence of bottom water having thickness from 2 to 10 feet underlying the
10–24 foot thick oil pay.

Water production development patterns in T-1 sand indicate severe water coning pro-
blem. After the water breakthrough – that is almost instant, the initial water cut (WC) would
quickly increase – despite systematic reduction of pumping rate – and would stabilize at
over 90!. The pattern of WC increase for constant liquid production rate is consistent with
water coning behavior.
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A commercial reservoir simulator has been adopted to study an isolated part of the
reservoir structure coupled with the selected well. Considering a very small dip of the reser-
voir and regular well spacing, a radial-cylindrical simulator was used to model a single
well-reservoir system. Radial geometry is the most commonly used approach to study the
behavior of wells in bottom water-drive systems as it is believed to be the best approxima-
tion of these systems. The model has been calibrated to optimize maximum resolution for
minimum CPU time (number of grid blocks) and to assure adequate representation of the
water drive mechanism (aquifer model). The number of grid blocks in the simulation model
has been optimized using a grid sensitivity analysis. Based upon these results, an optimum
grid density for the single-well simulation model with 50 radial and 64 vertical grids having
total 3200 grid blocks has been selected for further study. The optimization combines good
accuracy with low CPU time.

Water intrusion to the reservoir has been modeled by attaching an aquifer to the bottom
of the oil zone. Two different aquifer models were tested for this study. First, water intrusion
was modeled analytically using the software option of the Fetkovich aquifer, coupled with
the radial model of the oil pay. The second approach involved attaching the aquifer as
a concentric cylinder below the oil zone and numerical modeling with radial grid blocks.
A schematic representation of this situation is shown in Figure 8. Large aquifers are mo-
deled by setting their radial size significantly larger than the reservoir size. The concentric –
cylinder approach has been used by several researchers to study water coning.
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In this section a DWS well completed in T-1 sand is compared with a conventional
single completion well using reservoir data data provided by the operator. A comparison of
the DWS and conventional well completion is shown in Figure 9.

�����>��1�����.����	��
����������	����7�8��$31�7�8#���
	��4-
��$

Note that in DWS well the dual completion is a single-step cased-hole gravel pack that
may result in some hydraulic communication between the bottom and top perforations. It
was, therefore, critical to evaluate the volume of vertical cross-flow through the gravel pack.
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The evaluation was performed by simulating inflow to DWS well in Fig 9-B having
a 5-foot long bottom completion and producing at constant rates of 60 bfpd and 1200 bfpd
from the top and bottom completions, respectively. The gravel pack having permeability of
120 Darcy was modeled by modifying permeability of the innermost three radial grids
between the well completions. The grids have vertical permeability 120 Darcy and zero
horizontal permeability. Since the rates are constant, flowing pressures will vary in time
resulting in variable pressure differential between the two well completions.

The results showed that the top completion would have lower wellbore flowing
pressure than the bottom completion, and the diference could be large enough to generate
crossflow of water through the gravel pack from the bottom completion to top completion.
However, vertical cross-flow of water through the gravel pack was negligeble.
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In this section, we present a “snapshot” comparison of simulated performance of DWS
well and conventional well shown in Figure 9 using reservoir properties from Appendix A
and assuming no capillary transition zone (Pc = 0) and no residual oil in the water zone
(Sor = 0) in the water zone. The two assumptions can be justified by large viscosity contrast
between of heavy pil and water and the migration history. In the simulation, we also arbi-
trarily assume constant production rate at the top completion, 60 bfpd, and water drainage
rate at the bottom completion1, 200 bwpd, over 17 years of production.

DWS well performance is demonstrated in the Figure 10 showing ultimate recovery
plots over 17 years of production. There is a very significant increase of recovery from 4! – for
a conventional well to 37! – for the DWS well. The increase corresponds to cumulative oil
increase from 17,000 bbl to 128,000 bbls due to reduced cumulative water at the top completion
from 375,000 bbls to 255,000 bbls and much smaller water cut throughout the whole produc-
tion period – shown in Figure 11. The suppressed development of water cut allows higher oil
production rate and results in a smaller decline of the oil rate during the well’s lifetime.
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Physical mechanism by which DWS wells would dramatically improve the recovery factor
of heavy oil can be explained by examining the dynamic (flowing) pressure history at the well
(pwf vs. time) and pressure distribution (pf vs. radial distance) throughout the well’s drainage
area. To assure inflow of heavy oil, the well’s bottomhole flowing pressure must be lowered
and maintained over production time. However, conventional wells have no mechanism for
maintaining low flowing pressure after the water breakthrough. Initially, a conventional well
would develop high pressure drawdown, i.e. low flowing pressure. Therefore, once water
breaks to the well, the flowing pressure rapidly increases. In the T-1 sand wells, for example,
the pressure increase begins after three days of production – as depicted in Figure 12.

In contrast to conventional wells, DWS wells employ the low-flowing-pressure mech-
anism resulting from the pressure interference between the two well completions. In DWS
wells, water drainage from the sink completion maintains low flowing pressure at the top
completion – even after the water breakthrough that, in the T-1 sand wells would occur
14 days after the start of production.

The mechanism of flowing pressure with water production is demonstrated in Figure
12, which shows simulated 6-month history of water cut and flowing pressure. The two
parameters quickly rise in conventional well resulting in very small pressure drawdown and
very high water cut. In contrast, in DWS well the 10-year value of WC is 36! with signifi-
cant pressure drawdown of 320 psi.

A comparison of dynamic pressure distributions within drainage area for conventional
and DWS wells is shown in Figure 13. In heavy oil tapped with a conventional well, after
17 years of production, the well’s inflow comes from a small area with effective radius of
drainage still much smaller than the radius of drainage area. As the drainage radius still
hasn’t reached the outer boundary most of the oil in place remains unrecovered.
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In the DWS well (Fig. 13), the water sink radius of drainage is very large due high
water mobility. The inflow of bottom water transmits the wide-spread pressure drawdown
to the oil zone so most of the reservoir oil has been mobilized to flow. In the result, the oil is
produced from the whole drainage area thus increasing the recovery factor.
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