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Economic Downturn Slows Heavy Oil Developments

Petroleum Africa checked in with Kambiz Safinya, heavy oil themedirector with Schlumber ger

on theimpact of the economic downturn on the development of heavy oil, and some of the
emer ging technologies that are making the unobtainable obtainable.

What impact is the economic downturn having on the viability
of exploiting heavy ail resources?

The economic downturn has reduced investments in oil and gas.
Lower oil prices and tight credit markets are causing oil and gas
producers to reduce investments worldwide in upstream, midstream,
and downstream activities. Global oil demand growth in 2008 was
negative (-0.6%) [BP Statistical review] which makes devel opment
of costly and high risk projects less urgent. In Canada alone, about
$10 billion of investment slated for heavy oil project development,
mostly in surface infrastructure (upgraders, new project infrastructure,
etc.) has been deferred. Thisbeing said, operators with strong balance
sheets and favorable credit ratings are able to continue with investments
and are taking a longer term view. Qil price certainly matters. New
Canadian oil sands projects require an oil price between about $65
and $90 (in situ thermal recovery and mining respectively) to make
an adequate return on invested capital. By contrast, deepwater projects
[non-heavy oil] have a price threshold of $50-$60 per barrel.

In general, heavy oil operating expenditures have also been reduced
as operators build their cash reservesto position themselves to support
less profitable projects or for possible acquisitions. Existing heavy
oil production activity is currently generating cash as today’s low
gas prices coupled with asmall WTI-Heavy price differential renders
these projects relatively profitable.

In the US capital spending will fall 26% from the level in 2008, to
$242 hillion. Canadian total spending will decline 15% to $52 hillion,
mostly in the bitumen deposits which are called oil sandsin Canada.
Downstream investments will also be lower this year compared with
2008. In the US they will decline by 22% and by 25% in Canada,
following a surge in spending in 2008. Small producers are reducing
spending more than large producers. However, costs are also declining
as prices of commodities such as steel reduce because of the recession.
Thus, capital spending reductions may not result in a proportional
reduction in activity, and some operators may be waiting for further
cost reductions before they resume capital spending.

In North America, Mexico is an exception as its capital budget is
predicted to increase by 15% over last year. Some of this spending
will be for heavy oil projects to partialy offset the decline in the
Cantarell field.

Outside North America, oil and gas spending is expected to decline
by 6% on average. The spending cuts may not have much impact on
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upstream activity because costs are also declining and in
some countries, such as Russia, currency devaluation will result in
lower costs.

Are heavy oil projects being slowed down/put on hold until a
mor e favor able economic climate returns?

In Canada, the country with the largest heavy oil deposits, several
approved oil sands projects have announced delays of one year or
less. However, decisions on projects that have not received approval
are being postponed. Many of the delays are expansions of existing
projects. The Canadian Energy Research Ingtitute (CERI) cut forecasts
for 2020 oil sands production from about 4 million bpd to just under
3 million bpd.

On the midstream side, one upgrader in Alberta has been cancelled
and construction halted on another. Upgraders are used to covert
bitumen to synthetic crude oil. This increases the value of bitumen
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Petrel seismic-to-simulation software optimizes SAGD production

and allows it to be processed in most refineries, but they are costly.
Other than the cancelled upgrader, the delayed projects will likely
go forward. Most producers expect oil demand and pricesto increase
again once the recession is over.

Inthe US, in Cdlifornia, heavy oil projects, aswith conventional oil
projects, have found most operators cutting back on drilling
replacement wells. Heavy oil operators are however continuing to
maintain their steam flood operations without expansion.

Latin America hasin general slowed down for avariety of reasons.
Venezuela, holding the second largest heavy oil depositsin theworld,
is alarge producer of heavy and extra-heavy (APl <10°) oil. The
reduced investment over the past few yearsisrelated to restructuring
of the oil industry rather than the recession, however 2008 has seen
asignificant slow down in exploration activity and some declinein
production partly from OPEC quota reductions. There is a strong
interest in in-situ combustion as a production method to improve
recovery rates over existing cold production.

Elsewhere in Latin America, heavy oil projects with API gravities
between 10° and 22° are going ahead, though perhaps at a slower
pace. Smaller projectsin Columbia and Peru appear to be on track,
with some possible delays. In Brazil, investments may be temporarily
shifted from heavy il in the Campos Basin to the light oil deepwater
subsalt discoveries made last year.

In the North Sea, clients are mostly producing the lightest oils with
APl >16° and expect to drill more wells within a year, while in
Romania, the only significant heavy oil activity in Europe, has slowed
due to the downturn.

Activity in the African continent is in early evaluation phases and
focused on West Africa (Tchikatanga) and Nigeria (Ofa). Off the east
coast of Africain Madagascar, significant heavy oil deposits have
been discovered and arein early development planning phases.

Heavy oil projectsin Egypt, Syria, Oman, and Kuwait appear to be
moving forward with some delays.

Stridesin Heavy Oil Recovery Techniques

Steam Assisted Gravity Drainage (SAGD)

Offshore heavy oil developments have benefited from better
techniques for completing horizontal wellsin heavy oil reservoirs.
Steam assisted gravity drainage (SAGD) isarelatively new technique
to produce bitumen in reservoirs too deep to mine. It was devel oped
in Canada and is being pilot tested in bitumen deposits in Russia,
China, and the Middle East.

In-Situ Combustion (I SC)

In-situ combustion (ISC) is a recovery technology that has been
around for more than 40 years. It has promise for the future because
it has alower environmental footprint compared to other ‘thermal’
recovery techniques (heavy metals and coke are left behind in the
reservoir, and some upgrading occurs in-situ, relatively low or non
water usage) and generally is thought to deliver higher recovery
rates (recovery inthe order of 70% isnot an unreasonable expectation).
New configurations are being experimented with to improve
results further.

In the past, supporting technologies were not available for this
method. Now with increasing environmental pressures, and advances
in the high temperature capability of upstream oilfield development
technologies, this option is looking more attractive to those with
suitable reservoirs.

For example simulation software can now help to reduce some of
the uncertainties associated with this method, and more high-
temperature drilling and completions equipment coupled with high
temperature monitoring technology have become available in recent
years to maximize recovery, and avoid the potential of by-passed
pay. These advances help to manage the fire front, improve reservoir
understanding, and enable better overall results. In short, technology
has hel ped to make this method less uncertain than it was previously.
Today there are two commercial heavy oil fields being produced
using ISC, yet operatorsin North and South Americaand Asiaare
investigating it as arecovery option.

Gas | njection

Gas Injection using CO2 or solvents is also receiving interest by
those operators looking to switch from primary (e.g. CHOPS) to
enhanced oil recovery (EOR) methods. The challenge is managing
the cost of the solvent versus the price of the oil recovered. Better
reservoir and fluids characterization, combined with geomechanics
knowledge and simulations— to understand the way solventsinteract
with the fluids and rock within the reservoir and to understand how
the solvents could be recovered over time — are helping to improve
the economics of this recovery option.

Non-Thermal Methods

Other non-thermal EOR methods being investigated include injecting
polymers and enzymes into the reservair to help the il to flow more
easily. Polymers help to reduce viscosity by creating water envel oped
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In China, heavy oil developments in Bohai Bay are going forward
yet some projects on land slowed down as production costs exceed
importation costs; as oil pricesrecover, these fields will likely resume
activity. In one of Indonesia’s most mature fields, Duri, the activity
is planned on along term basis and no significant reduction in activity
has been observed.

What arethe most expensive forms of heavy oil production that
arelikely to have suffered most from thefall in oil prices?
Asarule the more viscous the oil the more expensiveit isto recover.
Bitumen (viscosity > 10,000 cp) is generally recovered through
surface mining if it is less than approximately 70 meters below the
surface. Bitumen is separated from the sand using steam and is then
diluted with condensate or other light liquid and transported to an
upgrading facility or heavy oil refinery.

In-situ methods such as Steam Assisted Gravity Drainage (SAGD)
are used to recover bitumen in reservoirs too deep to mine, up to a
depth of about 600 meters. SAGD is mostly implemented in Canada
although some fields in China have also been produced using this
method. These methods are |ess capital intensive than surface mining
however total supply costs including cost of capital are comparable
with surface mining (CHOA handbook).

Steam flooding and Cyclic Steam Stimulation (Huff ‘n Puff) are the
enhanced oil recovery technologies most commonly used in heavy
oil fieldsin North America, Indonesia, China, the Middle East, and
elsewhere. These are generally large shallow onshore fields in areas
with good infrastructure and also tend to be less costly to develop
than bitumen mining projects.

Many reservoirs are not suitable for steam based thermal recovery.
For example certain reservoirs are either too deep for steam injection
dueto hest lossesin the well, or they lack a suitable cap rock capable
of resisting the steam pressure in the reservoir, or they may be located
in areas that are environmentally sensitive and cannot support the
surface infrastructure required to generate steam. In some cases,
where the viscosity of the oil at reservoir conditionsisrelatively low
(100s of cp) non-thermal recovery methods such as water flood,
horizontal wellsto improve reservoir contact, multilaterals, fishbone
laterals, and cold heavy oil production with sand (CHOPS) may be
used to recover the oil.

All of these methods have lower upfront investment costs yet
suffer from lower recovery factors. Additionally, since they do not
depend on the operation of costly surface facilities to recover the ail,
they can be shut down more readily than the more complex
thermal recovery projects. Surprisingly, today the operating costs
for these methods are not significantly lower than the operating costs
for thermal recovery projects due to the low price of gas.

Are there any particular heavy oil recovery technologies
developed by Schlumber ger that you would liketo highlight?

The following devel opments have been particularly important:

Cold and Thermal Recovery Optimization Sudies. Current approaches
to recovery planning of heavy oil reservoirs are generally based on
empirical approaches coupled with long pilot studies to confirm
critical assumptions of the recovery design. An approach which is

oil in water emulsions. Enzymes affect the surface adhesive properties
of the oil and allow it to flow more readily.

Vapor Extraction (VAPEX)

Vapor extraction, or VAPEX isalso in the experimental stage. Similar
in mechanics to SAGD, but using vapor to mobilize the oil, the
solvent vapor condenses into the heavy oil and reducesits viscosity.
The bitumen isfluidized not by heat transfer, but rather by molecular
diffusion of the light hydrocarbon. The challenges are similar to
those of gas injection. The solvents required currently make this
method uneconomic for mainstream operators to consider.

Viscosity Reducing Water-Alter nating-Gas (VR-WAG)
Another cold production technology; Viscosity Reducing Water-
Alternating-Gas (VR-WAG), is being used in heavy oil reservoirs
in Alaska, as steam based methods cannot be used generally due to
environmental concerns. VR-WAG involves injecting rich natural
gas, which is a gas containing high fractions of ethane and propane,
alternating with water injection. The rich gas swells the oil and
reduces its viscosity; the lower viscosity oil can then be recovered
by water injection.

Electro-Resistive Thermal Recovery

Much is made of the effectiveness and relative technical simplicity
of steam asarecovery method (e.g. SAGD and CSS). But experiments
are underway to test non-steam thermal recovery methods. Electro-
resistive thermal recovery works by passing a current through the
conductor in a reservoir (water), the water heats up, and heat is
transferred to the oil improving its mobility. Electricity generation
on site is required, but CO2 emissions are no longer a challenge.
Although still in its infancy this option is gaining interest in
relatively shallow plays that are too deep to mine but too shallow
to heat with steam.

Hot Fluid Circulation

Heating the reservoir through hot fluid circulation is also being
investigated. In this method, hot oil is circulated through
horizontal vacuum tubing and heat is radiated into the reservoir to
mobilize the reservoir oil so it will flow into the tubing and to
the surface.

Thermally Assisted Gas Oil Gravity Drainage (TA-GOGD)
There are also many variations on steam injection methods. Thermally
assisted gasoil gravity drainage (TA-GOGD) is being used specificaly
in fractured carbonates where the fractures are used to help distribute
steam or gas around the reservoir, and to also help drain the oil once
it is heated and its mobility isimproved.

Horizontal Alternate Steam Drive (HASD)

Horizontal alternate steam drive (HASD) is a process based on a
repetitive pattern using horizontal wells acting alternatively as oil
producers and steam injectors. The recovery mechanism is a
combination of horizontal steam flooding between wells and cyclic
steam stimulation of each of the horizontal wells in the pattern.
Properly implemented, HASD could be more efficient than
classical cyclic steam injection and more effective than direct
steam flooding.
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closer to the recovery planning for aconventiond reservoir is however
now within our grasp. The reservoir development strategy is based
on an accurate characterization of the reservoir to build an accurate
earth model which feeds into a predictive reservoir simulator. The
simulator is used to optimize reservoir recovery and production goals
through carefully conducted simulation studies prior to engaging in
any costly pilots.

In an ideal world the need for pilots would be eliminated, however
this approach is relatively new due to the recent emergence of the
technologies required to follow the approach. Therefore asimulation
study is conducted to mitigate risk and to select the most appropriate
pilot for optimum recovery and production. To wit, a range of
technologies are now available that can characterize heavy oil reservoir
geology and fluid models.

The classical inputs from seismic and formation evaluation well logs
are enhanced by data from NMR and dielectric logs designed to
measure heavy oil viscosity aswell as water saturation and relative
permeability. Current technology is being developed for soft rock
side wall coring and viscous oil fluid sampling in addition to soft
core and fluid analysis technology to measure geomechanical rock
properties and PVT heavy oil properties at reservoir steam
temperatures. The data is integrated to build an earth model in a
platform such as Petrel* software which is used to drive simulation
studies to investigate various recovery strategies. Simulation studies
using simulators such as ECLIPSE" or ECLIPSE Thermal software
alow fast experimentation without the cost of conducting expensive
pilots, saving both time and money. Ultimately the optimization study
leads to the design of an efficient pilot to test the critical predictions
of the study.

Optimization of recovery and efficiency through monitoring and
control. An important trend in the industry is to improve the
management of the reservoir to simultaneously optimize recovery,
production, and energy usage. This effort requires the use of
monitoring technologies that measure fluid production parameters
(multiphase flow), measurements that are made inside the wells (for
example pressure, temperature) and interwell or reservoir scale
measurements (surface or cross well measurements such as seismic,
electromagnetic and gravity). These measurements provide operators
with knowledge of how the reservoir is responding to the EOR
stimulus that they are providing.

In addition, measurements of the stimuli are also required, such as
steamn quality, injection rate, pressure, temperature, and surface facility
parameters. These can also be made at surface or inside the wells.
These measurements must be entered into an integrated system such
as the Avocet” platform which also allows operators to control the
stimuli to produce the field.

As an example in a SAGD project, technologies exist to manifold
the steam injector and the producer to compensate for differencesin
steam injectivity along the horizontal injector as well as variations
in reservoir permeability along the producer well. A first design for
the optimum steam injection rate, generated through simulation
studies, is“programmed” into the completion string. Once steaming
operations are in progress the steam chamber can be monitored
*Mark of Schlumberger

SAGD Variants

XSAGD pronounced ‘ Cross-SAGD’ uses the same steam-chamber
process as standard SAGD, however the injectors and producers are
perpendicular, not horizontal, so creating a criss-cross pattern for
improving drainage.

ES-SAGD or Expanding Solvent-SAGD is a steam-based hybrid
process with solvent or a mixture of solvents added to the steam in
the SAGD process. The selection of the solvent is based on matching
the evaporation temperature of the solvent with steam at the SAGD
operating temperature so that the solvent will behave similar to
steam in terms of evaporation and condensation. The solvent is co-
injected with steam at all times. There are a few field pilotsin
Alberta, Canada testing the ES-SAGD currently.

Steam Alternating Solvent (SAS) is also a steam-based hybrid
process which involves injecting steam and solvent alternatively.
In this case, the process will start with the standard SAGD
process, then, steam injection is substituted by solvent or a mixture
of solvents for a period of time. The steam and solvent injections
can then be continued for a few cycles. The process is still at the
R&D stage.

Technology is aso being developed to generate and inject steam
downhole at the sandface. If successful, this technology could be
used to increase recovery in deep heavy oil reservoirs where steam
injection from the surfaceis not feasible.

through adistributed fiber optic sensor in the producer well, or surface
or cross well seismic measurements and adjustments made to the
completion string to optimize the steam conformance in the reservoir.

A similar approach is used to adjust and optimize the inflow of oil
in the producer. In this way, not only does the operator improve the
recovery of reserves, but is able to prevent wastage of steam
and control production to match the specification of the rest of the
system. Some operators are already using an approach similar to
what is described here and others are gaining interest in this
recovery method.

Isthere anything further you would like to add about prospects
for heavy oil in the coming year s?

The economic recession is projected to end sometime in 2010. Once
economic growth resumes, oil demand will begin to grow again,
though perhaps not at the pace that had been forecast by major
international energy agencies before the recession. Most oil producers
believe that oil prices will rebound once the recession ends and
demand growth increases.

Light and medium crude oil volumes are expected to reach a plateau
within the next decade so that future liquid fuel demand will be met
increasingly by heavy oil and bitumen, natural gas liquids, and
alternative energy sources.

Most energy experts agree that all energy sources will be needed
to meet the world's increasing demand for energy. Heavy oil and
bitumen, because of the enormous size of the resource, will continue
to be an important source of the world’s energy. @
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