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Leading edge technology—the driving force of our rapid growth!

In 2003, SINTEF Petroleum Research AS produced an
operating result of NOK 8.4 million, equivalent to an ope-
rating margin of 9.6%. Net financial revenue for the year
was MNOK 5.9, bringing the annual profit to MNOK 14.3,
equivalent to a profit margin of 16.4%. Both the operating
margin and the profit margin represent the best financial
results ever obtained by the Institute since its inception
in 1969. This is primarily due to the fact that all six of our
departments are doing extremely well in a demanding
global market. The competence of the Institute is in
great demand, as is its leading edge technology in basin
modelling, ocean bottom seismics, rock mechanics, well
instrumentation and construction, production technology,
multiphase technology, flow assurance, IOR and CO,
deposition. The involvement of colleagues overflowing
with creativity and enthusiasm has been an essential
component of the excellent trend in the results we have
obtained since 1998. The systematic implementation of
high-quality strategic efforts has been another important
factor.

The Institute has grown rapidly in the course of the
past two years. Turnover has increased by 43% and the
number of staff by 33%.

The time-horizon in petroleum research is growing
steadily shorter, and every year it becomes more of a
challenge to persuade the sector to raise its eyes and
face the challenges that lie five or ten years in the future.
In order to give our customers confidence that a particu-
lar concept can be implemented, we are forced to develop
the first stage of the relevant technology ourselves. Our
experience is that it can take as long as five years to
reach this stage. In other words, our experts need to be
able to predict what challenges the offshore industry will
be facing five years before the offshore industry itself
becomes aware of them, and ten to fifteen years before it
will need the technology involved. The Research Council
of Norway is one of the most important links in this chain
of development. The two largest research projects cur-
rently under way at the Institute, LEDA (next-generation
1D/3D multiphase simulator, financed by ConocoPhillips,
Total and SINTEF) and Coldflow (a cost-cutting method
of transporting well-flow in pipelines over very long dis-
tances, financed by BP), are examples of how our experts
have correctly predicted what will be the future techno-
logical requirements of the petroleum industry.

The Research Council of Norway decided to invest in
these two ideas in the early 90s, and in the course of five
to ten years we developed basic technologies that have
opened the eyes of our clients and in so doing have re-

leased a significant amount of funding that has brought
these technologies to the stage of commercial applica-
tion. The two above-mentioned projects will result in
significant reductions in the level of investment required
in future Norwegian and international field developments.
These technologies will make a number of discoveries
commercially feasible and thus give added value, both for
our clients and for the people of Norway. The Norwegian
State stands to gain most by this process. The values
created are far greater than the public-sector support
that enabled the technology to be developed in the first
place. The valuesto be created by these two technologies
can be conservatively estimated at NOK 30 billion, while
the contribution of the Research Council of Norway was
around NOK 30 million. The public-sector funding will thus
have created values equivalent to 1000 times its invest-
ment. This comes in addition to the commercial activities
and new jobs generated by these technologies.

It is vital that our elected politicians understand these
mechanisms of research and innovation. | would chal-
lenge them to move on as soon as possible from their
apparently endless good intentions to real action, and
to bring Norway up to the average level of investment
in research in the OECD. Give the Research Council of
Norway the financial muscle it needs to liberate the inno-
vative ability and value-creation potential of Norwegian
scientists.

David Lysne
President
SINTEF Petroleum Research
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Report of the Board of Directors 2003

ACTIVITY

The company’s growth and results for 2003 confirm the
validity of the long-term strategy that is being followed
by SINTEF Petroleum Research.

In 2003, SINTEF Petroleum Research made an opera-
ting profit of MNOK 8.4, corresponding to a margin
on operations of 9.6%. Net financial revenues came
to MNOK 5.9, so that the overall result for 2003 was a
profit of MNOK 14.3. Both the operating margin and the
margin on results were the best ever achieved by the
company since it was established in 1969.

The Board is very pleased with the result for the year,
and it extends its appreciation for positive coopera-
tive efforts to the company’s clients and partners.
The Board also thanks the staff of SINTEF Petroleum
Research for their excellent work throughout 2003.

During the third quarter of the year, up to 30 members
of staff have been involved in a project for an Iranian
client, which has made a positive contribution to the
company. This project will come to an end in the first
half of 2004.

SINTEF Petroleum Research is a research and deve-
lopment company located in Trondheim, Norway.

PERSONNEL AND ORGANISATION

The company performed 93.5 person-years of work
in 2003. At the year's end, the company had 97 em-
ployees. Seventy-five of them are research scientists,
of whom 36 (48%) hold doctorates. A further six are
currently working on their doctoral theses. A total of
four colleagues left the company in 2003, and seven
new employees joined us. At the end of 2003 SINTEF
Petroleum Research had one consultancy agreement
with a member of NTNU’s academic staff, and the com-
pany has supervised 16 project and diploma students
at NTNU, in addition to 12 students via EU projects. In
the course of the year, the company has employed one
consultant and 16 persons paid on an hourly basis.

Four members of staff of SINTEF Petroleum Research

have spent periods abroad, in Greece, Spain, Italy and
France.

Annual conversations with each individual member
of staff are an important element of the company’s
organisational development strategy.

At the end of 2003, the organisation of SINTEF Petro-
leum Research comprised six scientific departments
plus administrative functions, which consist of the
central staff and the data-processing department.

EQUAL OPPORTUNITIES

At the end of 2003, SINTEF Petroleum Research had
97 employees, of whom 27 were women. The propor-
tion of women among the research staff is 17%, and
in the company as a whole, 28%. The Board has ten
members, one of whom is a woman, and there is one
woman in the company’s management team. One of
the personnel policy goals of the company’s strategic
plan is to raise the proportion of female research staff
and management personnel to 25% by the end of 2005.
The Board intends to raise the proportion of women
among its members.

Like other units of the SINTEF Group, SINTEF Petroleum
Research has a gender-neutral personnel policy,
which is based on the conviction that our internal
relationships should be based on paying attention to
others, mutual respect and valuing diversity.

WORK ENVIRONMENT
Via the Work Environment Committee, the company
enjoys close cooperation with its staff in the exchange
of information and important aspects of the work
environment. Three meetings of the committee were
held in the course of 2003.

Virtually all the HSE initiatives proposed were imple-
mented in 2003. Of these, the following are particularly
worth mentioning: survey and following up of the work
environment by means of safety surveys and/or risk
assessments of offices and laboratories, as well as
risk assessments of new activities. On the training
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side, in 2003 we carried out practical fire-drills. Most
of the measures were implemented in the Department
of Multiphase Technology, where we made particular
efforts with respect to infrastructure protection,
document security, fire safety and personnel safety.
We also placed sharper focus on work enjoyment,
cooperation and motivation via joint arrangements
and departmental measures. Physical environmental
factors were also improved in 2003, for instance
through a continuous process of systematisation of
the chemical store.

Sick leave in 2003 was 2.9%, compared to 2.0% in the
previous year. There was a single work accident in the
course of the year, although the injury was not serious
and did not result in sick leave. The incident has been
investigated and the appropriate measures have been
put into effect.

EXTERNAL ENVIRONMENT

The company’s HSE system meets the requirements of
the internal control regulations, which help to ensure
thatour laboratory activities and handling of chemicals
do not lead to contamination of the work environment
or the external environment. This means that all chemi-
cals are handled in accordance with the regulations
and that waste products are deposited in an approved
manner. In 2003 the company produced no emissions
that required an emission permit. We are currently not
required to take any specific actions by the Norwegian
Labour Inspectorate.

PROFIT AND LOSS ACCOUNTS AND

BALANCE SHEET

SINTEF Petroleum Research’s annual operating profit
for 2003 was MNOK 8.4 (MNOK 2.8 in 2002). Net finan-
cial income was MNOK 5.9 (MNOK 5.4); this produced
an annual profit of MNOK 14.3 (MNOK 8.1 in 2002).

Gross revenues rose from MNOK 108.4 in 2002 to
MNOK 113.5 in 2003, i.e. a rise in turnover of 5%. Net
revenues rose from MNOK 74.0 in 2002 to MNOK 87.3
in 2003, i.e. a rise of 18%.

Investments and acquisitions of scientific equipment
in 2003 amounted to MNOK 1.3 and MNOK 2.1 respec-
tively, i.e. a total of MNOK 3.3.

The company’s equity has risen to MNOK 86.6, which
is equivalent to 64% of its total capital, of which the
company’s share capital in turn is MNOK 9.0. This is a
satisfactory basis for continued operation of the com-
pany, which is the assumption on which the accounts
have been drawn up.

The cash flow analysis shows a net cash flow from
operations of MNOK 29.5. The company's cash hold-
ings rose from MNOK 75.5 million in 2002 to MNOK
102.9 in 2003.

The Board is not aware of any circumstances that
have arisen since the accounts were balanced, that
are of significance for evaluating the economic posi-
tion of the company.

PUBLICATIONS

In the course of participation in national and inter-
national conferences, our scientists presented 46
contributions, while 14 articles published in reviewed
journals included SINTEF Petroleum Research staff
among their authors. The latter is equivalentto 0.2 pub-
lications per man-year of scientific work (0.3 in 2002).

FUTURE DEVELOPMENTS

As part of the SINTEF Group’s development plan for
2003-2006, the Board of SINTEF Petroleum Research
resolved to set up offices in Stavanger, Bergen and
Houston on January 1, 2004. The aim of opening these
offices is to enable us to engage more closely with
our national and international clients. Most of the oil
companies that operate on the Norwegian continen-
tal shelf have their headquarters in Stavanger, and
there are important offshore field operation centres
in Stavanger and Bergen. Hydro and Statoil have their
R&D centres in Bergen and Trondheim, respectively.
When we also take into account the large operation
centre that Statoil has built up in Stjgrdal, from 2004
onwards SINTEF Petroleum Research will be engaging
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closely with the most important centres of offshore
operations in Norway.

Houston is the largest market for the petroleum sector
R&D in the world, and it is important to maintain a

presence there.

Establishing these new offices is animportant strategic

step in the efforts of the company to further develop
its market involvement in a situation of ever-increasing
competition in the world R&D market.

DISPOSITION OF PROFITS
The company’s annual profit of MNOK 14.308 will be
transferred in its entirety to our equity capital.

Trondheim, March 3, 2004
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Activities — Departmental Annual Report

BASIN MODELLING

The basin modelling department continued to assist
oil companies in quantifying exploration uncertainties
in 2003, by supplying both study area-specific model-
ling services and cutting-edge modelling tools. The
department is currently actively carrying out research
on secondary hydrocarbon migration, pressure model-
ling, palaeobathymetric reconstruction, source rock
facies modelling, source rock kinetics, primary migra-
tion, biodegradation and visualization. Case studies
based on our technologies were carried out on data
from more than ten different countries.

The Strategic Institute Programme on better hydro-
carbon phase prediction will come to an end early
2004. So far, the programme has resulted in the follow-
ing tools: OF-Mod — organic facies modelling, KING
— kinetics of various component groups, PRIMIG —
primary hydrocarbon migration and an improved multi
component migration module in SEMI. The effects of
these new technologies are currently tested in the
northern part of the North Sea.

The software OF-Mod will significantly improve our
ability to estimate the variation of source rock quality
in a basin. OF-Mod was successfully developed into a
working 3D version in 2003, and is already being used
in a study for the Norwegian 18th licensing round. This
means that all our modelling tools now are in 3D.

KING and PRIMIG improve our ability to model the
temperatures and timing of different hydrocarbon
component groups generated and expelled from a
source rock. In total our suite of software makes it
possible to get a better understanding of the petro-
leum system and improves the ability to predict the
volumes and composition of trapped hydrocarbons in
undrilled prospects.

Members of the department made 11 presentations at
national and international geosciences conferences
and contributed to three refereed papers in 2003. By
invitation we presented palaeobathymetry as a tool for
locating sandy facies on the Norwegian TV channel
NRK1 (the popular science programme Schradingers
cat). This was illustrated with an animation from the

Total Organic Carbon (wt.%) Age: 146,98

3D view of the modelled distribution of Total Organic Carbon in a Norwegian offshore basin.
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Norwegian Sea that was made in collaboration with
RWE-Dea Norge AS. We were also at the short-list of
animations at the World Oil Awards in Houston in 2003
with a palaeobathymetry movie from the North Sea.

SEISMIC

The considerable computing power available to the
Institute enables us to perform computing-intensive
seismic processing applications. The department is
doing a great deal of research on the processing and
analysis of 0BS (Ocean Bottom Seismic) data. Proto-
type software for vector-field imaging of multicompo-
nent (4C) seismic data in media with anisotropy and
attenuation has been developed. In the DEMO 2000-
project IMPREDO, which was supported by Statoil,
Hydro, Total and the Research Council of Norway , we
have tested the new imaging methods on new multi-
component data from geophone sensor nodes at the
Volve field in the North Sea. This project was carried
out in co-operation with Seabed Geophysical AS.

The departmenthasrecently been awarded a 15 MNOK
research programme for 2004-2007 from the Research
Council of Norway. The topic of the programme is the
development of a more highly automated workflow
and set of tools for depth imaging of OBS data in areas

Hyperbolic For offsets (3.5km-5.5km)

with complex geology. The programme involves such
activities as vector fidelity, multiple attenuation, velo-
city model building, vector migration and inversion.
This new generation work flow has the potential to
significantly increase the accuracy of seismic imag-
ing, both for exploration purposes and for reservoir
monitoring with permanent seafloor installations.

INFAMI is a three-year EU project which we are car-
rying out in collaboration with Hydro, BG, University
College Dublin and the University of Aarhus. It focuses
on the development of software that uses shale smear-
ing in faults to estimate fault sealing in basin-scale
hydrocarbon migration simulations. The project is
based onSEMI,anditincludes development,implemen-
tation and validation of the methodology using data
from several oil fields. This project is being performed
in collaboration with the Department of Basin Model-
ling. The project will be completed in the spring of 2004.

In time processing and velocity picking, basic work-
flow concepts have remained unchanged in the indu-
stry for several years. The existing standard methods
suffer from low accuracy in situations which have be-
come more important during the past few years. For
instance, in the cases of long offsets and anisotropy,
more advanced methods are needed. We have deve-
loped a new concept for travel time estimation to solve

Optaprox
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Far-offset stack for far-offset deep-water seismic data. The left-hand figure shows the results of a standard
hyperbolic velocity analysis. To the right are the results of the new method. Surface-related multiple energy is

attenuated and seismic resolution is improved.
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these problems. The methodology is both very fast and
highly accurate. A patent application has been filed,
and a two-year programme (OPTAPROX) supported by
the Research Council of Norway, Statoil and Hydro is
close to completion. The improvements achieved by
the method are clearly demonstrated in the figure.

MULTIPHASE FLOW TECHNOLOGY

As producing oil & gas fields enter the tail production
phase, flow assurance becomes an increasingly im-
portantissue.

At the moment a rising number of major fields on the
Norwegian Continental Shelf are entering this phase
of their life cycles. Flow assurance issues are this
department’s main focus. The department operates
unique laboratory facilities located at Tiller on the
outskirts of Trondheim. The main asset is the world's
largest industrial-scale multiphase flow laboratory,
with approximately 1700 meters of high-pressure pipes
ranging from 4-12 inches in diameter. In addition, the
department operates a wide range of specialized labo-
ratories for the study of flow assurance issues such
as plain multiphase flow, gas hydrates, sand transport,
scale and wax at pressures up to 1000 bar. The activi-
ties of the department are mainly concerned with two
major long-term projects; LEDA and the SINTEF-BP
Cold Flow project.

LEDA is a nine year research project with a 51 MNOK
budget for the first three years, 2002—-2004. The objec-
tive of LEDA is to develop a full 1D/3D flow assurance
simulation tool which in particular will handle local
flow assurance issues in a large pipeline network. The
project is operated in close cooperation with the flow
technology group at SINTEF Materials and Chemistry.
In 2003 the main design basis for the simulator tool
was established and the implementation of the simu-
lator was started. The experimental programme was
also successfully completed. A new element in 2003
was the start of development of a brand new 1D model
in addition to the Q3D/3D models developed in the first
year. So far the results delivered from the project have
been very promising, and when fully developed, the

LEDA simulator will surpass OLGA, today’s industry
standard technology in the area. The development
of OLGA was managed by the department in the 80s
and 90s. The LEDA project is a cooperation between
SINTEF, ConocoPhillips and Total. The next generation
multiphase flow simulator, LEDA, will significantly im-
prove the design of long range well stream transport,
particularly in deep waters.

The other major project being run by the department
is the SINTEF-BP Cold Flow project. This project is
operated in close cooperation with SINTEF Materials
and Chemistry. The objective is to develop a very
robust process for long-distance transportation of
unprocessed well stream containing water, by con-
verting the water to a very stable and transportable
gas hydrate as shown in the figure. In 2003, the pro-
cess was successfully proven in a 1 inch flow loop
facility, operated with field fluids. Towards the end of
2003, BP announced that the company intends to con-
tinue the project. The project is now entering a pilot
test phase. The Cold Flow technology is fully owned
by SINTEF and patent protection has been applied for
and awarded in all important markets in the world. The
potential royalty revenues from the application of the
technology are high. It is estimated that the SINTEF-
BP Cold Flow technology can reduce the required
investments in satellite fields by as much as 15-30%.

Other major projects in 2003 include the EU project
THREEPLEX and SIMlab. The first project involves
cooperation between SINTEF, the Institute for Energy
Technology, Imperial College and IFP. The objective of
the project was to study three-phase water gas and oil
flow in complex terrain. The project was successfully
completed in November 2003. In the SIMIab project,
SINTEF offers European scientists access to its unique
laboratory facilities in Trondheim. In 2003 the depart-
ment hosted a number of visiting groups from Germany
and the UK.

The department has initiated an internal multi-
disciplinary cooperation with SINTEF departments
that are involved in offshore pipeline-related research.
This venture is called SINTEF Pipelines. This initia-
tive has highlighted the substantial amount of activity
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Schematic illustration of the simple Cold Flow concept. High temperature well stream containing water arriving
from the well-head (located in the bottom left-hand corner) is mixed with a seafloor temperature stream containing
hydrate particles that has been recirculated from the downstream flow. The water (blue) is quickly adsorbed on
the surface of the hydrate particles (white), where it is rapidly converted to gas hydrate. Further downstream more
wells can be attached to the main stream without the need for new recirculation. iilustration: J.H. Johansen, SINTEF Media.

taking place in the SINTEF Group on pipeline-related
research. The group will work together to support
marketing and perform new projects in this domain.
The effects of this cooperative effort will be seen in
2005 at the earliest.

WELL AND PRODUCTION TECHNOLOGY

Applications of smart field technology are attracting
more and more attention from oil companies as
potential means of boosting recovery rates from sub-
sea wells. SINTEF is working on some very exciting
and innovative concepts for fluid monitoring and pro-
duction optimization.

The ResMan downhole in-flow monitoring system is
based on chemical principles. The system is part of
a patented SINTEF technology that offers long-term
monitoring of produced fluids from individual pay
zones or multilateral branches. ResMan is based on
the controlled long-term release of chemical tracers
to the wellstream from a matrix embedded in the pro-
duction liner. This is an inexpensive technology that
permits production logging of wells that may not be
easily accessible due to downhole pumps or for some
other economic reason, i.e. subsea wells. Downhole
electronics are not required, and a ResMan unit can
be installed as part of a normal well completion with-
out restricting production or intervention. ResMan
was awarded DEMO 2000 funding in 2003, and we will
approach the field pilot demonstration level in Norway
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and Venezuela in 2004, in addition to commercializa-
tion of the technology. The ResMan system is expec-
ted to add significant features to future well/reservoir
monitoring, particularly where monitoring is hard to
perform, i.e. HPHT wells, subsea wells and in complex
well completions.

Through the Strategic Institute Programme “Intelligent
Wells”, funded by the Research Council of Norway,
focus has been concentrated on future field develop-
ments with advanced instrumentation. Special atten-
tion has been paid to multilayered reservoirs with
injector/producer well pairs (Snorre B and similar
reservoirs). The subsurface part of such a production
system has been modelled and a tailor-made simulator
has been developed — the SAVE tool. The objective
has been to study actual production responses, parti-
cularly dynamic pressure-flow behaviour, while opera-
ting downhole chokes. The implications of moving
chokes from the surface downhole are clearly visua-
lized. SAVE can be used as a learning tool for the
operation of complex wells, as well as to provide short-
term production forecasts and a decision-making

basis for production optimization. Significant know-
ledge of the dynamic performance of well/reservoir
systems is incorporated, with the possibility of
analysing challenges such as well lift and start-up of
well clusters. The current SAVE version is mainly made
for research and demonstration purposes. However,
the methodology and the embedded fit-for-purpose
models meet the visions of future real time reservoir
management and the tool may form a basis for further
effort towards this.

Several studies of fully autonomous, wireless down-
hole instrumentation systems have been carried out
by SINTEF. As a consequence of these efforts, the
institute has received funding to carry out a study
together with the companies ResLink and SICOM on
autonomous downhole power generation. The scope
of work involves the evaluation of alternative concepts
and the building of a laboratory prototype in 2004.
Since poor reliability and high installation costs seem
unavoidable for cable-based systems, a wireless
system will be a significant contribution to future
reliability requirements.

Down hole
- communication unit
B ; powar/sansorfcontrol

Cable in upper completion

Topside
communication unit

Production packer

Connection upper
and lower completion

Open hole
packer

Inflow vahe

Future wireless completion with cable in the upper part.
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A growing share of our project portfolio is in services
that comprise third party verifications, technology
studies, concept and front-end engineering related to
onshore and offshore field developments.

In 2003, SINTEF delivered field development plans
(integrated conceptual subsurface, surface facilities,
economy and risk study) for three onshore oil fields in
southwest Iran (Paydar, West Paydar and Dehluran).
The plans for the remaining four fields of the Zagros
West Qil Fields Development Project are scheduled to
be completed by June 2004. The Oil Engineering and
Industries Development Company is the managing
contractor on behalf of the National Iranian Central Qil
Fields Company. SINTEFs partners and sub-contrac-
tors are the two Iranian companies RIPI and Pars Kani,
and the Norwegian companies Reinertsen Engineering
and IPRES.

In 2003, the institute performed a number of studies
related to scale prediction and management, and
interventions for scale clean-out on the Asgard field
in the Norwegian Sea. Through this work, a research
group has been formed with the objective to create
an international cross-disciplinary expert team in the
area of well chemistry and flow assurance.

Shallow or deep over-pressured formations may have
serious effects on a drilling programme. Experience
shows that more accurate pressure predictions are
required to avoid drilling hazards and to ensure cost-
effective well construction. The Pressim simulator
has been successfully applied in basin modelling in
several exploration projects. Pressim is a fast inter-
active tool with great potential for drilling applications,
both at the pre-drill evaluation stage and for updates
while drilling. DEMO 2000 awarded funding for the pilot
demonstration of Pressim as a decision-support tool
for drilling applications in 2000. So far, pilots have been
conducted for Hydro in the Barents Sea and offshore
Venezuela for Statoil. The Pressim service is now being
offered as a commercial service all over the world.

FORMATION PHYSICS

Because of the change in attitude of the industry
regarding sand production in the late 80s and early 90s,
the aims of research on sand production have moved
on from the determination of initial sand production
in the 80s to the prediction of total sand production
and sand-production rate in the 90s. A research pro-
ject entitled “Volumetric Sand Production 1" started
in 1998, and was supported by ConocoPhillips,
Hydro, Statoil and Shell. This project developed first-
generation sand prediction models that are capable of
estimating the expected mass and rate of sand pro-
duction throughout the lifetime of a well under given
production scenarios. “Volumetric Sand Production Il”
started in 2001 and is continuing throughout 2004, with
the participation of Hydro, ConocoPhillips, Statoil, Eni,
Shell and Petrobras. This project focuses on develop-
ing prediction models in terms of the understanding
and proper modelling of the coupling between forma-
tion failure and sand removal in a sandstone formation.
Studies already carried out have shown that the
presence of water in produced fluids significantly
increases the amount of sand produced, and we are
currently trying to quantify and model this effect. Sand
productionin highflow-rate gasreservoirsis also being
studied, as such conditions can lead to a different type
of behaviour and may require a separate gas-reservoir
optioninthe prediction models. An analytical PC-based
sand prediction tool called SINTEF SandPredictor
has been developed and tested in the course of this
project.

Research and studies related to wellbore stability
problems in shales have been among the major activi-
ties of the department for many years, and a major re-
search project, “Improved Drilling Efficiency by Better
Handling of Shale Problems” (IDE) continued into 2003,
with the participation of ConocoPhillips, Hydro, Eni,
Statoil, PDVSA and BP. This project focuses on gener-
ating new knowledge to improve mud design and the
ability to actually handle borehole failures. It includes
the continued development of correlations and models
needed for borehole stahility evaluation over a period
of time after drilling, as well as further development of
the PC-based wellbore stability simulation programme
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PSI (“Preventing Shale Instabilities”). It also involves
further activities in a field in which the department
possesses leading-edge competence: the develop-
ment and utilization of experimental equipment that
permits the mechanical characterization of small
samples. A new instrument for triaxial testing of small
samples has been developed in 2003.

Drilling in fractured formations is often accompanied
by severe mud losses. For this reason, the develop-
ment of a methodology for the quantitative analysis
and prediction of mud loss amounts and dynamics
would be of great practical benefit. As part of an inter-
nally financed research project on borehole stability in
fractured formations, an analytical model of mud loss
into a single horizontal circular fracture from a verti-
cal borehole was developed in 2003. The model was
implemented in SINTEF Mud Loss Demo software,
which allows mud loss dynamics (delta flow rate as
a function of time) and pressure distributions in the
fracture to be calculated for various combinations
of operational factors and formation properties. The
program can be used as a support tool, not only for
the estimation of potential mud loss hazards, but also
to interpret measured mud loss data for the purpose
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calculates sand production, onset and quantity, based
on intended draw-down and assumed depletion field
history.

o Smaw SEF

of formation characterisation. As further steps, non-
Newtonian mud rheology, multiphase flow and frac-
ture networks will be incorporated into the model.

A four-year project linking petrophysics and rock
mechanics continued in 2003, with ConocoPhillips,
Hydro, Shell, Statoil, Petrobras and the Research
Council of Norway as participants. The “Petrophysics
under Stress” project performs experimental and
numerical studies of stress effects on petrophysical
properties. The main deliverable will be a numerical
petrophysical “laboratory” based on pore-scale
descriptions of rock (from petrographic analysis),
that permits mechanical and petrophysical rock
properties to be calculated as functions of external
stress and pore pressure.

For several years, the department has been doing a
considerable amount of research on the significance
of core damage caused by stress release during cor-
ing. Last year we have been focusing on modelling the
effects of core damage, in particularthe consequences
for prediction of reservoir compaction, using both
elastoplastic and discrete particle approaches.

A major project that aims to distinguish between
stress-induced and saturation-induced velocity
changesduring seismic monitoring continued into 2003.
Core measurements are often the principal source of
information for the calibration of seismic data in terms
of stress/pore pressure and saturation effects. How-
ever, the reliability of this method is highly dependent
on the quality of the cores. During the coring process,
the material goes through stress changes that can
induce significant mechanical damage in
the cored material. This project focuses on
quantifying the effect of such damage on the
stress dependence of acoustic velocities as
measured in cores, and on how such damage
can be corrected for.

The considerable computing power avail-
able to the Institute enables us to perform computing-
intensive seismic processing applications. The use of
3D AVO inversion to estimate rock parameters on the
basis of seismic data continued in 2003. The objective
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of the ongoing project entitled “Well Planning from
Seismic Data: Establishing the Geomechanical Link”,
sponsored by ConocoPhillips, is to develop tools for
determining recommended drilling fluid density on the
basis of seismic data.

A project sponsored by Statoil with the objective of
developing a descriptive model describing in-situ
stresses on a regional scale in Venezuela in general,
and in the Ceuta Tomoporo area in the eastern part of
Lake Maracaibo in particular, started in 2003. On the
basis of the descriptive regional model, local stress
simulations were carried out in the Ceuta Tomoporo
area. Stress variations in map view versus depth were
addressed, with special focus on the high horizontal
stresses observed in the study area. Available geo-
mechanical and production datawere usedto calibrate
the models. In order to gain a better understanding of
the 3D pressure distribution, overpressure modelling
in the Plataforma Deltana area (offshore Venezuela)
was carried out using available input data (interpreted
seismic).

RESERVOIR TECHNOLOGY

As in previous years, 2003 was characterised by a
high level of activity and a good inflow of projects.
CO,-related activities have taken up a large propor-
tion of the capacity of the department, but other ar-
eas of our activities have also developed satisfac-
torily. Particularly encouraging was the launch of
a new project related to mobility control of gas by
means of foam, following several years of stagnation
in work within this area. The results obtained during
the FAWAG project on the Snorre field, 1998-2000, has
confirmed the potential of using foam for enhanced oll
recovery from Norwegian oil reservoirs.

The department was involved in several projects deal-
ing with storage of CO, in oil reservoirs and aquifers.
Underground storage of CO, is a viable option to meet
the challenge of a possible climate change due to the
extensive use of fossil fuels. In the early phase of a
CO, deposition era, the costs of CO, deposition can
be reduced by CO, injection into oil reservoirs since
large amounts of additional oil can be recovered by
this technique.

The SACS project came to an end in 2002. This project
was followed by the new EU-supported project CO,
STORE. In this project, CO, deposition at other sites
will be evaluated. The Beitstadfjord case was studied
in 2003 as one of three case studies that will be per-
formed by the department. In the international Carbon
Capturing Project we completed a preliminary study
of the possibility of CO, leakage from storage sites
through wells as a result of the degradation of well
and sealing materials.

In our five-year KMB-project, a competence project
with user involvement sponsored by the Research
Council of Norway, Statoil, Hydro, Total and Conoco-
Phillips, on CO, EOR and aquifer storage, two PhD
studies were started in 2003. These focus on reservoir
simulator development and the coupling of geophysics
and reservoir technology. EOR from chalk fields, CO,
dissolution and escape from aquifers, laboratory
studies of cement testing and the development of
new CO, compatible cements are other topics that
were addressed. In another project sponsored by the
Research Council of Norway, we completed work on a
techno-economic model that calculates key technical
and economic figures related to the large-scale use of
CO, for EOR and aquifer storage in the North Sea. The
model is based on an EOR module that estimates the
potential for incremental oil production in selected oil
reservoirs. The model is based on reservoir-specific
input data, a transportation module that calculates
CO, transport costs and other techno-economic data
related to CO, injection projects.

A major effort was made by the department to formu-
late projects for the EUs 6th Framework Programme.
As a result of this the department will participate in the
integrated CO, capture and storage project CASTOR
and the network of excellence, CO, GeoNet, together
with a large number of European research institutes
and industries.

In the project “Mobility Control by Foam” the main ob-
jective is to integrate our foam relative permeability
model into a commercial reservoir simulator, to extend
the model to include conditions with various oil satu-
rations and to work out design rules for making foam
with given desired properties. Well-defined laboratory
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experiments are needed for this work. The project is
sponsored by the Research Council of Norway, Statoll,
Hydro and Total, and is being carried out in co-opera-
tion with Rogaland Research.

Efforts to develop a mathematical, statistical, and
numerical model for a simplified physically based and
very fast two-phase reservoir simulator continued in
2003. This simulator, CREDO, will be suitable for auto-
matic stochastic information processing and control
of intelligent wells.

The integrated reservoir study involving several West
Zagros oil fields continued in 2003. The department
has been involved in the building and history-match-
ing of reservoir models based on seismic, geological,

well, fluid and core data, and has performed reservoir
simulations for a number of production scenarios.

The department operates laboratories for fluid and
core flow studies that enable us to perform a wide
range of special studies. In co-operation with the
petroleum industry (mainly Statoil), several projects
within near-well problems have been carried out. Fluid
studies and measurements of interfacial tensions
under HPHT conditions, measurements of relative
permeability by the steady-state technique at elevated
conditions, asphaltene studies and scaled studies in
a visual 2D model are other examples of work that we
have done. The department has also participated in
Statkraft's “Salinity Power” development programme,
together with other SINTEF institutes.

FEESENT MODEL FOSEIBLE
FARAMETER FUTURES
FEOBABILITY DENSITY

EXPECTAMCY OF THE __
ICORRESPONDING

IFUTURE BELBEF OF THE

RECOVERY PROCESS

Control of a recovery process is based on the current belief of the recovery process, requiring a probabilistic
setting for numerical analysis of investments and control. The above is a 1-dimensional illustration of how CREDO
would analyze the future economical benefit of a given investment and control scheme by simulating 3 realiza-
tions of possible futures. Each future will generate observations (blue line) continuously updating one’s future
probabilistic belief, where decreasing uncertainty is illustrated by a narrowing volcano. Future belief again,
determines the actual control exercised in the future. Thus, control at early times for the left and right realization
would be based on a poor conception of the reservoir, as opposed to the middle realization. Summing over all
future realizations then determines the probabilistic benefit of a given investment and control scheme.
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Income statement for the period 1 January — 31 December (Figures in NOK thousand)

OPERATING INCOME 2003 2002
S S 800 a8 00000 0o g 450 8tb 8 odbo oo BaBous 5 %0 do 364 04 8 a0 5 0.d 89T 26, =y e 85 855
Project funding from Research Council of Norway ......................... 19:29 2 C TN N 18 506
Basic funding from Research Council of Norway .......................... 1 H00EE o s S 4000
Other income . L ia. . e R e A R R T Y 11
Gross project inCome .................cooiiuiiiiniiiiiiiii i, 11315178 T s ey 108 372
SDirectiproject expenseskis | .. .. . o e e 267220 i e 34412
Net operatingincome .......... ... it 87289 €44 . NUN AP 73 960

OPERATING EXPENSES

Wages and social eXpenses ...........iuiiriiii i 521906 S 43 852
Ordinary depreciation ...........ooiiiii i PIYZ) o o 66 000 g006 0 oBo 36 3002
Other operating EXPENSES ... .vuiutnt ettt 2310428 SNBSS 24 354
Total operating eXpenses ............... ..ottt 78870 .................. M 208
OPERATING RESULT ... ... 84187 L N g 21752

FINANCIAL INCOME AND EXPENSES

IntEresS i oo, o At S = . L s TR N . T . i . BEIS 60 p pooebEs aogMbon 5511
—Financial eXpenses ........ ..ot e CH1 @ ofias ap80 sboaoaoas 123
Netfinancialincome ............ ... ... .. . i 5889 .................. 5387
ANNUAL RES UL TR el L ey 2 14308 .................. 8139
Dispositions

Transferred tothe equity .........oooiiii e 14308 .................. 8139
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Commisions

Research 74 %

Service
commissions 26 %

Distribution of gross operating

income by client

Contracts 79%
* Norwegian industry 46%
e international activity 33%

Research Council of Norway 21%
 SIP income to other SINTEF institutes 4%
* SIP 4%
e basic grants 4%

e projects 9%

Distribution of gross operating income by

project duration

R&D programmes
> 2 years 49%

Short terms
R&D programmes commissions 26%
< 2years 25%

Distribution of employees by position

Researchers 78%
(of whom Dr.ing. 47%)

Administrative
staff 9%

Engineers 9%
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Balance sheet on31pecember (Figures in NOK thousand)

ASSETS 2003 2002
FIXED ASSETS

Scientificiequipmenty . . 8 i St 21647 imemh TR o S 4 267
Office equipment, vehicles, inventories ..............cocoiiiiiiiienin.... HE3 e AT N R 139
1 G G T g et s P T I =ty i e il s = e . £ L7 B SR s 4 405
(ther shares B IRSER s o Ll s, L e N T TOE™ P v oy S
Deposits, companies within the SINTEFGroup ............................. SI000E R T 1 =N 3030
OISR RS 3 o o' Aot Al B BB A 4 6 6 B hoaB o oo abad ot sas o X ee Bk o8 =5 A e 1025
Financial long-termassets ..................... ... ... . il 31076 4= = A SRR S o 4 055
Total fixed @SSetS .. ..ot 6,287 % m =0 ST 8 460
CURRENT ASSETS

Work in progress . ...t 3157205 A AT 6432
Accountsreceivable ...... ... 20100753 SPETSES S. 29 957
Acc. receivable, companies within the SINTEF Group ...................... J(RE} 556000000008 0ada0s 943
Other accountsreceivable ...t O .1 620
Receivables ..............o i 211958 Gl 31519
OthenShalieshy - e NS = T o SISy S P o (R s = S — oo e e LRl 76
RIS s e TP & Eorpeits S L o R < o SR, o el o 5Bl o 6 B ol ot 6 & 50181113 F PP AES, 52017
INVEStMENTS . ... o 60818 .................. 52 093
Cash,bankaccounts ............. ... ... i 8205 .................. 23589
Total current @assets ........ ... ..ottt 128400 .................. 113633
O AL A S SE S P et = R s B et 134687 .................. 122 093

EQUITY AND LIABILITIES

EQUITY

Share capital (900 shares at NOK 10,000) ..............ccciininiininain.... I 58 o oo 00 0 aoabbg 9000
OtRer QUIRY oo -fe S ot o oo e e L i Rt 71 BE 586 0 0 88000 0 0 0 087 63 250
Total equity ™. & el e TN L e e O TR e L 86|55 TSNS R e 12 250
LIABILITIES

Rensionlliabilitles Sy eestsens T i s i i s e ALURINS o 0 3 slo oaon fodBh 258
Long-term liabilities ............... ... ... ... 24637 Al 258
Belive nyiliah it S . e AT 4898 ... . w B 4338
Liabilities, VAT, tax deductions, social security, etc. ........................ 4845 el e 4802
RaymentinfadvanGeieste . amr AN R LR e L2 AR it 0 o ialb o6 o o' 25705
Liabilities, companies within the SINTEF Group .................oooiinit 21638 5 A e e 4628
Other'shontctermiliabilities . R e el s e v e o o o B et o o oottt 10113
Currentliabilities .............. ... .. i 45667 5. . WL 49 586
TOTAISLIABICITIESE =Y o0 T, 00 o s o e . A8 1307 n T A 49 844
TOTAL EQUITY AND LIABILITIES ............ ..., 134687 .................. 122 093
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Employees as of 1 January 2004

A Lysne, David (President)

Administration Support
Berg-Hanssen, Harald
Flo, Rune

Fossum, Berit
Pésche, Elin

Sagmo, Mette A.
Sneen, Marit

Aaen, Anita

%k % % 600

Basin Modelling
Borge, Hans
Graver, Arnt
Guldseth, Bodil
Hamborg, Martin
Kjennerud, Tomas
Kleppe, Vegard
Lind, Kristin

Mann, Ute

Myhr, May Britt (RD)
Ritter, Ulrich
Temmeras, Are
Vinge, Torun
Weiss, Hermann M.
Wien, Stein Tore
Zweigel, Janine

(2 N 2R ol I 2 g S g 2

Seismic

Alerini, Mathias
Causse, Emmanuel
Lescoffit, Severine P.
Maag, Frank
Nguyen, Kiet Ahn
Riede, Matthias
Sylta, @yvind

@stmo, Svend (RD)

> > >

Multiphase Flow Technology
Dahl, Arne Morten
Gustavsen, Karl G.
Habetinova, Eva
Jacobsen, Kjell Arne (RD)
Kjelaas, Jarn

Kristiansen, Olav

Ladam, Yves

Larsen, Roar

Larsen, Rolf Erik

Lervag, Johan H.

Onsrud, Gisle

Sneeggen, Cecilie
Straume, Erlend
Unander,Tor Erling
Wanvik, Hilde

Wolden, Marita

@yangen, Terje

L N S 2 K N 2R 2R N 2N 2 2N 2 2 2 2N 2

Well and Production Technology
Abdollahi, Jafar
Balov, Mohsen K.
Carlsen, Inge Manfred
Gustavsen, @yvind
Harrang, Ingrid

Krogh, Espen

Lund, Bjgrnar
Mjaaland, Svein
Nakken, Erik . (RD)
Nyhavn, Fridtjof

Stolz, Anne Kristine
Vebenstad, Anita
Ytrehus, Jan David

(i N g gl g L g N N o

Formation Physics

Boe, Reidar

Cerasi, Pierre

Fjeer, Erling

Gotusso, Angelamaria P.

Holt, Rune Martin

Larsen, Idar

Lavrov, Alexandre Vadimovich

> > > >

>EDP P OP>DP>P>D>OD)

Drilling and Well Construction

A

Li, Liming

Lothe, Ane Elisabet
Lund, Hans

Nes, Olav-Magnar
Papamichos, Euripides
Schei, Grethe
Scheldt, Therese
Skjetne, Tore
Stavrum, Johannes
Stenebraten, Jgrn
Sanstebg, Eyvind F.
Tiller, Ingunn
Tronvoll, Johan (RD)

Rommetveit, Rolv (RD)

Reservoir Technology

20 N N gl g g gl gl B gl

Akervoll, Idar
Bergmo, Per Erik
Bjarkvik, Bard
Bjorseth, Eva Kristin
Frigard, Oddmund
Ghaderi, Amir

Holt, Torleif (RD)
Lindeberg, Erik G. B.
Mo, Sjur

Moen, Arild

Mark, Atle

Olivier, Marie-Laure
Polak, Szczepan
Utne, Svein Arild
Wessel-Berg, Dag
Zweigel, Peter

Legend

A
o
*
¥
RD

Scientist
Engineer
Technical staff
Administrative personnel
Research Director
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Organisation as of 1 February 2004

President

: Multiphase  Solutions Well and : Drilling _
Basin Seismic Flow 0il Production  Formation and Well Reservoir
Modelling Technology and Gas Technology Physics Cotr_lstruc- Technology

ions

Management

DavidLysne ..............coovenn.. President

GO so0 058 0008 2 080k a o0 oo oo e Research Director, Reservoir Technology Department

Kjell Arne Jacobsen ................ Research Director, Multiphase Flow Technology Department

May Britt Myhr ..................... Research Director, Basin Modelling Department

Erik . Nakken ...................... Director Field Development, Solutions Oil and Gas

Fridtjof Nyhavn ..................... Research Director, Well and Production Department

Rolv Rommetveit ................... Research Director, Drilling and Well Construction Department

JohanTronvoll ..................... Research Director, Formation Physics Department

Svend@stmo ..................... Research Director, Seismic Department

Board of Directors, 2004

Morten Loktu (chairman)......................o...e. President and CEOQ, SINTEF

Karl Andreas Berteussen (until April 2004) ............ Professor, The Petroleum Institute, Abu Dhabi

Inge M.Carlsen ..., Senior Scientist, SINTEF Petroleum Research

Eva Habetinova..............oooiiiiiiiiiiint, Scientist, SINTEF Petroleum Research

Erik-Sverre Jenssen ..., Director, Norsk Hydro ASA

JoniKleppesy. . ST R S 5 St L ROy Professor, IPT, NTNU

Ingve R. Theodorsen ................cociviininn... Director, STATOIL ASA

Ole Lindefjeld. ... Research Director, ConocoPhillips Norge

Fridtjof Nyhavn (until April 2004) ..................... Scientist, SINTEF Petroleum Research

Torleif Holt (from May 2004). ......................... Research Director, SINTEF Petroleum Research

SV EIN SV TS e I e e Senior Executive Vice President, SINTEF
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This is SINTEF

The SINTEF Group is the largest independent research organisation in Scandinavia. We
generate new knowledge and solutions for our customers, based on research and devel-
opment in technology, the natural sciences, medicine and the social sciences. The SINTEF
Group comprises six business areas.

In 2003 the number of employees was 1758, who were responsible for a turnover of NOK
1.7 billion in 2003. Contracts for industry and the private sector account for more than 90%
of our income, while just 3% is in the form of basic grants from the Research Council of
Norway. SINTEF cooperates closely with the Norwegian University of Science and Techno-
logy (NTNU) and the University of Oslo. NTNU personnel work on SINTEF projects, while
many SINTEF staff teach at NTNU.

Our vision is: “Technology for a better society”

The two limited companies SINTEF Petroleum Research and SINTEF Energy Research
constitute the business area SINTEF Petroleum and Energy.

SINTEF's Council
SINTEF's Board

President
Senior Executive Vice President

|
( |

SINTEF SINTEF SINTEF SINTEF
Health SIINC-!I-.EF :,IIZIJIEE Materials and Petroleum and Technology
Research Chemistry Energy and Society

www.sintef.no
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SINTEF Petroleumsforskning AS

SINTEF Petroleum Research

Address: NO-7465 Trondheim, Norway
Phone: +477359 1100
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