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Offshore Northern Europe, The Challenges

by

Mr. Stig Bergseth,

Senior Vice President of Exploration and Development Norway

STATOIL

Introduction

It is appropriate to address the challenges of offshore Northern Europe in the context of

generating values through efficient management of resources, markets, safety and

technology, as the challenges lie therein. Our industry is built to turn natural resources into

market value, assuring broad benefits to our stakeholders and shareholders . In the

following, the challenges facing the industry offshore Northern Europe is examined on this

background.

The Resource Base

Production from the European offshore reached nearly 6 million barrels per day of oil and

174 GSm3 of gas (including onshore Netherlands) in 1995 (BP, 1996). Remaining reserves

in fields developed or approved for development are low relative to production, the R/P

ratio is approximately 7 years for oil and 21 years for gas respectively.

Adding reserves in fields considered for development, and potential resources from future

exploration, could however increase these R/P figures significantly or maintain them at the

same level for a significantly long period into the future. The annual reserve increase

added through exploration and improved recovery from existing fields, tend to parallel or
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exceed the annual offtake.

A closer look at the area offshore Norway which is the least mature in the region, shows

how the yearly offtake has equalled the addition of new volumes made available through

exploration for new fields and improved recovery from old fields over the last decade. R/P

figures for nonvegian fields developed or approved by end '95 are 10 years for oil and 40

years for gas (Statoil figures). Including reserves in fields considered for development

increases the figures to 14 and 80 years respectively. Production has so far been dominated

by oil, while gas has been conserved. In the next decade the annual gas production will

double from 30 to above 60 GSm3 pr. year under sales contracts already entered into.

The indigenous European oil and gas production is now clearly visible on the world scene,

and essential to the region. To maintain it in the longer run will require efficient resource

management. Priority in the short run has been and will be on oil. Gas will attract more

focus as the market infrastructure matures, and the contracted volumes increase together

with gas production. The start-up of the Troll field, and the recent decisions to expand gas

transportation and handling facilities through the Asgard development are important

milestones in this respect. Gas production will in the future continuously increase its share

of the total production.

Statoil has recently reviewed the potential for improved oil recovery on the Norwegian

Shelf in the future. The total volumes could reach an impressive 5 billion barrels of

additional recoverable oil. In the UK, The Department of Trade and Industry has set a

similar target of 8,6 billion barrels, of which 2,5 billion is planned or on production. High

recoveries is always one of the objectives when implementing the initial development plan.

A continuous effort has however to take place throughout the lifetime of the fields in order

to realise the potential.

We expect on the Norwegian Continental Shelf to find and develop half of the remaining

undiscovered resources in the proven production areas. The challenges will be multi

faceted, but more important; correct timing of licensing, exploration drilling and

development and ability to differentiate as accurately as possible between oil and gas
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prospects. Efficient utilization of the vast amounts of data available will be essential.

Efficient storage and retrieval processes like the Petrobank should be developed further

and the data themselves integrated into a "virtual subsurface" allowing for interactive

evaluation and analysis of the prospects. In this the challenge will be to include much more

of the information gathered than just the shape of geometrical expressions of the layers in

the subsurface.

The other half of the undiscovered Norwegian resources will be sought on the exciting

frontiers of the North Atlantic and Southern Barents Sea. In the North Atlantic, work of

early explorationists is being carried further into extensive regional mapping and geologic

analysis. There are great uncertainties in our current resource assessment, giving room for

exciting upside potential both in established and new exploration models, ranging from

Paleocene models in the North Sea, through also Cretaceous and Late Jurassic models in

the deep waters off Mid Norway, to potential Permian reservoirs in the Barents Sea.

The challenges faced in Norway are present in all the frontiers offshore Northern Europe.

We find them in the North Atlantic West of Shetland, in the waters of Ireland, the Faroe

Islands and in Greenland. We find them also in the Russian part of the Barents Sea and

the Pechora Sea where modern resource management and development are being pursued.

To develop the resource base will require continued integration of skills within

exploration, development, production, transportation, storage, marketing and management.

The technology, human resources and capital invested in our industry will be further

strengthened in the process. This representing a resource of its own, available

internationally to help achieve similar results elsewhere.

The Markets

Development of gas markets play an essential role, not only in their own right, but also,

for the economic, environmental and physical efficiency which can be obtained while

recovering oil and gas resources for commercial use.
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Up until 2010 Statoil estimates that there will continue to be a weak growth in demand for

gas in Europe that is yet not contracted, assuming the prolongation of existing contracts .

This increase is unevenly dispersed among the various regions in Europe.

The north-western market (Germany, Netherlands, Belgium, Austria and Switzerland) is in

our opinion well balanced . The UK, in spite of a liberalised domestic market, is not open

for new imports at this moment. The potential lies in Eastern Europe (Poland, Czech

Republic, Slovakia, Hungary, Romania and Bulgaria), where energy consumption will be

driven by economic growth and a need to diversify the sources of imports, and in Southern

Europe, where the projected demand growth still outpaces contracted volumes. In addition

Scandinavia, which currently has a very low natural gas consumption, represents a real

potential.

In the medium and long term, Norway is in a position to serve these markets

competitively. The challenge for producers, and for our stakeholders, is to do so with due

regard for the interaction between gas sales and oil recovery, and for the efficient

utilisation of the associated capital investments.

North Sea crude oil production will increase from a prognosed 6.3 mbd in 1996 to around 7

mbd in year 2000. From 2000 to 2005 the crude oil production will most likely remain at

this high level or decline to a level around 6,5 mbd. This region will therefore continue to be

a major supplier of feedstock to European and North American refiners the next 10 years.

The number of producing fields is increasing and the result will be a much broader variety of

oil qualities offered to the customers. Recent analysis of the crude oil qualities indicate that

production of Light Sweet (API above 34, Sulphur < 0,5 Wt%) volumes will more or less

remain at today's level of 5 mbd. In addition, production of condensates will increase from

0.2 mbd in 1996 to 0.4 mbd in 2000. The basket of more naphthenic material with API's

ranging around 26 to 32 will increase from 0.9 mbd in 1996 to 1.1 mbd in 2000. Also, the

liquid fractions in Sleipner and Asgard will make Norway a significant condensate producer

within a few years.
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Added value can be obtained by finding the right customer (f.ex. refinery) for the various

qualities and by managing the production and commingling of crudes in such a way as to

preserve or improve its value.

Industrial Challenges

The turning of oil and gas resources into market value requires investment of capital and

human resources into all aspects of the activity, and within a framework of quality and

safety for the involved and the environment. New challenges are inherent upstream in

exploration, reservoir description, oil and gas recovery, and facilities development and

operation, as well as downstream in transportation, refining and marketing.

4.1 Health, Safety and Environmental Conservation

Fatal accidents are not acceptable. Yet they occur. We have repeatedly over the years

been reminded of the enormous forces we handle in a hostile environment. A number of

early accidents led to the introduction and reinforcement of a new standard of safety on the

Norwegian Continental Shelf. Expensive moves indeed, both due to higher investments

and reduced capacity of new facilities. In retrospect however, we have seen technology

applied to regain efficiency under the high safety standards set in these initial years. The

standards introduced left Norwegian production largely unaffected by consequences on

industry procedures of the tragic Piper Alfa accident. The efforts taken in careful design of

equipment, procedures, human co-operation and human development to enhance safety,

have given remarkable gains in industrial efficiency in general. We shall build on these

traditions. We are encouraged to see our suppliers adopt them.

There are particular safety challenges now related to developing and adapting technology

to function in deeper water - new environments - frontier areas. In addition we are leaving

the area of the prescriptive way of applying "safety systems". In the future in-depth

knowledge of failure mechanisms, the physics and effects of environmental and accidental

loads will be essential. This will require that the traditional safety approach is replaced by

an assessment of the risk against established safety goals and risk acceptance criteria. Risk

analysis will provide the structure for systematic evaluation of risk and risk contributing
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factors. Further development within this area must make available the tools we need in

order to retain safety of the installations.

As oil companies we also remain with the challenge of managing safety risks arising from

integrating the work of all parties involved. Changing work processes; larger suppliers'

involvement and integrated teams provides a new setting for managing the risk. We are

encouraged to see how our suppliers adapt and participate in these processes. Particular

attention should be paid to the areas of low probability combinations of events across

disciplines of work where the source of many of the major accidents of the past can be

found. Integrated understanding, combined with meticulous attention will be demanded.

Whenever we use fossil fuel energy we affect the environment. It is clear that the oil and

gas produced will be converted to energy by our customers if not by us. Efficiency in

energy use is therefore a measure of success in our environmental management. Important

achievements have been made in Norwegian offshore operations in recent years.

Emissions of carbon dioxide pr. Sm3 of oil produced had fallen to 78% of the 1985 level

by 1995 (NPD data). Yet we are expecting an increase in the years to come as we will

have to invest more energy to recover oil and gas from the fields as they deplete. We will

need to balance the environmental effects of this against the irreversible loss of

hydrocarbon resource by refraining from recovering marginal reserves.

Carbon dioxide contained in the natural gas of the Sleipner field is being extracted

offshore and injected into an aquifer in the subsoil, reducing emissions by about 0,7

million metric tonnes pr. year. This almost outweighs the total annual CO2 -emission by

flaring, and equals approximately 10% of the total CO2 emission from the Norwegian Shelf

in 1994 (OLF figures). Actions to reduce NOx emissions are being taken and new fields

will be equipped with turbines reducing these emissions by about 80%.
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4.2 Exploration Challenges

The challenge in exploring the offshore areas of Northern Europe is to identify the

hydrocarbon resources present there in the right sequence, at a tempo and cost which

allows the most efficient resource management.

Information about the subsurface is more or less entirely based on seismic interpretations

and geological models to be verified through drilling. In Statoil, a doubling of seismic

data volumes made available for interpretation occur every 8 months, giving detailed

information on the propagation and reflection of elastic waves in the subsoil, including

information on shear waves. Improved technology in acquisition and processing of these

vast amounts of data improves our ability to reflect the physical and structural features of

the rock. Where the rock properties permit, the physical properties of the pore fluid can be

imaged. The subsurface predictability is being improved , and the accuracy in directing

exploration drilling enhanced. This advanced technology is particularly applicable in

mature areas.

The mature areas with dense infrastructure and varying degree of available

processing/transportation capacities, call for detailed studies of dense seismic over subtle

traps of moderate to small scale. The focus of this exploration is resource management in

terms of sustaining production and optimising the use of established infrastructure.

Important key words are timing, subtle interpretation and surgeon, multiple target drilling.

Also in mature areas new exploration models can contribute with significant volumes to

maintain the resource base. A recent example is the Palaeocene exploration model in the

Central North sea, contributing more than 150 mill. Sm3 in stratigraphic traps only in the

Norwegian Sector over the last few years. Key words for these exploration targets are

innovative multidiscipline thinking, regional understanding and seismic imaging.

Exploring mature areas like the North Sea requires technology and skills different from

those used in virgin areas like the Atlantic Margin.

Extending experience and knowledge from mature to frontier areas must be done with skill

and great caution. Ne;w concepts need to be developed to cope with the extreme

challenges in these new frontiers. Licenses awarded in the Norwegian 15th round provide

7
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exciting incentives to meet the challenges. Initial exploration, scheduled for next year,

will focus on revealing the potential of the area as a new oil province. Due to scarcity of

well information in these waters, exploration has to be based on model thinking and

seismic interpretation. Extensive onshore field work and geological studies have

concluded with multiple exploration models with reservoir possibilities ranging from Late

Jurassic to Tertiary, but with the main focus regionally on Cretaceous rocks. These

exploration targets close to the continental slope, intermixed with volcanics in a high

temperature environment, represent challenges in terms of source rock potential,

maturation and migration, as well as reservoir rock quality, thickness and continuity. The

traps may be large, but are they able to seal and preserve the predicted hydrocarbon

volumes? Only drilling can give the answers. These vast virgin areas of Northern Europe

with huge hydrocarbon potential call for extensive international co-operation and

information exchange between the participating experts and companies. This is a key to

success for the exploration of the Atlantic Margin and the Barents Sea from Ireland to

Novaja Semlja.

Cost efficiency in exploration is an absolute requirement. A large number of hydrocarbon

accumulations may well be attractive to develop, but will not be explored for unless the

cost of exploration is low relative to the value of the development, taking into account the

probability of realising it. Advanced drilling and well technology will reduce the well

related costs significantly, making new resources offshore Northern Europe and elsewhere

in the world more accessible. It is an important challenge, particularly to drilling and

seismic contractors, to ensure that the cost of exploration information comes further down.

4.3 Exploitation

Reservoir description provides the basis for the critical decisions when designing the

development and production plan for the fields. Stochastic modelling of the reservoir

heterogenieties in space provides a basis for assessing the uncertainty in forecasting the

reservoir behaviour during production. Uncertainties give rise to opportunities and to risks.

We will need to maintain flexibility in our plans in order to catch the opportunities and

handle the risks. As an example, early assessment of uncertainties in the Asgard reservoir
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description has contributed to the choice of a highly flexible production scheme, rich in

low cost options at our disposal in later field management.

Whenever gas and water saturations affect elastic waves in a detectable manner, we obtain

a possibility to produce a three dimensional seismic image in time showing where oil and

gas has been displaced and where it remains. 4D seismic thus represents important

progress in detecting unswept areas in the reservoir, with possibilities of obtaining

additional oil production. The improved ability to detect additional reserves, combined

with extremely accurately located advanced wells give a solid basis for improving

recovery efficiency.

Multi-skill co-operation and synergism is of vital importance in optimising the value of

licenses. So far, the explorationists have been willing to accept greater risks in their pursuit

of rewards. This approach increasingly has to be adopted also by the downstream

environment in production and IOR. A unified approach to analysis of decisions involving

uncertainties in these areas will become mandatory and rewarding.

Hydrocarbons are recovered by irreversible processes. A high and profitable recovery

efficiency requires a well balanced plan to be drawn up initially and to be followed up

aggressively, making full use of technology as it becomes available. These principles have

been widely used in the exploitation of the rich Northern North Sea on fields in Jurassic

sandstone reservoirs. A simple initial strategy was adopted of displacing oil through

downdip water injection, and updip field gas injection. Reservoir description and

monitoring has improved throughout the fields life. Extended reach and horizontal drilling

has been developed and tailored to serve production and exploration needs, often in

combination. Oil displacement has been carefully managed to improve production at all

times. The combined effects of early planning and a flexible approach has resulted in high

production rates during the depletion of the fields and higher oil recovery factors than

initially expected.
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Some of the technologies which will make an impact in the form of added oil volumes are

mentioned below:

• Improved reservoir description, including 4D seismic, has identified unswept oil in

the fields and is also used to enhance reservoir modelling to direct

the drilling of designer multitarget wells.

• Designer wells find their application in most fields and have been the key

instruments for increasing recovery. Extending production or injection wells into

exploration targets represent very efficient and cheap exploitation of otherwise

uneconomic reserves.

• We will in the near future benefit from many years of research on recovery options

for thin oil zones. This is an essential step forward when we recognise the large oil

volumes which are found in thin layers beneath gas fields around the world. It is

also important when we recognise that most oil fields will finish by producing from

a thin oil zone wherever earlier displacement has been effective.

• The old processes of displacing oil with water or gas has recently been improved by

more refined techniques using gas and water in combination. These are reliable,

robust processes made possible through improved accuracy in reservoir management.

We will see their effect in the form of profitable increased recovery.

While these "traditional methods" will contribute significant volumes of production in the

future, we may still see a further development of other advanced displacement and flow

control techniques applied using fabricated agents.

As the result of our industry's progress in recovery techniques, Statoil's ambition is that the

average recovery of liquids from Norwegian fields, which have already been sanctioned

for development, shall increase by ten percentage points (from 39 to 49%). This represents

a 25 % increase in oil volumes from these fields. The potential is time critical and needs to

be pursued aggressively as it is available now and not later. Statoil has therefore already

managed to increase the expectations for oil recovery in the producing fields it operates in

the North Sea from 42 to 52% since 1990, and expects further progress. The urgency in

reaching balanced decisions to improve recovery can hardly be overemphasised. It will

10
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demand full and open co-operation between operators and their partners, and between

industry and authorities. The FORCE programme initiated by the Norwegian Petroleum

Directorate is an essential step to achieve both.

When developing new fields, it is important to include the new technology as an integral

part of resource management plans. The rewards of research into recovery of oil and gas

have been impressive indeed. Still, with the very ambitious IOR plans described above, it

is important to remember that even if we suceed, half of the discovered oil will be left in

the ground.

4.4 Development and Operating Efficiency

The challenges facing the industry as it is moving outward to new frontiers and deeper

water, and inwards to improved recovery, tail production and small field developments are

formidable. The widely used engineering successes of gravity based concrete platforms are

giving way to innovative, flexible floating solutions, constructec1 for severe weather and

for water depths exceeding 1000 meters. Marginal reserves in old and new fields call for

creative thinking and effective, light, and fit for purpose solutions. Significant steps have

been taken to improve development and operating efficiency in the last few years. Early

research on flexible risers, subsea equipment and multi phase flow management has

matured products which allow the use of buoyant facilities. A dramatic reduction in unit

costs for production facilities has been the result. Economies of scale are now less

pronounced, and costs are less sensitive to water depths than they are for fixed platforms.

The ships are constructed in and for a world market, taking full advantage of the

efficiencies of a high volume standardised fabrication sector.

Over the last 10 years we have seen equipment cost reductions per subsea well from USD

25 million (prototype system) to USD 4 million (standardised system) for our latest field

developments. A similar trend can be seen for flowlines and marine operations. The subsea

project execution time has been reduced with more than 50 % just over the last 5 years.

The main elements leading to these achievements are a good balance between

standardisation and use of new technology, long term working relationship with strategic

11
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partners and suppliers, significant increases in delivery volumes and total system thinking

based on functional requirements.

Operating costs on existing and new installations will continue to be under pressure. The

operating units deserve to be honoured for achievements in reducing costs over the last

years. This work will however become more important as fields deplete and technology

ages. In the years to come the challenge will be to create value from tail productions in

declining fields, planning for their eventual abandonment and not at least making full use

of the capital represented by the highly skilled work force manning the installations.

Initiatives like the CRINE and NORSOK have adressed these challenges and impressing

results have been achieved. Perhaps most important in these achievements are the fact that

results are not caused by new fundamental technological break-throughs but through the

implementations of new work processes, openness and trust between the actors; oil

companies and suppliers, standarized solutions and eliminations of non-productive

transaction costs.

Nobody will argue today that the objectives of NORSOK will not be met, but what will

have to follow? Deeper water, more complex reservoirs, tail productions, frontier areas

lacking infrastructure and smaller fileds are five obvious characteristics we will have to

cope with when designing the new development solutions and operation schemes.

A comparison between UKCS and NCS illustrates the size of the "smallest" commercial

fields on the Norwegian side relative to their british equivalents. Obviously, this gives

incentives to agree and formulate a new set of development cost and time goals for the

period up to and beyond year 2000.

12
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5 Management Challenges

Efficient management of technology is the overall title to this section of the conference

and I do wholeheartedly agree to the importance of that technology also has to be managed

in order to generate high economic performance in our industry. When developing

technology management further the actors in our industry will have to identify, define and

develop their core competences and key technologies. The core competences and key

technologies between the two main actor groups; the supply industry and the oil

companies, should be complementary, not overlapping.

In Statoil we have defined four core competences that are essential for us as an oil

company:

• the understanding of the subsurface and the resources contained therein

• the understanding of the markets that will offtake the production

• the ability to execute safe, environmentally and economically sound activities

throughout our value chain

• the ability to integrate understandings and abilities into the most economic total

performances.

The last core compentence has as one of its key technologies what is now more widely

known as coordination technology, a new but nevertheless rather precise term. This core

competence also include the new opportunities offered by comprehensive use of the

revolutionary new information technology. Changing ways of communication and

exchange of information will reform our working processes and inter-/intracompany

relations. To take full benefit of this will most certainly provide a significant competitive

edge and as such represent one of the most demanding challenges to management. Recent

examples of effective implementation of this new technology are the DISKOS project and

the introduction of X-400 Electronic License communication.

13
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Human resources will however be the most critical factor - even more and more as the

Coordination Technology Revolution moves on. Skilled and experienced individuals who

can take full benefit of the new tools and methods information technology offers will be in

demand: Individuals who are prepared and able to adapt and be in a continuous learning

process and to teamwork extensively inside and outside own organisation. Individuals who

realise the difference between working in a real world and a virtual world. In the years to

come we could also be facing a shortage of sufficiently competent personnel (in number)

for certain technology areas.

14
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6 Conclusion

In the North European Offshore scene, the oil industry will face a multitude of challenges

in exploiting the natural resources to the common benefit of a thrieving industry and the

society. Main challenges will be to:

• reveal the natural resource base by innovative and courageous exploration,

utilizing the experience and creative potential of the human resources and new

technology.

• develop and exploit the hydrocarbons in an efficient manner, through careful

planning and flexible solutions, resulting in optimal recovery through field life to

depletion and abandonment.

• develop market understanding, in order to provide the customers with secure

supplies of competitive products.

• apply the latest technology to provide cost efficient and flexible solutions to

challenges all through the value chain, i.e. seismic imaging, 4D-seismic, surgeon

drilling, flexible developments, effective reservoar management and IOR-techniques.

• make sure that the opportunities offered by the IT revolution is utilized to

efficiently manage resources and investments.

• exercise management skills to enhance development of efficient organisations,

inspire multiskill communication, creativity and innovation between the

employees and to stimulate a constructive and challenging environment between

oil companies, suppliers and the authorities.

• conduct the business within a total framework of uncompromising quality and

safety with respect to the environment, the human capital invested, and to the

society.
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