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Introduction
In this presentation I plan to discuss the experiences of our industry, and the projects that have been conducted in connection
with the planning and drilling of the first deep water wells in Norway. I will also present my views on where we should put more
effort in the years to come, so as to increase our knowledge of the deep water areas. I will mainly focus on exploration drilling as
this is the only activity with environmental potential that will take place during the next 5 years or so. I will also briefly discuss
the challenges for future field developments in these water depths, that we would expect to see during the first decade of the next
millennium.

There are currently 7 deep water licences in Norway, and they are located in the Voring plateau off the coast of Nordland and in
the Mere basin. They were all awarded in the 15th license round in early February 1996.

The first well has already been drilled, and we expect that exploration drilling will take place more or less continuously through
the remainder of 1997 and 1998.

Deep water areas
Before "diving" into a more detailed discussion of where we need to increase the knowledge of deep water activities, let's have a
look at what is special about deep water areas and operating in these conditions.

The experience we have is on the basis of the planning and subsequent drilling of the first BP operated well, extensive
communication between the deep water operators and experience from other areas such as the Gulf of Mexico and west of
Shetland.

Needless to say the water depth varies and there is no clear criteria for what is a deep water area. However, but 750 metres is
often used as the limit.

Basically drilling a well in deep water is not very much different from other exploration wells. But, still there are some important
differences that will influence the well planning, both from a technical and environmental point of view. iftJUWiflED

Listed below are the main differences and challenges as I see them: 1

• Ocean currents - forget about the current pattern we normally see in shallower water. The current speed and direction will
vary through the water column. In the deeper water we often see different current directions compared with higher up in
the water column, (many locations see a southerly current direction (Atlantic current), whilst the currents higher up in the
water column and at the surface will be dominated by a more northerly current) Water temperatures - of most locations we
expect to see temperatures below 0° C at the sea bed

• Formation of hydrates - the combination of low temperature and high pressure provides the condition for gas hydrate
formation in the deep water. Also, gas may go into solution in the surrounding water.

• As much of the drilling activity will be non-moored, the release of oil and gas will take place at, or near, the sea bed in the
unlikely event of a blow out

• The probability of a blow out is not significantly different from a "standard" well in more shallower water using a moored
rig We expect to see less local impact from the discharges of drilling muds and cuttings - it is unlikely that water based
chemicals in drilling mud will settle at the sea bed in traceable concentrations

• There is limited information on the benthic fauna, flora and the sediment chemistry. This is obviously an area for further
studies On the first wells, the rig will be operating in Dynamic Positioning (DP) mode during the whole operation

The 1 st deep water well
The first exploration well in deep water was drilled by BP Norge this spring and summer. The well was drilled at the Voring
plateau in block 6707/10 in theNyk High prospect with a water depth of 1274 metres. The semi-submersible drilling rig "Ocean
Alliance" was used for this well. Due to the water depth the rig was operated in DP mode throughout the whole operation. The
distance to shore was 230 km.

The well was spudded on the 19th of April and was completed 90 days later. The result of the drilling was a significant dry gas
discovery (approx. 1/2 Frigg field) and traces of oil. This result is encouraging and reinforces the expectations of significant
discoveries of oil and gas in this region.

As this was the first well in a "virgin" area, and, on top of that the first deep water well in Norway, the expectations of the
Authorities where higher than normal The fact that the rig "Ocean Alliance" was new to Norway, and that this was the first DP
operated exploration activity, fulfils the picture of one of the most complex drilling operations that has taken place in Norway.

Norsk Hydro is currently drilling their first well on "Ormen Lange" licence in the More. This is the second basin which is the
second deep water well in Norway and again beeing drilled by the «Ocean Alliance" in DP mode.

On the environmental side, a discharge application was submitted more than 5 months before spud of the first well. The
application contained information on all chemicals that were planned for use in the drilling mud and cement, plus rig specific
chemicals. An overview of the resources in the area was also presented in the application document. Finally an assessment of the
environmental consequences of the regular, planned discharges, was presented. It was concluded that the planned discharges
from the rig would not cause negative impact to the resources in the area. It should be noted that STF no longer require discharge
applications.

The review of biological information for the Nyk High confirmed that there are limited information on the sediment chemistry
and biology. The sediment fauna is stable and dominated by many species with a low number of individuals for each one.
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The environmental risk in connection with a blow out was quantified as a part of the preparation of the oil spill contingency. The
blow out probability was calculated to be slightly higher than a «reference" well, which is a standard well using a moored rig in
relative shallow water. The highest individual risk were the puffin at Rost, 200 km east of the drilling location, but all the
consequence categories had a significantly lower risk than the acceptance criteria.

During the planning of the Nyk High well we have uncovered many of the «secrets" of operating in deep water. The following
main sources of information were used for environmental related input to the planning:

• Internal BP networks, especially for experience West of Shetland and in the Gulf of Mexico
• General environmental experience from a significant source of common industry studies and projects
• Networking between the deep water operators in Norway.
• AKUP studies

Norwegian Deep Water Project
A short time after the deep water licences were awarded, the license Operators came together to discuss how to approach the
challenges of the "unknown" deep water areas. As a result of the first work shop, a programme of how to develop the deep water
knowledge was presented. The discussions between the Operators continued, and in April '97 the environmental committee under
NDP (Norwegian Deep water Project) was established. The NDP is a group consisting of all the deep water licences with the
objective to co-ordinate the industrial efforts within these licences. Environment is one of 5 disciplines that are covered by this
committee. Thus, the funding of the activities comes directly from the deep water licenses.

The mandate of the environment committee is:

• To co-ordinate internal and external projects and activities to get the maximum benefit from these activities
• Initiate and fund projects that are of general and specific interest for the deep water operators and to act as a steering

committee for these projects

The projects can be devided into two main groups, spill risk/oil spill contingency and impact assessments. The ongoing and
planned activities are listed below:

Spill risk/oil spill contingency projects:

• Hydrate formation and droplet size distribution
• Experimental studies on oil droplets (under consideration)
• Studies on the impact of large oil spills and the effects of oil spill contingency
• Site specific studies on environmental risk and oil spill contingency

Impact assessment studies:

• Development of a protocol and a programme for a baseline benthic study for the deep water locations. The protocol will
be developed on the basis of the current SET guideline, but will take into account the special properties of a deep water
licence.

• The baseline study will take place in either 1998 or 1999 and will cover Vering 1 and 2 and the Mare basin
• Simulated sea bed studies of the degradation of drill muds in extreme cold conditions
• Modelling of the distribution of mud and cuttings in the water column and on the sea bed at deep water locations

The items presented below are topics that have already been subject to studies assessments and where we have considerable
amount of information:

• Literature study on hydrate formation and oil droplet size distribution in connection with release of large quantities of oil
and gas at- or near the sea bed. The main conclusions are that gas hydrates will be formed at these water depths; oil
droplet size distribution will vary depending on the gas/oil ratio and the velocity of the oil and gas. Additionally gas will
be dissolved into the water phase as a result of the high hydrostatic pressure.

• Environmental risk analyses have been carried out for the specific exploration wells. // can be concluded from these
analyses that the environmental risk is at the same level as "standard wells in shallower water.

• Modelling of the distribution of drill mud and cuttings in the water column and sea bed.

Examples of future studies (1998 and beyond) The projects for 1998 have not been agreed in the environmental committee yet,
but the topics below will probably be included in the 1998 activity list:

Long range modelling of large oil quantities in the water column
Optimisation of the oil spill contingency
Further studies of potential impacts of mud and cuttings discharges
The potential impact from production drilling before and through the lifetime of a deepwater field
Studies on air emissions will be considered for inclusion at a later stage

The identification of projects is a "dynamic" process and new projects will be evaluated regularly on the basis of new experience,
communication with the regulators, etc..

Other sources of knowledge
There is a significant amount of generic and more specific knowledge on various environmental issues, as a result of years of
different studies within the operating companies and through OLF studies. Studies, such as on environmental the effects of
chemicals discharges, studies on produced water and drill muds, air emission studies etc., are especially applicable to deep water
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operations.

Through the recent regional consequence analyses for More, Haltenbanken Voring and Nordland, a significant amount of
relevant information has been developed. This regional consequence analyses covers all aspects of potential such as:

Quantification of discharges to air and sea
Natural resources in the potentially impacted area
Assessment of consequences in connection with air discharges
Regional consequence of discharges to sea
Potential regional effects from oil spills

Previous studies under AKUP also focus many aspects that are relevant to current and future activities.

Future developments
Oil and gas production will not take place until well into the next millennium. However, depending upon when and where a
discovery is made, field development could start in two-three years from now. I expect that the requirements from the authorities
to be politically driven as well as based on science. A proper understanding of what may cause potential environmental effects is
therefore important in addition to understanding the political signals. In my views, the following must be considered in
connection with a field development:

• Produced water - it is most likely that the operators will be challenged to re-inject produced water. Still, understanding
the long term effects and the long range transport of produced water components will be important

• Use of less harmful chemicals - only chemicals with a low bioaccumulation potential, high biodegradability and low
toxicity will be accepted for discharge Discharge of mud chemicals - we must expect strict regulations on this issue.
Understanding the effects of different mud systems on the benthic fauna is important

• Air emissions - the Operators must plan on using technology with the lowest practicable discharges on NOx and VOC
Energy efficiency- any outcome from the current negotiations on the reduction of greenhouse gases will cause a drive
towards much more energy efficient installations than we now have.

Summary/conclusions
Although operating in deep waters is relatively new to the Norwegian offshore industry, the environmental aspects are reasonable
well identified and documented. There is already significant knowledge on many aspects, but, needless to say, we still need to
get further details in some areas.

The oil industry is well organised to meet the challenges of more knowledge. The majority of the ongoing projects are related to
exploration drilling. In this presentation I have focused on what we already know, the ongoing projects, and the areas where we
still need to learn more.

Obviously, future field developments and operations will represent a higher environmental impact and risk. Much of the
knowledge we are building up now will be applicable to future field operations, but, clearly, before developing a field, there are
other areas where we have to improve our knowledge
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