


PREFACE

PREFACE
[

The international oil industry was affected by the drop in oil prices in 1998.
Nevertheless, the Danish area generally experienced favourable development in
exploration, development and production.

The outcome of the Fifth Licensing Round - 17 new licences and the most com-
prehensive work programme since the first licensing round - bode well for the fu-
ture. As a result of the new licences, at least DKK 1.7 billion will be spent on
exploration in Danish territory in the next six years.

At end-1998, two major development projects were in progress in the Siri and
South Arne Fields. Production from the Statoil group’s Siri Field commenced in
March 1999, and the Amerada Hess group is expected to start up production from
the South Arne Field in mid-1999.

Moreover, the development of existing fields has yielded positive results. For
instance, new wells drilled in the “old” Gorm and Dan Fields contributed to
record-high oil production in 1998.

In light of the plunge in oil prices, this year's report contains a special section
entitled Fluctuations in the Oil Price, which describes the historical development
in the price of oil and the factors determining the price.

Copenhagen, May 1999
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tude, totalling about 15,000 km?, were offered for licensing in the round. Geologi-
cally speaking, the areas offered are situated both in the Central Graben, from
which the total current Danish production of hydrocarbons derives, and further
towards the east in the Norwegian-Danish Basin and on the Ringkgbing-Fyn High.

The conditions for submitting applications and the terms applicable to the licences
granted in the Fifth Licensing Round were virtually unchanged compared to the
fourth licensing round in 1994-95. However, in order to facilitate the selection of
applicants with equal qualifications, the Danish Energy Agency invited the oil
companies to submit a supplementary offer for state participation on the basis of a
sliding scale. The sliding scale determines the percentage increase of state partici-
pation in relation to the amount of production, if commercial oil and gas discove-
ries are made at a later date.

Upon the expiry of the application period, the Danish Energy Agency had received
19 applications, the highest figure since 1984, when a much larger area was offered
for licensing in Denmark’s first licensing round. In the Fifth Licensing Round, an
equal number of applications was submitted for areas in the Central Graben and

for the areas east of the Central Graben. The oil discovery made in the Siri struc-
ture by the Statoil group in 1995 has contributed to the great interest shown in the
areas east of the Central Graben.

Although applicants were competing for several attractive areas, it proved possible
to accommodate the desires of 17 of the applicant groups. In one case, supple-
mentary offers for sliding scale participation had to be invited in order to deter-
mine which group was to be awarded a licence for the area.

As a result of the new licences, agreements have been made representing total
investments of about DKX 1.7 billion in exploration over the next six years. Thus,
the oil companies are to drill 13 unconditional and eight conditional exploration
wells, as well as to carry out 3D seismic surveys covering a total area of about
3,500 km?.

The groups of companies holding the licences granted in the Fifth Licensing

Round include a number of oil companies which are new to the Danish area, in
addition to companies already active in exploration and production. Appendix A
gives an outline of all the companies holding the new licences, while the location
of the areas comprised by the individual licences appears from the maps at the
back of the report.

OPEN DOOR

In 1998, the Danish Energy Agency received another three applications for licenc-
es under the Open Door procedure. These applications were submitted by Agip
Denmark BV, Anschutz Overseas Corporation and the Amerada Hess group.

Under the Open Door procedure, applications are invited for all open areas east
of 6°15' East longitude every year in the period from 2 January through 30 Sep-
tember. According to the licence terms, Dansk Olie- og Gasproduktion A/S is to
have a 20% share of all licences in the Open Door area.

Agip and Anschutz have submitted applications for areas in the North Sea due
east of the areas for which applications were invited in the Fifth Licensing Round.
The Amerada Hess group, composed of the companies Courage Energy Inc.,
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Francisca-1 terminated in early Tertiary layers. A minor gas discovery was made in
a sandstone formation. However, the licensees consider that there is no basis for
subjecting the discovery to further appraisal.

Sine-1x (5505/22-2)

In August-September 1998, Mzrsk Olie og Gas AS drilled the exploration well
Sine-1x on the Ringkebing-Fyn High southeast of the Contiguous Area. The well
was located in the area comprised by licence 7/95, but was drilled in cooperation
between the holders of licences 7/95 and 17/98, A.P. Mgller’s Sole Concession and
licensees in German territory. Maersk, Shell and Texaco carry on exploration under
all the above-mentioned licences. Sine-1x terminated in the crystalline basement,
but no hydrocarbons were encountered in the layers penetrated.

MFF-19 (5505/17-16)

In the Dan Field, Mzrsk Olie og Gas AS has set a new record for the length of
horizontal wells with the well drilled in the northwestern flank of the field. From
the Dan F platform, the well was drilled about 7,650 m towards the northwest in
order to appraise the extent of a reservoir zone in the chalk, where previous wells
have shown good oil saturations.

MFF-19 showed good production properties and has now begun producing. With
a horizontal length of just over 6.1 km, the well set a record for horizontal wells.
At the beginning of 1999, Mzrsk began drilling an exploration well, Nana-1x,
about 1,100 m northwest of the terminal point of the horizontal well.

Rolf-6 (5504/14-2)

In March-May 1998, Mersk Olie og Gas AS drilled a horizontal well, Rolf-6, in the
Rolf Field in order to evaluate the production potential in the northwestern part of
the field. However, the well did not meet expectations, and is now used as an
observation well.

TEB-18 (5504/12-8)

In November 1998, Marsk Olie og Gas AS began drilling the TEB-18 well in order
to appraise the Danian oil zone at the southern flank of the Tyra Field. At the
beginning of 1999, Mersk was in the process of completing the well in order to
start up production.

AMENDED LICENCES

Extended Licence Terms

Licences 7/89, 8/89 and 10/89

At the beginning of 1998, the Danish Energy Agency extended the terms of the
three licences remaining from the Third Licensing Round. The term of all three
licences was extended by two years until 20 December 1999.

Amerada Hess A/S is the operator under licence 7/89, which comprises the South
Arne Field, expected to be brought on stream in July 1999. The licensee has pre-
viously drilled two exploration wells, Baron-2 and Rigs-1, and acquired 3D seismic
data. Further exploration will now show whether more discoveries can be made
in the area.

Under licence 8/89, for which Danop i-s is the operator, the licensee has previous-
ly drilled an exploration well, Bertel-1, and acquired 3D seismic data. The drilling
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RELEASED WELL DATA

Generally, data collected under licences granted in pursuance of the Danish
Subsoil Act are protected by a five-year confidentiality clause. However, the
confidentiality period is limited to two years for licences which expire or are
relinquished. In 1998, data regarding the following exploration wells were
released:

Well Well no. Operator

Rita-1x  5603/27-05  Mzersk Olie og Gas AS

Alma-2x  5505/17-11  Mazersk Olie og Gas AS

Tabita-1  5604/26-3 Statoil Efterforskning og Produktion A/S

A list of all exploration and appraisal wells drilled in the past ten years is available
on the Danish Energy Agency’s homepage, www.ens.dk.

All information about released well data, seismic surveying data, etc. collected in
connection with exploration and production activities, is provided by the Geologi-
cal Survey of Denmark and Greenland.







DEVELOPMENT AND PRODUCTION j
e

The Lulita Field is situated a little to the north of the Harald Field. Production
from the field, which is Middle Jurassic sandstone, was commenced in June 1998.

The Siri Field is an oil accumulation in Tertiary sandstone, about 25 km east of the
Central Graben. The Siri Field development in 1998 provided for the installation of
a combined platform housing wells, processing facilities and accommodation. The
platform and oil storage tank were shipped out to the field for installation in
November 1998. The platform is placed on an oil storage tank situated on the sea
bed. Production will take place from six horizontal oil wells and three injection
wells for co-injecting water and gas, and in 1998 one well of each type was dril-
led. The field was brought on stream in March 1999,

In the South Arne Field, the platform is expected to be installed in the first half of
1999. South Arne is a chalk field situated in the northern part of the Central Gra-
ben due south of the Svend Field. Production is expected to commence from this
field in 1999. The Siri and South Arne field developments are discussed in more
detail towards the end of this section.

In December 1998, the Danish Energy Agency received an application for further
development of the Skjold Field, consisting of drilling another seven wells. The
drilling operations have been scheduled for 1999. The application was approved
in February 1999.

In 1998, 23 new horizontal or highly deviated production and injection wells were
drilled in connection with developing Danish fields in the North Sea. The increase
in the number of wells drilled in 1998 as compared to 1997 is mainly attributable
to the numerous wells drilled in the Dan Field.

The wells contributing to Danish production in 1998 totalled 227. The number of
horizontal wells in operation in 1998 totalled 127: 95 production wells and 31
water-injection wells. In the Tyra Field, five wells were alternately used for pro-
duction and injection in 1998. In calculating the above figures, these five wells
were classified as production wells.

In 1998, DONG laid a new gas pipeline in the North Sea for transporting gas from
the South Arne Field via the Harald Field to the gas processing facilities at Nybro.
At the same time, the capacity of DONG’s oil pipeline from the Gorm Field to
shore has been expanded to 270,000 barrels per day.

SUCCESSFUL PRODUCTION OF OIL CONTAINING WAX

As previously mentioned, the Lulita Field was brought on stream in June 1998.
The oil produced from the Lulita Field has a large content of wax. Experience
shows that this causes problems in the processing and transportation systems, and
the startup of production from this field was therefore a technical challenge.

The production from the Lulita wells is separated into liquids (unstabilized oil with
water) and gas on the Harald platform. The liquids are conveyed to Tyra East
through a 16” pipeline together with the liquid production from Harald and the
total production of hydrocarbons from Svend. After processing to meet the sales
specifications, gas from the Lulita Field is transported together with gas from
Harald through a 24” pipeline to Tyra.
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In 1997, the gas-injection project was expanded to comprise Tyra East, in which
connection seven existing production wells were converted. In 1998, another two
existing production wells were converted into gas-injection wells.

To further improve the injection pattern and enhance capacity, a horizontal side-
track was drilled from an ordinary deviated well in 1998. The drilling operations
were carried out without the use of a jack-up drilling rig. All equipment was
placed on the existing wellhead platforms, and the actual drilling operations were
carried out by using the coiled tubing technique. The coiled tubing is unwound
from a large coil, hence the name, and lowered into the well. This drilling
technique proved a great success, with a horizontal section of almost 1,000 m
being drilled, but in the final phase, problems were encountered, and it was
impossible to install the injection completion as planned.

In the winter of 1998/99, a combined gas production/oil appraisal well was drilled
in the southern flank of the field. Whereas the existing oil production wells termi-
nate in Maastrichtian layers, this well confirmed the presence of an oil rim in
Danian chalk only previously penetrated by the distal part of two horizontal gas
production wells. Production from this well starts in 1999.

Facilities for the utilization of lift gas were completed in 1998, and in a number of
oil wells were gaslift installed.

In 1998, 0.73 billion Nm? of net gas was recovered from the Tyra Field, which is
about 70% less than in 1997. Total oil production in 1998 declined by 25% compa-
red to the year before. The amounts of water produced in 1998 were slightly bel-
ow the 1997 level. The decline in production is mainly attributable to the commis-
sioning of the Harald gas field.

The Valdemar Field

The Valdemar oil field is located approx. 20 km northwest of the Tyra Field. Since
1993, production has taken place from the so-called North Jens area in the Valde-
mar Field.

Valdemar is a large oil accumulation by Danish standards. However, the reservoir -
consists of very tight chalk, which makes recovery very difficult.

The Valdemar Field produced 0.10 million m? of oil in 1998. Production from the
field continues to be difficult because parts of the formation are brought to the
surface with the oil produced, and the production string and casings collapse.

The Roar Field
Roar is a minor gas accumulation situated 10 km northwest of the Tyra Field. The
Roar Field was brought on stream in 1996.

In 1998, gas and condensate production rates declined by about 25% compared to
1997. The main reason for the fall in production is increasing water cut.
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The Svend Field
The Svend oil field is situated 60 km northwest of the Tyra Field. Production was
commenced in 1996.

The Svend Field produced 0.64 million m? of oil in 1998, a 50% reduction in rela-
tion to 1997. In the course of 1998, the water content of production increased
considerably. One well was shut down for more than five months for this reason.
However, production has been resumed from the well, with a much lower water
content.

When the two existing production wells were drilled, they did not penetrate the
whole length of the reservoir. The second section of the northern well will be
drilled in the first quarter of 1999, and the results, combined with additional pro-
duction experience and a reinterpretation of existing seismic data, will form the
basis for evaluating the potential for further development of the field.

THE HARALD CENTRE

The Harald and Lulita Fields are the only fields connected to the Harald Centre to
date. An 80 km gas pipeline connects the Harald Centre with Tyra East. Conden-
sate is conveyed to Tyra via the Svend Field. Fig. 2.6 shows the location of the
Harald Centre. The amount of condensate produced from the centre totalled 1.85
million m? in 1998, while total net gas production amounted to 2.81 billion Nm3.

The Harald Field
The Harald gas field is situated close to the Norwegian border, about 80 km north
of the Tyra Field. Production commenced at end-March 1997,

The field consists of two independent reservoirs, West Lulu and Lulu. West Lulu is
a Middle Jurassic sandstone reservoir, while Lulu is a Danian chalk reservoir.

Both reservoirs contain gas with a fairly high content of condensate. This means
that for every m?® of gas produced, almost three times as much condensate is pro-
duced as in the Tyra Field.

West Lulu was the first sandstone reservoir from which production was initiated in
Denmark. Production takes place from two wells, which started producing in June
1997 and March 1998, respectively. It is planned to drill one more well at West Lulu.

At Luly, there is one producing well, to be supplemented by another well in 1999.

In 1998, 2.74 billion Nm? of net gas and 1.64 million m? of condensate were pro-
duced.

The Lulita Field

The Lulita Field is an oil accumulation extending from the Harald Field towards
the Norwegian border. The field is covered by licences 7/86 and 1/90, which be-
long to the Statoil group, as well as A.P. Mgller's Sole Concession.

Maersk Olie og Gas AS is the operator on behalf of DUC and the Statoil group,
and the Lulita Field is the first field in Danish territory which has been unitisered.

The Lulita accumulation is a structural fault trap in sandstone layers forming part
of the Middle Jurassic Bryne Formation.
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The Lulita Field development is based on production from two wells by natural
depletion. Production takes place from the Harald A platform, which can now
handle production from Lulita as a result of minor modifications and extensions.
The field was brought on stream in June 1998.

As previously mentioned, the crude oil from the Lulita Field has a very high con-

tent of wax. The oil is in a liquid state under the pressure and temperature condi-
tions existing in the reservoir, but if the pressure and temperature drop too much,
the oil will solidify. Owing to a number of measures introduced to counteract this
problem, transporting the oil through the pipelines has not given rise to any major
difficulty.

In 1998, 0.15 million m?3 of oil was produced from the field. The amount of water
produced is much larger than originally foreseen, which means that the amount of
oil produced diminished.

THE SIRI FIELD

The Siri Field is an oil accumulation in Tertiary sandstone. Siri is situated about
25 km east of the Central Graben, where all commercial oil and gas discoveries
have been made to date. Statoil Efterforskning og Produktion A/S is operator for
the field, with Danop as co-operator.

The field development consists of a combined platform housing wells, processing
facilities and accommodation. The platform is placed on an oil storage tank placed
on the sea bed. The oil produced is loaded on board tankers by means of buoy
loading facilities.

Production from the field will take place from six horizontal oil wells. In order to
enhance recovery, the gas will be reinjected together with water through three

deviated wells. The co-injection of gas and water is a novel technique, also in an
international context. One advantage of co-injection is that the injection pressure
at the surface is much lower than when gas is injected alone, thus requiring less

energy.

The platform was installed in the field in November 1998. Production commenced
in March 1999, initially from one well, and the remaining wells are expected to be
drilled in the course of 1999.

THE SOUTH ARNE FIELD

The South Arne Field is an oil accumulation with a relatively high content of gas
in Danian and Maastrichtian chalk. The field is situated in the northern part of the
Central Graben, about 10 km south of the Svend Field. Amerada Hess A/S is the
operator for the field.

A development and production plan for the field was approved by the Danish
Energy Agency in August 1997. The field is currently being developed, and pro-
duction is planned to commence in 1999.

The field development is based on a combined wellhead, processing and accom-
modation platform. The oil produced will be stored in a tank installed on the sea
bed. From here, the oil will be loaded on board tankers by means of buoy loa-
ding facilities, while the gas produced will be exported to shore via a new pipeli-
ne emanating from the South Arne Field.
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It is planned to carry out the development project in three phases. The first phase
of the development will consist of drilling up to 12 horizontal wells, of which four
were drilled in 1998. Studies conducted in the course of 1998 have shown that
there is great potential for improving recovery from the field by means of water
injection. The second phase of the development project therefore provides for the
possible use of water injection in the field. The third phase is based on a possible
further development of the field through the drilling of more wells and the start-
up of production from structures and formations not comprised by phase 1.

NATURAL GAS STORAGE FACILITIES

Dansk Naturgas A/S has two natural gas storage facilities at its disposal, one at
Lille Torup near Viborg in Jutland, and one at Stenlille on Zealand.

At the turn of the year 1998/99, the Lille Torup and Stenlille storage facilities pro-
vided an extraction capacity of 420 million Nm? and 350 million Nm?3, respectively,
totalling 770 million Nm?.

Dansk Naturgas A/S operates on the basis of two goals for natural gas supplies
- a short-term goal, which concerns any interruptions in DUC’s supplies on very
cold winter days, and a long-term goal, which concerns accidents involving a
suspension of the supply of gas through the existing 30” pipeline from Tyra to
shore for up to 30 days.

With the above-mentioned total extraction capacity of 770 million Nm? and an
agreement made with DUC for the supply of gas from Tyra via Harald and from
there through the new 24” pipeline to shore, Dansk Naturgas A/S is able to meet
its long-term goal.

As far as the short-term goal is concerned, Dansk Naturgas A/S needs to increase
the rate at which gas can be extracted from the storage facilities. In this connec-
tion, the company plans to establish a new withdrawal processing train to upgrade
the extraction capacity of the Stenlille facility in 1999.
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Table 3.1 Production and Reserves at 1 January 1992

OIL, million m3 GAS, billion Nm3
Ultimate Recovery Ultimate Recovery
Produced Reserves Produced Reserves
Low Exp. High Low Exp. High
Ongoing and Ongoing and
Approved Recovery: Approved Recovery:
37 64 93 14 5 10 15
0 2 3 0 1 2
0 0 0 0 0 0 0
0 0 0 - 1 2 3
0 1 1 - 1 1 2
3 15 29 4 1 2 4
6 15 25 2 0 1 2
0 1 0 0 0 0
0 0 0 0 0 0 0
2 6 10 29 35 47 60
o] 1 1 0 0 1
1 2 3 5 6 9 13
1 4 7 0 0 0 1
0 1 1 - 0 0 1
0 1 1 - 2 5 7
4 5 7 4 14 18 23
0 0 1 0 0 0 1
5 8 12 - - - -
8 14 28 - 3 6 11
140 60 104
1 2 0 0
1 2 3 3 5
1 1 2 0 0
5 3
10 20 30 4 7 11
12 23 35 0 0
3 7 17 2 9 17
51 16
Total 131 195 Total 60 123
213 137







Table 3.2 Qil Production Forecast, million m?

1999 2000 2001 2002 2003

Ongoing and Approved:

56 53 52 47 43
04 03 02 02 01
00 00 00 00 00
- - 00 00 00

- - - - 01
31 24 16 13 11
19 19 16 14 13
01 01 01 01 01
00 00 00 00 00
09 07 07 08 06
01 01 02 01 01
04 05 04 03 02
09 07 03 02 02
- - 05 01 00

- - 02 02 01
15 12 08 07 05
02 00 00 00 00
18 22 14 09 06
11 26 25 19 14
17.8 18.0 157 12.8 10.8
- - - - 03
17.8 18.0 157 12.8 11.0
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In the Svend Field, reserves have been reassessed on the basis of production
experience and further drilling operations initiated in the field at the beginning of
1999.

The Lulita reserves have been written down on the basis of production experience.

Planned Recovery
Freja is the name of the former Gert Field.

Possible Recovery

The Danish Energy Agency has reviewed a number of options for enhancing
recovery with the use of known technology, i.e. technology which is used today
under conditions comparable to those prevailing in the North Sea.

Based on reservoir calculations and general estimates of investments, operating
costs and oil price developments, it is assessed that the recoverable reserves can
be augmented considerably by implementing additional water-injection projects in
a number of fields. Moreover, the potential of some of these fields has been
reassessed.

The drilling of horizontal wells is considered to further increase the production
potential of the Kraka and Rolf Fields, as well as the oil zone in the Tyra Field.
Reserves in the Siri Field have also been included in this category. A further de-
lineation to be made in connection with the development of this field will show
whether expectations for the reserves in the northern part of the field can be con-
firmed.

Finally, a number of discoveries that are under evaluation are included in this
category, which also includes discoveries that are considered to be marginal based
on current technology and prices.

The total amount of oil that is recoverable with the use of known technology
corresponds to only approx. 22% of the hydrocarbons in place in Danish territory.

In fields like Dan, Gorm and Skjold, where the production conditions are favour-
able, an average recovery factor of 34% of the oil in place is expected, based on
the assumption that known methods are used, including water and gas injection.

The total oil reserves also include contributions from the relatively large accumula-
tions in the Tyra and Valdemar Fields, where the recovery factors are fairly low
due to the difficult production conditions.

PRODUCTION FORECASTS

Based on the assessment of reserves, the Danish Energy Agency prepares produc-
tion forecasts for the recovery of oil and natural gas in Denmark.

The present five-year forecast shows the Danish Energy Agency’s expectations for
production until the year 2003. In addition, the twenty-year forecast shows the
Danish Energy Agency’s assessment of the production potential for oil and natural
gas in the longer term.
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4. RESEARCH

The Government’s involvement in oil and gas research is based on a desire to
sustain a high degree of self-sufficiency for as long as possible, in an environmen-
tally appropriate manner.

To help fulfil this objective, the Government coordinates research initiatives with
public and private corporations.

State-subsidized research related to oil and natural gas is conducted under the
Energy Research Programme (ERP) and under the auspices of the EU and the Nordic
Council of Ministers.

In terms of their administration, objectives and publications of results, the individual
research programmes are described in greater detail below.

RESEARCH PROGRAMMES

Energy Research Programme (ERP)

Support for research and development in the area of energy is granted under the
Energy Research Programme. The Danish Energy Agency, which administers the
programme, determines the overall strategy for and priority given to the areas
covered by the programme, in cooperation with the Advisory Energy Research
Cominittee. The annual applications for ERP funds far exceed the funds available.
Committees of experts within the respective areas of research, including the Oil
and Natural Gas Research Committee, assist the Danish Energy Agency in selecting
the projects to be funded and in following up the progress of the selected research
projects.

In the past four years, the action plan Research and Development in the Area of
Oil and Natural Gas, published in March 1994, has served as the general basis for
prioritizing the numerous ERP applications. This action plan will now be replaced
by an updated plan covering the period 2000 to 2003.

The principal criterion for funding is the importance of the projects to society and
their relevance in terms of fulfilling the energy-policy objectives set. The projects
funded are divided into the following areas of research: exploration, recovery
methods, equipment and installations, as well as arctic oil and gas issues. In gran-
ting funding to projects, the ERP attaches weight to how well a project ties in with
previous ERP projects carried out and with international research projects.

In recent years, the Danish Energy Agency has funded oil and natural gas research
projects with an average amount of about DKK 17 million per year. The subsidized
companies, universities and research institutes have covered about 50% of project
costs with own funds, which means that about DKK 34 million has gone into initi-
ating energy research projects every year.

The oil and natural gas research programme primarily focuses on projects that
contribute significantly to gaining access to further Danish oil and natural gas
reserves through new exploration and production methods, as well as new tech-
nology.

35
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As a main rule, the results of research projects and the new knowledge accumu-
lated under the programme are to be available to the public. The final reports for
all ERP projects completed are kept at Risg’s library, which lends them out. In
addition, Ris@’s library maintains a database (Nordic Energy Index, NED containing
information about all ERP projects initiated and completed since 1981.

Information about the research programme can be obtained from the Danish
Energy Agency and on its homepage, www.ens.dk. Information about ongoing
and completed ERP projects can be found at the Internet address
www.risoe.dk/nei.

EU Research and Development Programmes

The fifth EU framework programme for research, technological development and
demonstration was adopted on 25 January 1999. The programme covers the period
from 1998 to 2002. The total budget for the first activity under the fifth framework
programme, which deals with the central programme areas, runs into EUR 10,843
billion, and consists of four thematic programmes. The fourth thematic programm k
has been divided into two subprogrammes, the environment and energy, which
are considered independent, with their own budgets and committees. Funding in
the amount of EUR 1,042 billion (DKK 7.7 billion) has been granted for the energy
subprogramme.

The subjects dealt with under the energy subprogramme are cleaner technologies
and renewable energy, accounting for about 46% of the total budgeted costs, and
economic and efficient forms of energy (concentrating on the rational use of ener-
gy and hydrocarbon activities), accounting for the remaining 54%.

The draft energy work programme dealing with hydrocarbon activities is aimed at
promoting more efficient exploration, recovery and production techniques. The ob-
jective is to make the identification of exploitable resources in the EU more efficient
and to optimize recovery, while minimizing costs and the environmental impact by
means of developing techniques that are globally competitive.

Specifically, techniques are sought to develop deep-water fields and fields difficulr,
to access, including marginal fields and fields in the arctic area. The development%/;
of more efficient offshore production and subsea facilities is also desired. Produc-
tion facilities are to be developed so that they can be removed in an expedient
and environmentally friendly way, thus ensuring complete recycling.

The results of research projects and knowledge accumulated through participation
in EU programmes must generally be available to the public. Information about
completed projects can be obtained at Rise’s library, while information about the
programme sections relevant to energy and the respective deadlines for applica-
tions is available on the homepage www.cordis.lu/fp5/sr¢/programmes, from the
Danish Energy Agency’s research division, from Energicenter Danmark and Euro-
Center.

The Nordic Council of Ministers

On 1 January 1999, a new four-year research programme began. This programme
places more emphasis than before on energy savings, renewable energy and co-
operation with the local community.
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The funding of petroleum technology research will be phased out over a two-year

g g y
period, the aim being for this research to continue within another framework,
based on financial support from the industries concerned.

Further information about the programme is available on the homepage
www.nordisk.energiforskning.org.

ENERGY RESEARCH IN 1998

Energy Research Programme 1999 (ERP 99)

In 1998, applications for ERP 99 were considered. Funding in the amount of DKK 60
million for 26 projects was applied for within the area of oil and natural gas. The
total budgeted costs of these projects amounted to DKX 98 million. The selection
made among the numerous applications resulted in funding for seven energy pro-
jects, totalling DKK 18.2 million. The implementation of these projects provides for
research with total budgeted costs of DKK 38.9 million, including self-financing by
the research institutes and industrial contributions. The funding of DKK 18.2 million
granted for these projects equals approx. 47% of the total budgeted costs on average.

The criteria for selecting projects and their priority appear from the action plan
Research and Development in the Area of Oil and Natural Gas, which covers the
period 1995-99, as well as the material concerning Call for Project Proposals for the
1999 Energy Research Programme.

The projects funded under ERP 99 appear from Appendix G. The research topics
of the individual projects are described in more detail below, and their numbering
matches the project reference numbers stated in Appendix G.

Of the projects funded, one project concerns exploration, two concern recovery
methods, two concern equipment and installations and two concern arctic conditions.

Exploration:

The objective of the project Palaeozoic sedimentary deposits and basement struic-
tures in the Danish area (0003) is to map the basement under the sediment basins,
and thus to identify areas where subsidence may positively contribute to the forma-
tion and accumulation of oil and gas. Reflection seismic sections integrated with
gravimetric, magnetic and refraction seismic data are analyzed to identify structures
beneath the "conventional acoustic basement". This project falls within the scope of
the research area selected for exploration of untested formations and traps within
the Danish continental shelf.

Recovery Methods:

Priority — Improved recovery from Lower Cretaceous Chalk reservoirs (0009) - aims
to stimulate interest in exploration and enhance the recovery of oil and gas from
Lower Cretaceous chalk reservoirs of Barremian and Aptian age. This project is
intended to improve understanding of the special properties of such reservoirs,
whose poor quality and lack of formation stability make recovery difficult. ERP
funding has been granted for the remaining two years of the scheduled five-year
programme period. The Priority Project, which has special significance for energy-
policy aims, falls within the special priority areas of the action plan.

The aim of the project On the significance of three-phase displacement mechanisms
Jor recovery efficiency in connection with the planning and optimization of
WAG/CGW injection (0011) is to investigate three-phase flow properties (oil, gas and
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water) by setting up micromodels and through mathematical network modelling.
The purpose is to achieve three-phase relative permeability data at macroscale level
that reflect the conditions at microscale level. This project follows up a project pre-
viously funded under ERP 94.

Equipment and Installations:

One project, Free span burial insirumentation pig — phase A (0013), is aimed at
devising a method for checking pipelines internally for free spans, to determine
the thickness of the pipeline covering and to check whether the external concrete
coating is intact. This project is a further development of projects previously fund-
ed under ERP 91 and ERP 95, and a continuation of a Thermie 92 project.

Another project, Improved design basis for offshore flexible pipes (0014), may impact
on the use of flexible piping to transport oil and gas containing corrosive compo-
nents. The aim of the project is to determine, through measurements and model-
ling, whether methane, carbon dioxide and hydrogen sulphide are able to permeate ..
the internal lining of a flexible pipe to the steel reinforcement, where they may
cause corrosion.

Arctic Conditions:

The purpose of one project, Mapping and evaluation of the Nuussuaq Basin (0024),
is to collect and interpret new seismic data, thus improving understanding of the
structural composition of the Nuussuaq Basin, and to stimulate interest in commer-
cial exploration of the area. This project is a continuation of two projects previously
financed under ERP 95 and ERP 96.

The other project, An integrated study of the stratigrapby and hydrocarbon prospec-
tivity of Palaeozoic sediments offshore southwestern Greenland (0025), is aimed at
mapping Palacozoic sediments offshore southwestern Greenland through a sequen-
tial stratigraphic study.

Both projects involve investigations of unlicensed areas.

ERP Projects completed in 1998
Table. 4.1 ERP Funding In 1998, 16 projects funded in whole or in part under the oil and natural gas pro-
gramme were completed. The distribution of these projects on the areas covered
by the action plan appears from the Table 4.1. In addition, the table shows the
year in which the projects were granted funds under the ERP programme.

ERP-94

ERP-95 Appendix G indicates the project title and participating institutions/businesses for

all projects completed in 1998.

ADNjW N -
s

1
2
ERP-96 1
4

Total
Exploration:
Three of the four exploration projects have led to the discovery of good and mature
source rock material in Middle and Upper Jurassic layers in the area comprised by
the Central Graben. Source rock was found in Upper Jurassic layers in the Feda and
Gertrud Graben and in the Heno Plateau. Investigation of Middle Jurassic sections
has improved our knowledge of the source rock potential and its regional variation
in the Central Graben. These projects also dealt with migration paths from Jurassic
source rock up to the Cretaceous and Lower Tertiary chalk fields in the Central Gra-
ben, and the amounts of hydrocarbons formed were estimated. In addition, optical
and geochemical data were used and correlated to borehole logs to identify sequen-
tial stratigraphic surfaces for the purpose of developing better geological models.
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Fig. 4.2 Project Areas in Greenland

Nuussuag

Basin

Wandel Sea
Basin

The aim of another project was to determine the risk of both internal and external
corrosion, as well as the formation of cracks in natural gas transmission pipelines.
The soil corrosiveness and the corrosion rate due to sulphide and sulphate reduction
were determined at various locations in Denmark. Equipment for corrosion testing
of soil was developed and manufactured. Further, the risk of hydrogen brittleness
developing was investigated.

Under a third project, a tracer method for measuring the multi-phase flow of
gas/oil/water in horizontal production pipelines was developed. This method is
based on marking each of the three flows with a different radioactive tracer. The
method has been tested in the North Sea with good results.

Arctic Conditions:
Three arctic projects concerning Greenland have been completed.

One project has provided new information on sedimentology and biostratigraphy
in the southeastern part of the Wandel Sea Basin in northeastern Greenland,
including new information on the area’s hydrocarbon potential.

Two other projects involved further investigations of the hydrocarbon potential in
the Nuussuaq area in western Greenland.

One of these projects was intended to improve insight into the subsidence and
uplift history. Because the late uplift history is of major importance to the occur-
rence of mature source rock in the area, the project has contributed to evaluating
the exploration potential. The above mentioned locations are shown on Fig. 4.2.

The other project deals with delimiting prospective reserves in the Nuussuaq Basin
by means of geophysical investigations. This has rendered the presence of source
rock, reservoirs and seal beds in the area likely, and all the geological conditions
required for the presence of major hydrocarbon accumulations in the area have
been confirmed.

EU Research and development Programmes

As stated above, funds of DKK 7.7 billion have been allocated to energy research
under the fifth EU framework programme, which covers the period 1998-2002. The
active interaction between public- and private-sector energy research gives Danish
research a good chance of continuing to hold its own in the competition for
European research funds.

The Nordic Energy Research Programme

In 1998, the Nordic Energy Research Programme allocated funds to senior
researchers and student researchers, who are participating in inter-Nordic research
cooperation at Nordic universities. The following topics related to hydrocarbons
are given priority: petroleum fluids, oil technology and petrophysics (upstream
operations), as well as catalytic processes, separation processes and reactive distil-
lation (downstream operations).

The Energy Research Programme (ERP) finances the Danish participation in this
cooperation. In 1998, grants were awarded for one PhD scholarship and 15 senior
researchers (including six Danish) in the area of petroleum technology.
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More Participants in the Joint Chalk Research

In 1997, it was decided to continue the cooperation on joint Chalk Research by
extending the programme with a fifth phase. The new phase is scheduled to run
for a period of two years until the year 2000, and has an overall budget of about
DKK 17 million.

The subjects of research in the new phase can be given the following headings:
geology, rock mechanics and recovery processes. The research topics are discussed
in more detail in the Danish Energy Agency's report Oil and Gas Production in
Denmark 1997.

When the contract for this joint research programme was signed in 1997, nine oil
companies, seven Norwegian and two Danish, had joined the programme. In
1998, another German oil company, RWE-DEA, and a Dutch oil company, Veba
Oil Nederland B.V., became participants. The background for these companies’
interest is that RWE-DEA is a licensee and Veba Oil Nederland B.V. is the opera-
tor of a new chalk oil field situated on the Dutch continental shelf close to the
Danish sector.

The public authorities, which were behind this Joint Chalk Research Programme
at the beginning of the 1980s, are pleased to see the oil companies today cooper-
ating on research of their own accord, thus jointly addressing the problems asso-
ciated with improving the recovery of oil and gas from the tight chalk reservoirs
in the North Sea.

The Danish companies/research institutes involved in this research programme are
the Geological Survey of Denmark and Greenland, COWIconsult AS, the Danish
Geotechnical Institute and the Technical University of Denmark. Danish research
will account for about one third of the total funds allocated to this programme.
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 FLUCTUATIONS IN THE CIL FRICE

During the same period, the supply of crude oil on the world market has climbed
slowly. It is therefore not surprising that the economic crisis in Asia had a major
impact on the crude oil price in 1998. Precisely the growth in Asian economies in
recent years has caused the world market to expect a growth in demand for crude
oil.

At the same time, the low crude oil price has not increased demand from the rest
of the world. There are several reasons why falling oil prices are not matched by
a corresponding hike in oil demand. In most countries, oil forms part of the total
supply of energy. Therefore, the consumption of oil is ruled by a number of
technical and environmental factors which mean that consumption reacts slowly to
changed prices.

The International Energy Agency, IEA, voiced the opinion at the beginning of
1999 (Oil Market Report, January 1999) that it is unrealistic to expect substantial
increases in world market oil prices, unless the Asian economy recovers.

What happened to supply?
The decline in demand from the Asian countries has not yet caused the world
market to adapt its production of crude oil correspondingly.

Like demand, the supply of crude oil reacts slowly to price changes.

Perhaps this can best be illustrated by contemplating a minor, fictitious field in the
North Sea. If an oil price of USD 12 per barrel is required in order for production
from the field to be economically viable, it could easily be assumed that operati-
ons in the field would be discontinued if the price dropped below USD 10 per
barrel. However, when discontinuing the operation of a field, only the actual ope-
rating costs, i.e. USD 5 per barrel, are saved. The remaining costs typically consist
of interest and repayments on loans, which have to be paid regardless of whether
the field is shut-in or not. As long as the crude oil price is higher than the actual
operating costs, it will pay to carry on production. Thus, it will frequently be most
worthwhile to continue producing oil, even in periods when prices are very low.

As opposed to most other commodities, crude oil is difficult to store, as the storage
capacity is limited. Oil has to be sold fairly quickly after being produced. There-
fore, it is usually not possible to inflate prices artificially by storing the oil tempo-
rarily in storage facilities.

As OPEC - and other oil-producing countries - have failed to adapt the supply of
crude oil to the stagnating demand through quotas, the consequence is the heavy
fall in prices witnessed throughout 1998.

Despite meeting several times throughout the year to address the problem, the
OPEC countries have only managed to agree on minor reductions in the supply.

Since April 1998, the aim of the OPEC countries was to reduce production by

2.2 million barrels per day on average for the rest of 1998 (Monthly Oil Repoirt,
January 1999). However, only about 70% of this target was met, because some
OPEC countries produced beyond the quotas agreed upon internally. At the same
time, the daily production from Iraq went up by about 1 million barrels in 1998
compared to 1997. In total, the OPEC countries, including Iraq, have thus succeeded
in reducing the supply of crude oil by about 0.5 million barrels per day.
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However, the OPEC countries’ total production figure is never known with certain-
ty, as they presumably carry on unofficial production and trade to circumvent the
predetermined quotas and thus secure additional export earnings.

In addition, several oil-producing countries outside OPEC, including Norway, Mexico
and Russia, have cut production by 0.5 million barrels of crude oil combined.

In the opinion of the IEA (Monthly Oil Report, December 1998), a further 1-2 million
barrel reduction per day is required if crude oil prices are to begin climbing in
earnest. These figures should be viewed on the basis of a total global daily pro-
duction of crude oil of about 75 million barrels in 1998.

FUTURE DEVELOPMENT?

It has always been difficult to make predictions about the development in the cru-
de oil price. A mere two years ago, no-one would have foreseen the dramatic fall
in the oil price experienced in 1998. It is just as difficult to anticipate develop-
ments in the years to come.

However, if the low oil price prevails for several years to come, this will probably
mean that the OPEC countries will recapture their lost market shares in the longer
term. Today, the OPEC countries in the Middle East control about 60% of global
oil reserves. These reserves are easily accessible and are therefore producible at a
far lower cost than in the rest of the world. A prolonged period with low crude
oil prices will presumably make developing new fields economically viable only
in the Middle East. Production from the rest of the world will therefore decline in
the long term.

Other factors also come into play. When the Asian economies recover, the demand
from this part of the world will grow again and thus force up the crude oil price.
In fact, the low oil price may prove an advantage for the Asian countries, as most
of them are dependent on oil imports.

At the same time, the market is waiting for the large oil-producing countries, in
particular the OPEC countries, to make the necessary cuts in production. Consid-
ering the OPEC countries’ dependence on their income from crude oil exports,
they must be expected to reach agreement, sooner or later, on the fairly moderate
measures, required to raise the crude oil price to, say, USD 20 per barrel.
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6. ECONOMY

The Danish economy benefits from the oil and gas production activities in the
North Sea. In 1998, Denmark was self-sufficient in energy for the second consecu-
tive year. The production of oil and natural gas in the North Sea is the driving
force behind this result. Oil and gas production also has a positive impact on the
Danish balance of payments and secures revenue for the state.

CRUDE OIL PRICES AND DOLLAR EXCHANGE RATE 1998

The value of the Danish oil and gas production is contingent on the development
in the international crude oil price, and thus the fluctuations in the dollar exchange
rate.

1998 was characterized by very low oil prices. The fall in the oil price that set in
towards the end of 1997 continued throughout 1998. From a price of USD 15.1
per barrel in January, the crude oil price (as quoted for Brent oil) dropped to less
than USD 10 per barrel in December. Thus, the average crude oil price for 1998
ended at USD 12.8 per barrel. This was a precipitous fall compared to 1997, when
the average oil price was USD 19.1 per barrel. The low prices are due mainly to
lower demand from the Asian countries, in the wake of the financial crisis. More-
over, the OPEC countries did not succeed in controlling prices by making agree-
ments on restrictions in the supply. The section on Fluctuations in the Oil Price
contains a more thorough analysis of the development in the crude oil price.

The average USD exchange rate was DKK 6.70 in 1998. This is a slight increase
compared to 1997, when the USD exchange rate averaged DKK 6.61. In terms of
Danish kroner, this increase compensates somewhat for the sharp drop in the crude
oil price.

SALES VALUE OF OIL AND GAS PRODUCTION

The low oil price in 1998 impacted on the total value of Danish oil and gas pro-

duction. The aggregate value of the DUC companies’ production in 1998 declined” ™

by 22% to about DKK 10.9 billion, relative to DKK 13.9 billion in 1997.

In 1997, the total sales value of Danish oil production amounted to DKK 10.3 bil-
lion, compared to DKK 3.6 billion for Danish gas production. The preliminary
figures for 1998 show that the production of oil generated proceeds for the DUC
companies of about DKK 7.6 billion, while the sales value of their gas production
is estimated at DKK 3.3 billion.

The Lulita Field came on stream in 1998. The income from production in this field
is shared equally by the DUC companies and the Statoil group; see Appendix E.
Lulita is the first field from which companies other than the DUC companies have
been able to derive earnings from oil and gas production in the North Sea. In
1998, the Statoil group’s share of income from the Lulita Field amounted to about
DKK 41 million.

The cumulative value of the oil and gas produced in the Danish part of the North
Sea since 1972 amounted to about DKK 165 billion in 1998 prices.
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Table 6.3 State Revenue over the Past Five Years, DKK million, Nominal Prices

1994 1995 1996 1997 1998*)
0 0 0 0 0
1,106 1,043 1,408 1,743 1,599
670 663 944 1,097 861
281 271 393 444 310
2,057 1,977 2,745 3,284 2,770

Assessed amounts  *) Estimate

Fig. 6.4 Taxes and Duties, DKK billion, 1999-2012,  As expected, Fig. 6.4 shows that in the somewhat longer term, tax revenue will
1998 Prices decline in step with the expected downward trend in production.

bn. DKK

49 This outlook may well change. The fact that the Minister for Environment and

Energy awarded 17 new licences in the Fifth Licensing Round in the summer of

1998 ensured that a large area of the Danish subsoil will be subjected to thorough

exploration. This improves the chances of the licensees making new commercial

discoveries.

As the DUC companies are no longer the only companies producing oil and natural

gas from the North Sea, in the years to come the Danish state will also receive tax

0 " e P payments from two different Statoil groups (the Lulita Field and the Siri Field) and
from the Amerada Hess group (the South Arne Field). Appendix A shows the com-

— Increasing Price Scenario position of these groups. As a licensee, the state-owned company, Dansk Olie og

~w Constant Price Scenario . . . .
nart Gas produktion A/S, will share the production proceeds from the three new fields.

Corporate tax

Although production from the North Sea was commenced in 1972, the DUC compa-
nies did not become liable to pay corporate tax until the beginning of the 1980s.
This fact illustrates that operations in the oil and gas sector require major invest-
ments that are not recouped for many years. Fig. 0.3 shows that at end-1998, state
revenue from corporate tax payments totalled approx. DKK 14.8 billion in 1998
prices. With effect from 1 January 1999, the corporate tax rate was reduced to 32%.

Hydrocarbon tax

Hydrocarbon tax was introduced by a Parliamentary Act in 1982. The objective of
the Act was to levy a special tax on high profits, particularly during periods with
high oil prices. In addition, the Act provides an incentive for the oil and gas pro-
ducing companies to reinvest their profits in further exploration and development
activities. Hydrocarbon tax only became payable for a few years during the first
half of the 1980s, with total hydrocarbon tax payments amounting to approx.

DKK 0.8 billion in 1998 prices. In light of the investments foreseen and the expect-
ed development in crude oil prices for the next few years, it must be considered
unlikely that hydrocarbon tax can be levied.

The oil pipeline tariff

DORAS owns the existing oil pipeline from the Gorm Field to Fredericia.

The users of the oil pipeline are obliged to pay the costs associated with the
establishment and operation of the pipeline, as well as a profit element of 5% of
the value of the crude oil transported. DORAS pays an annual tax to the state,
below referred to as the oil pipeline tariff, since 1992 constituting 95% of the
income from the 5% profit element.

ﬁ
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In 1998, the pipeline tariff payments made by DORAS amounted to DKK 310 million,
a 30% decline compared to 1997. Up to and including 1998, the pipeline tariff pay-
ments yielded revenue for the Danish state of about DKK 4.3 billion in 1998 prices.

5% compensatory fee

The Danish Oil Pipeline Act was amended in June 1997. The amendment stipu-
lated that any parties granted an exemption from the obligation regarding conne-
ction to and transportation through the oil pipeline are required to pay a fee to
the Danish state amounting to 5% of the value of the crude oil and condensate
comprised by the exemption. Thus, the payment of such a fee was stipulated as a
condition for exempting the Siri and South Arne Fields from this obligation.

Table 6.4 Expected State Revenue from Oil and Gas Production, DKK billion, 1998 Prices*

1999 2000 2001 2002 2003
0.0 0.0 0.0 0.0 0.0
©.0) ©.0) ©.0) ©0.0) 0.0)
09 0.8 07 08 07
0.9) ©0.8) .1 (1.4) (1.6)
06 0.7 06 06 05
©0.6) ©0.7) ©0.8) ©0.8) ©0.8)
0.4 0.4 0.4 03 03
0.4 ©0.4) 0.4) 0.4) ©.4)
19 19 17 17 15
(1.9) 1.9) 2.3) 2.6) 2.8)

* Assessed amounts () Based on increasing oil prices  **) Including 5% compensatory fee
A s R
2

Royalty

The royalty payable under A.P. Mgller's Sole Concession of 8 July 1962 amounts to
8.5% of the total value produced, after deducting the cost of transporting the oil. The
deductible transportation costs also include the 5% profit element. The royalty pay-
able for any one year is based on the preceding year's production. In June 1998, the
DUC companies made royalty payments of about DKK 1,097 million on production
in 1997. Based on the 1998 production figure, the Danish Energy Agency expects
that royalty payments of about DKK 860 million will be made in June 1999.

The Statoil group also pays royalty on its share of production from the Lulita Field.
The percentage of royalty payable depends on the total value produced. In 1998,
total royalty payments of about DKK 1.3 million were made.

Since 1972, a total amount of about DKK 11.4 billion in 1998 prices has been paid
by way of royalty on the oil and natural gas produced from the North Sea.

THE FINANCES OF THE LICENSEES

Companies carrying on oil and gas production activities run a great risk in the
exploratory phase. Exploration for commercial oil and gas accumulations involves
exorbitant costs, and it is uncertain whether the investments made will yield any
return. On the other hand, if discoveries are made, the production phase offers
large earnings potential, even though it also involves major construction and ope-
rating costs.



















H
L

HEALTH,

SAFETY AND THE ENVIRONMENT

licence terms is monitored through random checks made on the installations work-
ing in the sector.

Thus, for mobile installations operating in the Danish sector for prolonged periods,
supervisory work consists mainly of monitoring compliance with conditions pre-
viously set. However, when such mobile installations are moved to new locations,
the new location must be sure to present no safety hazards resulting from untoward
interaction with other installations.

In connection with issuing permits for the use of installations not previously
brought into agreement with Danish rules and regulations, major problems may
arise because international regulations focus primarily on the most significant safe-
ty aspects, such as the buoyancy of the installations, their power supply and life-
saving equipment, while they place less emphasis on accommodation facilities and
the layout of industrial workplaces. Therefore, compliance with Danish regulations
may require major alterations to the installations. In such cases, the public authori-

ties will consider, taking into account the duration of the operations, and the gen-
eral health and safety conditions on board the installation, whether the activities
contemplated can be implemented under satisfactory conditions in another way.

In 1998, Dansk Naturgas A/S established a new gas pipeline connecting the fields
in the North Sea to shore. The pipeline was installed by the pipe-laying barge
Castoro Sei. The accommodation and working areas underwent major improve-
ments before the pipe-laying barge was permitted to operate in the Danish sector.
At the same time, restrictions limiting the number of persons allowed on board
were agreed upon in order to curb the number of departures from Danish rules
and regulations, which allow a maximum of two persons per cabin.

Statoil began installing Europipe 11, a pipeline traversing the Danish sector, in

1998. The installation of this pipeline has been planned for a number of years, and
the plan provided for the use of the newly built pipe-laying barge Solitaire. While
the barge was being built, ALLSEAS, the company operating Solitaire, held regular
discussions with the Danish Energy Agency, thus ensuring compliance with Danish
rules and regulations from the initial stage of construction. Consequently, the

Danish Energy Agency did not hesitate to grant permission for the use of Solitaire.

However, unforeseen difficulties arose during the running-in of Sofitaire, and the
barge was unable to complete the installation of Europipe II in the Danish sector
within the time limit set. Therefore, as a relief measure, the Danish Energy Agency
approved the use of Cuastoro Sei to lay the remaining part of Europipe II in the
Danish sector.

Maersk Olie og Gas AS employed the drilling rigs Meersk Endeavour, Mceisk Exer-
ter, Noble Byron Welliver and Transocean Shelf Explorer throughout 1998. Under
the supervision of Danop and the operator, Amerada Hess, the drilling rig
Kolskaya drilled production wells in the South Arne Field for the whole of 1998.
Likewise, since mid-1998 the drilling rig Noble George Sauvageau has been per-
forming drilling operations for Statoil in connection with the development of the
Siri Field. Finally, the drilling rig Glomar Adriatic VI drilled two exploration wells
for Danop and Statoil, respectively. The permission to use Glomar Adriatic VI was
granted after a major expansion and enhancement of the accommodation facilities
had been completed and the working environment at exposed workstations had
been improved.
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approval of such a project submits the information required for making the assess-
ment. The environmental impact assessment must have been carried out before
any approvals are granted under the Subsoil Act. No general rules were prepared
for the submission of environmental impact assessments in connection with the
amendment of the Subsoil Act.

In 1997, the EU Council Directive underwent certain changes, which do not affect
the tenor of the Directive. The changes appear from Council Directive 1997/11/EC,
and must be implemented in 1999. The amendments made to the Subsoil Act in
1995 authorized the Minister for Environment and Energy to lay down more de-
tailed regulations as to which projects are to be comprised by the Act and which
minimum information and investigations are required to make an environmental
impact assessment. In addition, the Minister may lay down regulations regarding
the notification and consultation of the public as well as the authorities and orga-
nizations concerned.

The changes following from the Directive have already been put to use for projecté
in the Danish part of the North Sea, as the companies in charge of developing the
Siri and South Arne Fields have made environmental impact assessments for both
field developments according to the rules laid down in the amended Directive. These
environmental impact assessments were prepared in close cooperation between the
energy and environmental authorities and the oil companies, and a reference group
was set up, composed of representatives of the Danish Energy Agency, the National
Forest and Nature Agency and the Danish Environmental Protection Agency, which
monitored the work and offered advice to the companies.

Likewise, a reference group was appointed in connection with Dansk Naturgas
A/S’ preparation of an environmental impact assessment for the gas pipeline con-
necting the South Arne Field with the west coast of Jutland. As the gas pipeline
was to continue over land, the reference group also cooperated with the authoriti-
es in Ribe County.

The amendments to the Danish Continental Shelf Act introduced in 1997 also in-
cluded a provision aimed at implementing the above-mentioned Council Directive,
so that projects for the installation of pipelines to transport hydrocarbons across

the Danish continental shelf and to transport hydrocarbons over the continental
shelf to the Danish coast can be subjected to an environmental impact assessment.

On this basis, the environmental effects of establishing Europipe Il were assessed,
the first environmental impact assessment made for a pipeline transporting hydro-
carbons in transit across the Danish continental shelf.

New Notification Procedure

According to the new procedure for giving the public an opportunity to express
an opinion, the Danish Energy Agency must insert a notice in three national news-
papers, announcing that an environmental impact assessment has been made for
the development of a specific field, and that the environmental impact assessment
will be made available to the public at five of Denmark’s largest libraries for the
following two-month period. In addition, a non-technical summary can be obtained
from the Danish Energy Agency.
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INTERNATIONAL COOPERATION

As part of the international cooperation on health and safety on offshore installa-
tions in the North Sea, the Danish Energy Agency held meetings with the super-
visory authorities of the relevant countries in 1998.

The Danish Energy Agency also participated in cooperation within the North Sea
Offshore Authorities Forum (NSOAF) on safety training and issues concerning
mobile offshore installations.

NSOAF completed the pilot project initiated in 1997 for the purpose of clarifying
the potential advantages of having the public authorities jointly supervise the
owners of mobile offshore installations and their facilities. The results of this pro-
ject, which was aimed towards the drilling contractor Noble Drilling, which has
activities in the Netherlands, UK, Norway and Denmark, were positive, both from
the authorities” and industry’s point of view. Consequently, at their annual meeting
in April 1998, the member states of NSOAF decided to launch a new, joint super-
visory project, this time focusing on maintenance systems on drilling rigs. This
project is expected to be completed in the summer of 1999.

As far as safety training is concerned, there is every indication that the North Sea
countries will agree on reciprocal recognition of their basic safety training. The
parties involved in this work include the international association of operators,
E&P Forum, and the International Association of Drilling Contractors, IADC.

The Danish Energy Agency also continued its work under the auspices of the
Safety and Health Commission for the Mining and Other Extractive Industries
under the EU Commission (SHCMOED.

In cooperation with the Danish Environmental Protection Agency, the Danish
Energy Agency dealt with environmental issues through its participation in the
Paris/Oslo Commission’s Offshore Forum (GOP) and as a member of the Commis-
sion’s working group on Sea-Based Activities (SEBA).
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Operator

Odin Energi ApS
Licence granted 15 September 1997 (Open Door)
Blocks 5512/2; 5612/30
Area (km?) 406.8

Operator CLAM
Licence granted 15 June 1998 (5th Round)
Blocks 5505/1, 5, 6
Area (km?) 285.5

Operator CLAM

Licence granted 15 June 1998 (5th Round)
Blocks 5605/18, 19, 22, 23
k"f;Area (km?) 2319

Operator

Marathon
Licence granted 15 June 1998 (5th Round)
Blocks 5605/28; 5605/32
Area (km?) 216.4

Operator Phillips
Licence granted 15 June 1998 (5th Round)
Blocks 5604/26, 27, 30, 31; 5504/2, 3
Area (km?) 604.4

Operator Phillips
Licence granted 15 June 1998 (5th Round)

L. Blocks 5603/24, 28; 5604/21, 25

- __/Area (km?) 2326

Operator Phillips
Licence granted 15 June 1998 (5th Round)
Blocks 5504/1, 2; 5604/29
Area (km?) 213.8

Marathon Petroleum Denmark, Ltd
Dansk Olie- og Gasproduktion A/S

Odin Energi ApS
Dansk Olie- og Gasproduktion A/S

80.000
20.000

CLAM Petroleum Danske B.V.
Dansk Olie- og Gasproduktion A/S

80.000
20.000

CLAM Petroleum Danske B.V.
Dansk Olie- og Gasproduktion A/S

80.000
20.000

80.000 .
20.000

Phillips Petroleum International Corporation Denmark 30.000
Saga Petroleum Danmark AS 25.000
Veba Oil Denmark GmbH 25.000
Dansk Olie- og Gasproduktion A/S 20.000

Phillips Petroleum International Corporation Denmark 30.000
Saga Petroleum Danmark AS 25.000
Veba Oil Denmark GmbH 25.000
Dansk Olie- og Gasproduktion A/S 20.000

Phillips Petroleum International Corporation Denmark

Saga Petroleum Danmark AS 25.000
Veba Oil Denmark GmbH 25.000
Dansk Olie- og Gasproduktion A/S 20.000

Operator Enterprise, Danop is co-operator
Licence granted 15 June 1998 (5th Round)
Blocks 5505/1,2,3,6,7,10
Area (km?) 583.4

Operator Kerr-McGee
Licence granted 15 June 1998 (5th Round)
Blocks 5605/18, 19
Area (km?) 359.1

Enterprise Oil Denmark 60.000
Denerco Oil A/S 20.000
Dansk Olie- og Gasproduktion A/S 20.000

Kerr-McGee Denmark Ltd 40.000
ARCO Denmark Limited 40.000
Dansk Olie- og Gasproduktion A/S 20.000
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Regnar

Nils

Block 5505/17

Sole Concession
Meersk Olie og Gas AS
1979

1993

1

45 m

8 km?

1,700 m

Chalk and Carbonates
Upper Cretaceous

and Zechstein

0.1 million m3
0.0 billion Nm?3

0.77 million m3
0.05 billion Nm?
1.51 million m?

0.04 million m3
0.00 billion Nm3
0.41 million m3

DKK 0.2 billion

REVIEW OF GEOLOGY

The Regnar Field is an anticlinal structure, induced through Zechstein salt tectonics.
The structure is heavily fractured, resulting in favourable reservoir conductivity
(compare Skjold, Rolf, Dagmar and Svend).

PRODUCTION STRATEGY

Production in the Regnar Field is carried on from a vertical well drilled in the
crest of the structure. The oil is forced towards the production well by water
flowing in from the water zone. The production strategy is to displace and pro-
duce as much of the oil as possible from the tight part of the formation, the
matrix.

PRODUCTION FACILITIES
The Regnar Field has been developed as a satellite to the Dan Field. Production

takes place in a subsea-completed well. The hydrocarbons produced are conveyed
by pipeline in multi-phase flow to Dan FC for processing and export ashore.

The well is remotely monitored and controlled from the Dan FC platform.
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Gorm

Vern

Blocks 5504/15 and 16
Sole Concession
Maeersk Olie og Gas AS
1971

1981

32 (10 horizontal)

2

14 (9 horizontal)

39m

12 km?

2,700 m

Chalk

Danian and

Upper Cretaceous

15.3 million m3
2.0 billion Nm?

33.55 million m3
4.26 billion Nm3
15.27 million m?

8.06 billion Nm3
41.50 million m3

2.86 million m3
0.61 billion Nm3
3.18 million m?

0.02 billion Nm3
8.38 million m3

DKK 9.5 billion

APPENDIX E )

REVIEW OF GEOLOGY

Gorm is an anticlinal structure partly due to Zechstein salt tectonics. A major
fault extending north-south divides the field into two reservoir blocks. The
western reservoir block is intersected by numerous, minor faults.

PRODUCTION STRATEGY

In 1989, water injection was initiated in the reservoir. Oil production from the
tield is based on extending the use of water injection to the whole field. In the
western reservoir block, oil is recovered from the mid-flank areas of the reser-
voir, with simultaneous water injection in the flanks. In a later phase, recovery
will be moved towards the crest of the structure, while water injection will be
initiated in the areas where oil was produced previously. In the eastern reservoir
block, oil is recovered from the mid-flank areas of the reservoir, with simultane-
ous water injection in the water zone under the reservoir. The recovery of oil is
optimized by flooding the largest possible reservoir volume with as much water
as possible.

If gas exports to Tyra are interrupted, the gas is injected into the Gorm Field.

PRODUCTION FACILITIES

The Gorm Field consists of two wellhead platforms (Gorm A and Gorm B), one
processing/accommodation platform (Gorm C), one gas flare stack (Gorm D),
one riser/booster platform (Gorm E), owned by Dansk Oliergr A/S, and one
combined wellhead/processing/booster platform (Gorm F).

Gorm receives production from the satellite fields, Skjold, Rolf and Dagmar. The
Gorm Field installations supply the Skjold Field with injection water and lift gas
and the Rolf Field with lift gas. Most of the gas produced is sent to Tyra East.
The stabilized oil from the processing facilities at the Dan, Tyra and Gorm Cen-
tres is transported ashore via the booster platform Gorm E.

The processing facilities on the Gorm C platform consist of an oil stabilization
plant, where the oil from the Rolf Field is processed, plants for the final proces-
sing of gas and for purifying the water produced, as well as facilities for proces-
sing and compressing the gas produced.

The processing facilities on the Gorm F platform consist of two oil stabilization
plants, one receiving the sour oil and gas from the Dagmar Field, and the other

receiving the production from the Gorm and Skjold Fields.

The Gorm F platform houses wellhead compression facilities to reduce the well-
head pressure in the Gorm and Skjold wells.

The water-injection capacity at the Gorm Centre constitutes about 17 million m?
per year (300,000 bbls per day).

There are accommodation facilities on the Gorm C platform for 98 persons.
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Rolf

Middle Rosa

Blocks 5504/14 and 15
Sole Concession
Marsk Olie og Gas AS
1981

1986

2

34 m

8 km2

1,800 m

Chalk and Carbonates
Danian, U. Cret.

and Zechstein

0.6 million m3
0.0 billion Nm3

3.65 million m?
0.15 billion Nm?
3.36 million m?

0.09 million m3
0.00 billion Nm?
0.41 million m3

DKK 0.9 billion

REVIEW OF GEOLOGY

Rolf is an anticlinal structure created through Zechstein salt tectonics. The chalk
reservoir is heavily fractured resulting in highly favourable reservoir conductivity
(compare Skjold, Dagmar, Regnar and Svend).

PRODUCTION STRATEGY

Production from the Rolf Field takes place from two wells drilled in the crest of
the structure. The oil is forced towards the producing wells by the water flowing
in from an underlying water zone. The natural influx of water from the water
zone corresponds to the volume removed due to production in the central part
of the structure. To date, it has not been found necessary to add energy to the
reservoir by water injection.

PRODUCTION FACILITIES
The Rolf Field is a satellite development to the Gorm Field with an unmanned
wellhead platform.

The production is transported to the Gorm C platform for processing. Rolf is
supplied with lift gas from the Gorm Field.
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Dagmar

East Rosa

Block 5504/15

Sole Concession
Mersk Olie og Gas AS
1983

1991

2

34 m

9 km?

1,400 m

Chalk and Carbonates
Danian, U. Cret.

and Zechstein

0.1 million m3
0.0 billion Nm3

0.97 million m3
0.15 billion Nm?
2.71 million m3

0.01 million m3
0.00 billion Nm?
0.34 million m?

DKK 0.4 billion
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REVIEW OF GEOLOGY

The Dagmar field is an anticlinal structure, induced through Zechstein salt tecton-
ics. The uplift is so pronounced that the Dagmar reservoir is situated closer to
the surface than any other hydrocarbon reservoirs in Danish territory. The reser-
voir is heavily fractured (compare Skjold, Rolf, Regnar and Svend). However, the
water zone does not appear to be particularly fractured.

PRODUCTION STRATEGY

Initially, the oil production rates were high in the Dagmar Field, but it has not
been possible to sustain the good production performance characterizing the
Skjold and Rolf Fields.

PRODUCTION FACILITIES

The Dagmar Field is a satellite development to Gorm including one unmanned
production platform of the STAR type. The unprocessed production is transport-
ed to the Gorm F platform in the Gorm Field, where special facilities for hand-
ling the sour gas from the Dagmar Field have been installed. The relatively small
amount of gas produced from Dagmar is flared due to the high content of
hydrogen sulphide.
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Tyra

Cora

Blocks 5504/11 and 12

Sole Concession

Meaersk Olie og Gas AS

1968
1984
38 (22 horizontal)

20

37-40 m

90 km2

2,000 m

Chalk

Danian and
Upper Cretaceous

5.6 million m3
46.9 billion Nm3

16.65 million m3
29.29 billion Nm?3
12.34 billion m3

17.21 billion Nm3

0.93 million m?
0.73 billion Nm3

2.07 million m3

2.91 billion Nm3

DKK 20.3 billion

REVIEW OF GEOLOGY

The Tyra Field is an anticlinal structure created by tectonic uplift. The accumula-
tion consists of free gas containing condensate, overlying a thin oil zone. A pro-

nounced permeability barrier covering a large part of the reservoir separates the

Danian chalk layers from those of Upper Cretaceous age. The reservoir is slightly
fractured.

PRODUCTION STRATEGY

As far as natural gas supplies are concerned, the Tyra Field acts as a buffer, so
that if the other Danish oil and gas fields do not produce sufficient gas to meet
the contractual obligation to supply gas to Dansk Naturgas A/S, the balance is
supplied from the Tyra Field.

Excess production capacity in the Tyra Field is used to reinject produced gas,
thereby increasing the recovery of liquid hydrocarbons.

Attempts are made not to deteriorate condensate and oil production conditions by’
reducing the reservoir pressure in the gas zone at too early a stage. Increased gas
production from the other fields, in particular the Harald and Roar gas fields,

meets the objective of optimizing the recovery of liquid hydrocarbons from the
Tyra Field.

PRODUCTION FACILITIES
The Tyra Field installations comprise two platform complexes, Tyra West (TW)
and Tyra East (TE).

Tyra West consists of two wellhead platforms (TWB and TWC), one processing/
accommodation platform (TWA) and one gas flare stack (TWD), as well as a
bridge module installed at TWB and supported by a four-legged jacket (TWE).
The Tyra West processing facilities include plant for pre-processing oil and con-
densate production from the wells at Tyra West. Moreover, the Tyra West complex
houses processing and compression facilities for the injection and/or export of gas
and processing facilities for the water produced. Oil and condensate are transport-
ed to Tyra East for final processing. The Tyra West facilities have the compression
capacity to inject about 21 million Nm? of gas per day into the Tyra Field. Gas is (0

injected from both Tyra East and Tyra West.

Tyra East consists of two wellhead platforms (TEB and TEC), one processing/
accommodation platform (TEA), one gas flare stack (TED), and one riser platform
(TEE), as well as a bridge module supported by a STAR jacket (TEF). The Tyra
East complex includes facilities for the final processing of gas, oil, condensate and
water. The bridge module houses the facilities for receiving and handling pro-
duction from the Valdemar, Roar and Svend Fields, as well as the Harald Centre.

The two platform complexes in the Tyra Field are interconnected by pipelines in
order to generate the maximum operational flexibility and reliability of supply.
The oil and condensate produced at the Tyra Centre are transported to shore via
Gorm E, while the gas produced at the Tyra Centre, together with the gas produc-
tion from the Dan, Gorm and Harald Centres, is transported to shore via the TEE
platform.

Tyra East has accommodation facilities for 96 persons, while there are accommo-
dation facilities for 80 persons at Tyra West.
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pipeline tariff. Matters concerning unitization. Geological evaluations and reservoir
engineering. Preparing analyses, evaluating the potential and making forecasts of
Danish oil and gas reserves. Evaluating commercial viability, including work on
energy plans. Considering political and administrative issues related to DOPAS.
Advising the Bureau of Minerals and Petroleum (BMP) under the Greenland Home
Rule Authority on legal and technical issues. Responsibility for the Danish Energy
Agency’s oil/gas-related system exports. Advising the BMP for Greenland on other
issues falling within its area of expertise.

The Eleventh Division: Safety in the Oil/Gas Sector

Head of division: Uffe Danvold

Activities concerning safety, working environment and other environmental issues
under the provisions of the Danish Act on offshore Installations, the Subsoil Act
and the Continental Shelf Act. Approving mobile and fixed installations as well as
pipelines. Supervising the safety, working environment and other environmental

aspects of offshore installations and pipelines, as well as monitoring drilling ope-
rations in terms of safety. Approving and supervising manning tables and organiza-
tional charts, as well as undertaking the tasks related to membership of the Action
Committee, the Coordination Commiittee and the Average Commission for Off-
shore Installations. Monitoring supplies conveyed through the transmission
systems belonging to Dansk Naturgas A/S and supervising the technical safety
aspects of the gas storage facilities established by Dansk Naturgas A/S. Conside-
ring political and administrative issues related to DORAS and the Danish Oil Pipe-
line Act. Moreover, the division draws up regulations in this area. Advising the
BMP under the Greenland Home Rule Authority on legal and technical issues.

The Seventh Division: Heat Supply, the Natural Gas Project and DONG

Head of division: Thomas Bastholm Bille

Matters concerning the DONG group and the regional natural gas companies. The
financial, legal, technical and organizational matters related to the implementation
of the natural gas project. Parliamentary Acts on natural gas supplies. Matters con-

cerning the purchase and export of natural gas. Activities under the provisions of
the Danish Heat Supply Act. Expanding decentralized combined heat and power
systems and using environmentally friendly energy sources. Legal/administrative
and financial issues. Approving projects and hearing appeals under the Heat
Supply Act. The Danish Act on Subsidies for the Generation of Electricity. Agenda
21 planning and work on the ‘Brundtlandby’ project.

The Ninth Division: Greenland

Head of division: Uffe Strandkjer

Governmental tasks related to the work of the Joint Committee on Mineral Resources
in Greenland. Advising the Danish members of the committee on exploration and
production of mineral resources in Greenland. Assisting with the preparation of
legislation and agreements in this area. Advising/assisting the Bureau of Minerals

and Petroleum for Greenland.

The Fifteenth Division: Research and Development

Head of division: Henrik Andersen

National and international activities regarding energy research. The national activi-
ties include administering energy research programmes, research policy proposals
and statements, as well as acting as the secretariat of the Advisory Oil and Natural
Gas Research Committee. The international activities relate mainly to the EU re-
search programmes, the [EA and the Nordic Energy Research Programme.
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