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Foreword

The report Oil and Gas in Denmark 1989 pro-
vides a review of hydrocarbon exploration and
production activities. It is prepared by the Da-
nish Energy Agency, and the English version is
now published for the third time.

Included are the latest five year and twenty year
production forecasts for oil and gas as well as the
Reserves Assessment of Danish hydrocarbons
per January 1st, 1990.

In addition to this, the perspectives are illustra-
ted for further hydrocarbon recovery from the
Danish fields, which for geological reasons are
very difficult to exploit.

Exploration activities during 1989 have been in-
fluenced by the negotiations following the 3rd
Danish Licensing Round, which resulted in allo-
cation of 12 exploration licences.

The Agreement in Principle on increased gas
deliveries was signed in early 1989 between the
Danish Underground Consortium and Dansk
Naturgas A/S. Among other things the Agree-
ment provides the basis for exploitation of the
gas fields Harald and Roar,

Development activities of the oil fields Dagmar,
Kraka and Valdemar were progressing during
1989, with drilling of several production wells.
The producing fields are characterized by a high
level of activity as well. At Dan drilling of a num-
ber of horizontal wells has been continued, at
Gorm a water injection project has been imple-
mented, and at Tyra a horizontal gas well has
been completed. At Skjold an extension of the
water injection project is under implementation.

Oil and gas production have increased compared
to last year. The rate of self-sufficiency of hydro-
carbons now constitutes 82%, or 49% in relation
to the total energy consumption. In 1973, the year
of the first oil crisis, the rate of self-sufficiency
was a mere 2%. Within the coming years, the
Danish hydrocarbon production and the rate of
self-sufficiency as such is expected to increase.

Copenhagen June, 1990

Erik Lindegaard /Q
Director




Conversion Factors

Conversion Factors

1 m® Crude Oil = 0.85 ton = 35.9 GJ Nm?® (Normal cubic metre)
1 m® Motor Gasoline = 0.71 tons = 43.8 GJ at 0°C, 101.325 kPa
3 .
1 m® Middle Distillate = 0.84 tons = 42.7 GJ Sm® (Standard cubic metre)
at 15°C, 101.325 kPa

1 m® Heavy Fuel Oil = 0.98 tons == 40.4 GJ )

, SCF (Standard cubic metre),
1 Barrel = 0.159 m at 15.6°C, 101.56 kPa

1.000 Nm® Natural Gas = 37.239 scf = 39.0 GJ

1.000 Sm® Natural Gas = 1 t.o.e. (ton oil
equivalent)

1 Nm® = 1.055 Sm’
1 ton Steam Coal == 25.2 GJ
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Organisation

Fig. 1.1 Organisation of the Danish Energy Agency
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Organisation

The Energy Agency was the subject of reorgani-
sation during early 1989 resulting in changes in
the allocation of fields of responsibility between
the Ministry of Energy and the Energy Agency.

Hence a number of tasks previously administered
by the Ministry was transferred to the Agency,
i.e. including the administration and coordina-
tion of research and development projects and
the entire technical administration with regard to
oil and gas field development. Furthermore the
Agency assumed full responsibilities with regard
to heat production planning and tasks dealing
with professional and export promotion, energy
saving and environmental issues, including the
pursuance of the Brundtland Report.

The changed allocation of responsibilities was
issued by the Ministry of Energy in the announ-
cement No. 420 of June 15th, 1989.

In line with the continued efforts of rationalisa-
tion and cost saving the previous 3rd Division
was discontinued and its work tasks transferred
to the 2nd and 13th Divisions respectively.

The current organisation of the Energy Agency
comprises 12 divisions whereof 6 Divisions are
engaged in the exploration and production of oil
and gas, i.e. the 2nd and the 4th-8th Divisions
respectively.

The allocation of areas of responsibility of these
six Divisions is summarised as follows:

The 2nd Division Research and Development

Planning and administration of projects under
the Energy Research Programme and the finan-
cial support programmes for the development of
energy technologies; acts as secretariate to the
Hydrocarbon Committee and the Advisory Energy Re-
search Board; participates in a number of inter-
national activities in this context.

The 4th Division Energy Economics and Plan-
ning

Adpvises on general economic conditions, herein-
under provision of economic valuations and basis
for economic calculations and predictions, in-
vestment rates and profiles, prognoses and fore-
cast analyses. Assumes responsibility for econo-
mic and administrative assignments in conjunc-
tion with the exploration and production of oil
and gas in Denmark.

The 5th Division Exploration

Exploratory surveys, drilling supervision, dril-
ling programmes and approvals and pursuance of
drilling results and activities; licence awards, in-
cluding recommending licensing strategy; parti-
cipation and advisory functions in conjunction
with licence negotiations.

The 6th Division Production

Hydrocarbon resources, reservoir engineering
and geological assessments in conjunction with
evaluations of commercial viability and develop-
ments plans; supervision of the current oil and
gas production; reviews and updates field reser-
ves, production and production forecasts.

The 7th Division Safety and Working Environ-
ment

Supervision of working environment issues with
regard to permanent and mobile offshore instal-
lations; approves manpower and organisations
plans; approves maritime construction and in-
stallation, including operation and maintenance
of steel structures and equipment; approves the
operation and installation of new processing faci-
lities.

The 8th Division Legal and Supervision

Legal and administrative assignments, including
legislation and guidelines, licence commitments,
the utilisation and tariffs pertaining to the oil
pipeline and the settlements of royalty and fees;
acts in the function as secretariate to the Coordi-
nation, Action and Emergency Committees respec-
tively.







Exploration

The exploratory activities was marginally impro-
ved in 1989 as compared to the ten year low in
1988.

The closing of the Danish 3rd Round took place
in December, 1989. Twelve new exploration li-
cences were awarded by the Minister of Energy.

Rights for the exploration and production of hy-
drocarbons in Denmark are granted by the Mini-
ster of Energy in pursuance of the Danish Subsoil
Act of 1981. Licence rights adhere to specific geo-
graphically defined areas and may be awarded for
the combined activity spanning from reconnais-
sance to production or for isolated, closely speci-
fied exploratory programmes.

A review of the Licence Groups which retained
rights for exploration and production in Den-
mark at the end of 1989 is included in Appendix
A. A concession map highlighting the location of
the pertaining licence areas is enclosed with this
report (Appendix F).

Seismic Surveys

A total of 3,188 km of marine seismic data was
collected in Denmark during 1989. With the ex-
ception 0f 390 km of nonexclusive data the remai-
ning acquisition was conducted on an exclusive
basis in conjunction with ongoing exploration
and production. Two 3D surveys and a limited
scientific programme in the Kattegat area were
included in this activity.

The combined seismic activity declined in 1989
as compared to 1988. Part of the reason for this
decline is related to the completion already in
1988 of the work programmes under the 2rd
Round. The seismic work under the 3rd Round
awards can only be initiated during 1990, i.e.
comprising 2,260 km of 2D data and 3D acquisi-
tion covering 197 km®.

The seismic acquisition during 1989 was conduc-
ted without interference with other activities.

Appendix C summarises the seismic surveying
during 1989.

Fig. 2.1 Annual Seismic Survey Activities 1980-1989
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The Gas Storage Project

The technical investigations with regard to the
feasibility of the natural gas storage project at
Stenlille were continued during 1989. Work ac-
tivities included studies on the sealing capacity
of the formation overlying the sand reservoir sto-
rage. Furthermore the injectivity and producti-
vity characteristics of the sand reservoir were
evaluated. In conjunction with this work 15 mil-
lion cubic metres of nitrogen and natural gas
were injected into the reservoir during 1989.
Following the performance of a production test
the technical investigations will be completed in
April, 1990. Further work is contingent on the
decision whether to implement this gas storage
facility.




Exploration

Drilling Activities

Four exploratory wells were terminated during
1989. Towards the end of the year Mzrsk Olie og
Gas A/S spudded a delineation well at Gert, i.e.
well Gert-4. In accordance with the drilling pro-
gramme Gert-4 will be suspended with a view to
later tie-in and production.

Totally 14 production wells were drilled and
completed during 1989, i.e. ten wells in the areas
of producing fields and four wells in areas of
current development. Of these 14 wells eight
were horizontal wells, i.e. three at Dan, one at
Tyra and two at Kraka and Valdemar respec-
tively. The production drilling is further high-
lighted under the section Production.

Seven jack-up drilling rigs were utilised in con-
junction with the above drilling activity, i.e.
Mzrsk Endeavour, Marsk Guardian, Glomar
Baltic, Glomar Moray Firth, Neddrill Trigon,
Shelf Driller and West Sigma. The total drilling
time corresponded to 42 string months. Danish
exploratory and appraisal wells are compilated in
Appendix B.

Fig. 2.2 Exploration and Appraisal Wells 1980-1989
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Fig. 2.3 Production Wells 1980-1989
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Exploratory Wells

The following exploratory wells were terminated
in 1989.

Stina-1 5414/07-1

Well Stina-1 was drilled between June-July, 1989
by Amoco, Denmark south of the island of Born-
holm within the licence area awarded to the
Amoco Group under the 2nd Round. Total depth
was reached at 2,842 m in the Lower Paleozoic.
The well was subsequently plugged and abando-
ned.

Pernille-1 5514/30-1

Well Pernille-1 was drilled by Norsk Hydro west
of the island of Bornholm between April-June,
1989 under the work commitments of the 2nd
Round. The well reached total depth at 3,588 m
in Lower Paleozoic strata and was subsequently
plugged and abandoned. Well Pernille-1 was the
first exploratory well drilled in the Danish part of
the Bornholm area.




Exploration

Falk-1 5504/06-3

Well Falk-1 was drilled between July-September,
1989 by Amoco, Denmark in the Central Graben
licence area awarded to the Amoco Group under
the 1st Round. Total depth was reached in the
Triassic at 4,200 m. Presence of hydrocarbons
was detected while drilling, however the well was
plugged and abandoned without testing.

Tordenskjold-1 5503/03-2

Well Tordenskjold-1 was drilled by the Dansk
Operaterselskab I/S on behalf of the Norsk Hy-
dro Group between December, 1988 and Febru-
ary, 1989. The well was drilled under the work
commitment of the 2nd Round. Total depth was
reached at 3,703 m in the Rotliegend. The well
was plugged and abandoned without previously
conducted testing. Oil shows were reported while
drilling.

Appraisal Activities

The current appraisal activity comprises the eva-
luation of the Ravn discovery, made by the
Amoco Group under the Ist Round.

Fig. 2.4 Wells in 1989
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Ravn 5504/01, 02, 05 and 06

The Ravn discovery was made in 1986 by the
Amoco Group under the Danish 1st Round Li-
cence Awards. Well Ravn-1 encountered oil be-
aring Jurassic sand; a production test confirmed
the presence of producible oil at Ravn. The ap-
praisal well Ravn-2 was subsequently drilled in
1987 and confirmed the existence of hydrocar-
bons. Well Ravn-2 was however plugged and
abandoned without a previously conducted flow
test.

The Ravn discovery is still under evaluation. An
application for a two year extension of the apprai-
sal period was forewarded by the Amoco group in
1989 and subsequently granted by the Minister of
Energy in 1990.

Boundary Delineation

An agreement between Denmark and East Ger-
many was reached in 1988 with regard to boun-
dary settlements between the two countries wit-
hin the southern and eastern Baltic Sea respectti-
vely. The agreement was ratified by East Ger-
many in 1988 and by Denmark in 1989.




Exploration

The ratified boundaries are located in the waters
south and southeast of the islands of Lolland,
Falster and Men (the western area) and in the
waters southwest of Bornholm (the eastern area).
In the western area the new boundary coincides
with the median line between the two countries;
in the eastern area (Bornholm) the boundary de-
viates from the median line due to a dispute with
regard to the Adler Bank area.

Here the boundary extends in a notch like feature
towards Bornholm, hence providing East Ger-
many with a portion of the Adler Bank. This area
gained by East Germany was compensated for by
displacing the remaining boundary to the south-
west of the median line.

Relinquishments

Part of the licence acreage awarded under the 1st
and 2nd Rounds (1984 and 1986) respectively
was relinquished in 1989.

The Amoco Group relinquished their licence acre-
age located in North and Central Jutland respec-
tively, i.e. comprising the blocks and part of
blocks 5708/30 and 31, 5608/03,07, 11,12,27 and
28, 5609/25 and 5610/17 and 21.

Fig. 2.6 Exploratory Wells and Relinquished Area
in the Central Graben 1989
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The Norsk Hydro Group relinquished part of th
licence acreage located in the northwestern p:

of the Central Graben area, i.e. comprising p.
of blocks 5503/03 and 04 and 5603/31.

The Statoil Group relinquished their licence ac
age located in Skagerrak and in South Jutla
respectively, i.e. comprising the blocks and p
of blocks 5508/31 and 32, 5707/20 and 5708,
and 18.

The Texaco Group relinquished their entire lices
area located in the southern part of the Ba
Sea, i.e. comprising the blocks and part of blo
5410/05, 06, 07, 10, 14 and 15.




Exploration

The Danish 3rd Round

On the 20th of December, 1989 the Minister of
Energy awarded 12 new concessions for the ex-
ploration of oil and gas in Denmark. The licence
rights were granted to seven of the ten groups
that forwarded licence applications to the Mini-
ster of Energy during March, 1989. The seven
groups are:

The Amoco Group

The BEB Group

The Cluff Group

The Norsk Hydro Group
The Jordan Group

The Mzrsk Group

The RWE-DEA Group

The conditions and commitments pertaining to
the individual awards are the results of negotia-
tions between the Minister of Energy and the
applicants. The Energy Agency provided geolo-
gical, technical and economic expertise and ad-
vice in conjunction with the negotiations.

Fig. 2.8 3rd Round, Licence Distribution

Revised Licence Conditions

Since the Danish 2nd Round in 1986 a number of
countries including the North Sea States revised
their concession legislation. Hence in order to
stimulate continued exploratory activity in Den-
mark the economic conditions under the licen-

sing were relaxed in conjunction with the Danish
3rd Round.

Important economic relaxations comprise:

* Exemption of royalty payments.

* Reduced state participation.

* Exemption of the profit element in the pipeline
tariff outside the Central Graben area (pre-
viously five per cent of transportation).

* Dansk Olie og Gas Produktion A/S fully or
partly participates on a shared interest basis in

concessions operated by Dansk Operatorsel-
skab 1/S.
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Licence Distribution

The 12 licence awards under the 3rd Round com-
prise 38 blocks of the 743 blocks offered.

The composition of 3rd Round licence groups are
summarised in Appendix A, the locations of the
various licence areas are shown in the enclosed
concession map.

The Amoco Group — previous licence holder under
both the 1st and 2nd Round, was awarded four
new concessions, i.e. two located in the Central
Graben area, one located offshore Bornholm and
one located along the northern flank of the Ring-
kobing-Fyn High in the North Sea. The latter
licence area comprises acreage relinquished by
the Phillips Group in 1988.

The Norsk Hydro Group — previous licence holder
under the 2nd Round, was awarded two con-
cessions within the Central Graben area, i.e.
comprising block 5603/32, relinquished by the
Phillips Group in 1988 and the previously an-
nounced hydrocarbon discoveries at Gwen, Arne
and Nora; relinquished by A.P. Meller in 1987.

The Mersk Group — was awarded one licence loca-
ted in the Central Graben area.

The BEB Group —new licence holder, was awarded
one licence in the Central Graben area located
adjacent to the A/6-B/4 hydrocarbon discovery in
the German sector. The operator, i.e. Brigitta-
Elwerath Gmbh also maintains the operatorship
of the German North Sea Consortium.

The Cluff Group — new licence holder, was awarded
one licence comprising four blocks located along
the southern flank of the Ringkebing-Fyn High in
South Jutland.

The Jordan Group — new licence holder, was awar-
ded one licence located on the northern flank of
the Ringkebing-Fyn High in Central Jutland.

The RWE-DEA Group — new licence holder, was
awarded two licences, i.e. one in the Central Gra-
ben and one located south of the island of Born-
holm.

Work Programmes

The collective work programme under the 3rd
Round awards comprises 6 well commitments
and 11 contingent wells. For comparison the 2nd
Round awards included 8 well commitments and
5 contingent wells. In addition the licence groups
have been committed to conduct required seis-
mic work, including a number of 3D surveys.

Exploratory Goals

The distribution of the Danish 3rd Round licence
areas is considered beneficial in terms of geologi-
cal spread. Hence both the northern and sout-
hern flanks of the Ringkebing-Fyn High as well as
the Bornholm area become the subject of conti-
nued exploration in addition to the Central Gra-
ben area.

Released Well Data

Generally, data and information retrieved under
the Subsoil Act are protected by a five year con-
fidentiality clause.

However, well data retrieved within relinquished
acreage under the 1st and 2nd Round awards are
released two years after the well termination
date.

Data and information of the following explora-
tion and appraisal wells were realeased in 1989.

Offshore:

Adda-3 5504/08-3 DUC
Cleo-1 5604/18-1 DUC
Elly-1 5504/06-1 DUC
Gert-1 5603/27-2 DUC
Ibenholt-1 5605/20-1 Phillips
Kraka A-3 5505/17-8 DUC
Liva-1 5503/04-1 DUC
Nils-2 5505/17-9 DUC
Nora-1 5504/02-2 DUC
West Lulu-1  5604/21-3 DUC
East Rosa-2 5504/15-4 DUC
Onshore:

Mejrup-1 5608/19-1 Phillips

Information with regard to the released well data
is provided by the Danish Geological Survey.




Production

Danish oil and gas production is maintained
from five fields located within the southern part
of the Central Graben area in the North Sea. Oil
production mainly takes place at the Dan, Gorm,
Skjold and Rolf fields, whereas gas production
takes place at the Tyra field. In addition to the
gas and condensate recovered at Tyra black oil is
produced from a thin oil rim underlying the free
gas accumulation. The entire production is own-
ed and operated by the A. P. Maller Concessio-
naires in cooperation with their partners (Shell
and Texaco) of the Danish Underground Consor-
tium (DUQ).

Oil and Gas Production, 1989

The total oil and gas production during 1989
amounted to 11.2 million tons oil equivalent
(t.o.e.), of which 8.4 million t.o.e. were trans-
ported ashore as crude oil and natural gas.

Fig. 3.1 Annual Oil Production 1980-1989

This exceeds the 1988 production by 11 per cent.
The 1989 oil and condensate production amount-
ed to 6.5 million m® (5.5 million tons), exceeding
the 1988 production by 16 per cent.

The total gas production for 1989 comprised 5.3
billion normal cubic metres (Nm?), correspon-
ding to a five per cent increase compared to 1988;
sales gas constituted 2.7 billion Nm3; 2.3 billion
Nm® were reinjected at Gorm and Tyra; the re-
maining 0.3 billion Nm® comprised gas shrin-
kage.

The total domestic energy consumption for 1989
amounted to 18.9 million t.o.e., whereof 10.3 mil-
lion t.o.e. comprised oil and gas. The rate of
self-sufficiency in relation to hydrocarbons now
corresponds to 82 per cent compared to 67 per
cent in 1988.
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Fig. 3.2 Consumption and Production of Oil
and Natural Gas 1980-1989
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The annual oil and gas production from 1972 to
1989 is shown in Appendix D together with a
survey of the monthly production for 1989. Fur-
ther the composition of the Danish energy con-
sumption from 1972 to 1989 is presented.

Gas Flaring

A small portion of the produced gas is flared as
part of the safety measures in conjunction with
operational disturbances. In 1989 total flare gas
amounted to 0.11 billion Nm’, a daily average of
0.30 million Nm®. The daily maximum gas flaring
currently permitted is 0.35 million Nm®.

Flaring exceeding the permitted rate requires ap-
proval by the Energy Agency.

0il and Condensate Recovery

The Danish oil production was previously mainly
performed through natural depletion. However,
improved oil recovery through application of gas
and water injection is becoming increasingly im-
portant. Hence a water inj ection project has been
put on stream at the Gorm Field during 1989. The
encouraging results of the water injection pro-
ject, implemented at SKj old a couple of years ago,
lead to the approval of an extension of this pro-
ject by the Minister of Energy in early 1990. The
water injection pilot project at Dan was conti-
nued during 1989.

Enhanced condensate recovery continues at Tyra
through gas recycling.

Improved well productivity has been continued
through increased application of horizontal well
completions. Currently six horizontal produc-
tion wells have been completed in the Dan Field.
In 1989 the Minster of Energy approved a revised
development plan including the drilling of ano-
ther seven horizontal wells in the Dan Field du-
ring 1990 and 1991.

The development of three new oil fields was initi-
ated in 1989, Dagmar, Kraka and Valdemar. In
accordance with the approved development
plans, oil production from these fields will be
initiated during 1991.

Fig. 3.3 Gas Flaring 1985-1 989
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Extended Gas Sales

The current gas production takes place in accor-
dance with the Gas Sales Contract of 1979 between
the Danish Underground Consortium and Dansk
Naturgas A/S. However, an Agreement in Principle
was signed in 1989 between the two parties out-
lining the general framework for extended gas
sales. A final agreement for total gas deliveries of
93 billion Nm® by DUC until the year 2011 will be
concluded not later than April 1st, 1990, superse-
ding the Gas Sales Contract of 1979 and the
Agreement in Principle of 1989.

Of the total 93 billion Nm® sales gas 63 billion
Nm® will be delivered from Tyra, Roar, Dan and
Gorm; 20 billion Nm® from Harald and 10 billion
Nm® have been allocated to DUC'’s remaining
fields.

Deliveries under the new extended Gas Sales
Contract will commence already in 1990 resul-
ting in a gradual increase in the annual sales gas
plateau rate from 2.5 billion Nm® towards 4.4
billion Nm®. In addition Dansk Naturgas A/S
retains the option to increase the plateau rate up
to 4.7 billion Nm® per year.

A joint revision of the gas reserves under the Gas
Sales Contract will take place every three years,
the first time in 1993. According to the agree-
ment, increased gas deliveries as a result of up-
ward adjustments of gas reserves can take place
through corresponding adjustments of the pla-
teau rate.

The Energy Agency has as of January 1st, 1990
assessed the gas reserves to an expected 140 bil-
lion Nm®, hence indicating ample possibility for
the inherent increase of gas delivery from the
Danish oil and gas fields.

Producing Fields

Relevant data on fields in production and under
development are summarized in Appendix E.
The Dan Field

Dan is a major oil field comprising a 100 metres
thick oil zone with a free gas cap.

Fig. 3.4 Danisk Oil and Gas Fields
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The field has been subject to continuous develop-
ment since 1972, when oil was first produced. By
the end of 1989 the production installations com-
prised three six-slot wellhead platforms (A, D
and E), two 12-slot wellhead platforms (FA and
FB) two processing platforms (B and F C)and a
gas flare stack; the produced oil is separated and
processed at the FC platform and transported to
Gorm (oil) and Tyra (gas) for export ashore. A
total of 48 wells are in production, including one
pilot water injector.

The first horizontal well was drilled and comple-
ted at Dan in 1987. The experience gained from
this project provided the basis for continued de-
velopment of Dan, and in 1988 the Minister of
Energy approved phased development of the fi-
eld based on production from further 18 horizon-
tal wells.

Phase 1 of this development is now completed
comprising the installation of five horizontal pro-
ducers during 1988 and 1989.

The production experience is encouraging and
confirms the previous indications of improved
well productivity of 200-400 per cent for the hori-
zontal wells compared to conventionall deviated
wells. Phases 2 and 3 comprise installation of an
additional wellhead platform and installation of

15
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seven and six horizontal wells respectively. Phase
2 will be implemented in 1990-1991, whereas the
work under Phase 3 is expected to be initiated
during 1992.

A water injection pilot project at Dan was initia-
ted in 1988. The purpose of the project is to
establish the feasibility of full implementation of
water flooding at the Dan Field.

Preliminary results of the pilot project are en-
couraging.

The 1989 oil production from Dan amounted to
1.47 million m® versus 1.50 million m® in 1988,
while 0.71 billion Nm® of gas was produced.

The Gorm Field

Gorm is located 27 km northwest of the Dan
Field. Oil production was initiated at Gorm in

Fig. 3.5 The Dan Complex

1981. The original development comprised twc
nine-slot wellhead platforms (A and B) attendec
by a processing platform (C) and a gas flare stacl
(D). An additional riser/booster platform (E) wa:
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In addition to the original 18 wells further tws
producers were put into production during 1988

A water injection pilot project in both reservoi
blocks was implemented in 1989. The projec
comprises three injectors and three producer
Injection water is transported to Gorm via a
inch flowline from a temporary water treatmer
plant located at Skjold. The water injection pr¢
ject is proceeding in accordance with plans. Du
ring 1990 an evaluation of the experience gaine
will be performed, aiming at an extension of tk
project.

Gas injection in the Western reservoir block h:
been continued through 1989.

Dan




Production

In order to meet the requirements of increased
production from the fields tied in to Gorm C, i.e.
Gorm, Skjold, Rolf and Dagmar, installation of a
new multi-duty platform Gorm F adjacent to the
Gorm complex was approved by the Minister of
Energy in 1989. The Gorm F platform will acco-
modate sour service processing and permanent
water treatment facilities, and it has been pre-
pared for addition of 16 wells. The platform is
designed for accomodation of future equipment
foreseen for the handling of sour production and
increasing water-cut resulting from the water in-
jection.

Installations on Gorm F will be put into opera-
tion medio 1991.

The capacity of the oil pipeline between Gorm E
and the Crude Oil Terminal at Fredericia has
been increased to 23,000 m® per day by addition
of 2 new pumping units.

In 1989 the oil production from Gorm was 1.35
million m®, mainly unchanged from 1988, while
0.89 billion Nm® gas was produced. All the pro-
duced gas was reinjected.

The Skjold Field

Skjold is located 10 km southeast of Gorm. Oil
production at Skjold was initiated in 1982. The
development comprises one unmanned wellhead
platform and temporary facilities for the treat-
ment and injection of water, mounted on an adja-
cent jack-up drilling rig. Six wells were in opera-
tion, i.e. two oil producers, three water inje. ors
and one observation well for registration of reser-
voir pressure and fluctuations in the free water
level.

A plan for further development at Skjold was
approved by the Minister of Energy primo 1990
comprising two additional producers, one water
injector and a 12 inch pipeline connecting Skjold
to the new facilities on Gorm F. The implementa-
tion of this project is expected to boost the daily
oil production rate to 8,000 m®. One producer
and the injector will be completed in 1990, the
second producer during 1991.

In 1989 the oil production from Skjold amounted
to 2.21 million m® versus 1.37 million m? in 1988.

The Tyra Field

Tyra is located 15 km north of Gorm. The field
consists of a large free gas accumulation over a
thin black oil rim. Gas production was initiated in
1984. A gas recycling project for the purpose of
enhanced condensate recovery was implemented
in 1987.

The performance of the oil production well com-
pleted in late 1988 in the southwestern part of the
field has proved very encouraging for the pro-
spects of increasing the black oil recovery from
Tyra. A plan for the continued evaluation and
development of the oil zone of the field was sub-
mitted to the Energy Agency in July, 1989. In
accordance with the plan two horizontal oil pro-
duction wells will be drilled during the first half
of 1990.

A horizontal gas producer was completed at Tyra
in 1989. The well is located within a marginal
partof the field, i.e. where the gas pay zone is thin
and hardly producible from conventionally dril-
led production wells. This is the first time a hori-
zontal gas production well completion has been
performed in Denmark.

The total 1989 gas production at Tyra correspon-
ded to 3.52 billion Nm® whereof 1.41 billion Nm?
were reinjected in conjunction with the gas recyc-
ling project. The condensate production amoun-
ted to 0.82 million m®, while the black oil produc-
tion comprised 0.23 million m®.

The Rolf Field

Rolfis located 15 km west of Gorm. Rolf is deve-
loped as a satellite to Gorm and oil production
was initiated in 1986. The development compri-
ses an unmanned wellhead platform and a two-
phase pipeline to Gorm,; oil production is main-
tained from one well. An observation well for

surveillance of pressure and water level is located
on the flank of the field.
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A restimulation of the production well during the
spring of 1989 stabilized and counteracted the
decline of the oil rate maintaining the 1989 oil
production at the 1988 level of 0.39 million m’.

Field Developments in Progress

Satellite developments of Kraka, Dagmar and
Valdemar for tie-in to the processing facilities at
Dan, Gorm and Tyra respectively, are currently
taking place.

In connection with these projects Mersk Olie &
Gas A/S has developed a simplified and cost
efficient wellhead platform, the STAR Platform.
STAR consists of a leg supported caisson acco-
modating six well conductors. The platform deck
is sufficiently spacious to allow for installation of
simple top side facilities and a helideck.

Fig. 3.6 The Gorm Complex

The lightweight construction of STAR allows in-
stallation from a jack-up drilling rig. The plat-
form is fixed at the sea bottom by driving of steel
pillars through steering devices mounted on the
supporting legs. Likewise the lift and installation
of deck and top side facilities can be performed
from the rig. Thus, the utilisation of STAR car-
ries considerable cost savings compared to con-
ventional steel jackets regarding expenditure for
construction and installation.

The Dagmar Field

Dagmar is located 10 km west of Gorm; Dagmar
was discovered in 1983 and a development plan
was approved by the Minister of Energy in
March, 1989.
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In accordance with the plan, phased develop-
ment will be applied at Dagmar. Phase 1 compri-
ses the installation of a STAR Platform, installa-
tion of separate processing facilities on a new
platform, Gorm F, and a two-phase pipeline con-
necting Dagmar to Gorm F. Two production
wells are included in the Phase 1 development.

Oil production will be initiated by July Ist, 1991.
The subsequent phases of the development are
contingent on the results of Phase 1.

Initially the sour gas will be partly utilized as fuel
on Gorm F, the remainder will be flared.

The Kraka Field

Kraka is located seven km southwest of Dan.
Kraka comprises an oil accumulation with a
small free gas cap. The discovery was made in
1966, and i 1988 the Minister of Energy approved
development of Kraka as a satellite to Dan.

The plan implies phased development of Kraka.
Phase 1 includes installation ofa STAR Platform,
tie-in to Dan via a 10 inch two phase pipeline and
the drilling of two horizontal production wells.

A template was installed on the seafloor, and two
horizontal producers were drilled and tested du-
ring 1989. Tie-back of the wells and the remai-
ning work will be performed during 1990; initia-
tion of the oil production is expected towards the
turn of 1990/1991.

The Valdemar Field

Valdemar comprises the largest hydrocarbon ac-
cumulation in Denmark with an area of approxi-
mately 200 km®. The volatile oil bearing reservoir
comprises layers of chalk and limestone of Barre-
mian age with very low permeability, which ma-
kes recovery extremely difficult.

Several discovery wells have been drilled on this
large structure including Bo-1 (1977), Boje-1
(1982) and North Jens-1 and 2 (1985). A phased
development plan for Valdemar was approved by
the Minister of Energy in 1988.

Fig. 3.7 The STAR Platform

I ]

The first phase of the development was initiated
in 1989, comprising installation ofa template and
drilling, completion and testing of a horizontal
well. A second horizontal well in the same area of
the field was initiated, but the work was dis-
continued after testing of the pilot section of the
well.

Both wells were subsequently plugged and tem-
porarily abandoned.

The results of the testing were discouraging, con-
firming the tight nature of the reservoir rock.

Phase 2 is contingent on the results of Phase 1,
including the installation of a STAR Platform,
tie-in to Tyra East via an eight inch two-phase
pipeline and drilling of two additional horizontal
producers.

In order to optimize the trajectory of the horizon-
tal section of the second well, the data obtained
from the drilling of the development wells are
currently under review. This may imply a delay of
the development work. In accordance with the
development plan oil production from Valdemar
should be initiated not later than October Ist,
1991.
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Fig. 3.7 The Tyra Complex

Tyra West

Future Field Developments

The signing of the Agreement in Principle of May,
1989 between DUC and Dansk Naturgas A/S im-
plying delivery of increased amounts of gas pro-
vides a basis for the planning of additional Da-
nish fields.

In compliance with the Agreement in Principle
the development plans for Harald, Roar, Igor,
North Arne and Adda were collectively approved
in March 1990 by the Minister of Energy with
special emphasis on the timing and phasing of
these projects. The approval furthermore pro-
vides a basis for the development of the remai-
ning fields declared commercially viable by
DUC.

According to the 1990 approval the oil fields
North Arne and Adda will be developed and
brought into production when the necessary ca-
pacity of existing and planned processing and
transportation systems is available, whereas the
development of the gas fields Roar, Harald and
Igor will be developed in accordance with the
demand for gas deliveries to Dansk Naturgas
A/S.

Tyra East

Development of the majority of the fields mentio-
ned above will not be initiated in the near future.
Therefore, further revisions and/or updates in
the approved development concepts are likely to
take place as a result of aquisition of new field
information, technical improvements or intro-
duction of new technology.

A decision with regard to the final layout of the
infrastructure within the northern part of the
Danish Central Graben area has not yet beer
taken. Current considerations are based on in-
stallation of a major processing centre at Haralc
and on transportation ashore of the producec
hydrocarbons via Tyra (gas) and Gorm (oil anc
condensate).

The Adda Field

Adda is located 10 km north of Tyra. Adda con
tains an oil accumulation in Upper Cretaceou
chalk and a gas accumulation in Lower Cretace

ous limestones. The Adda discovery was made i
1977.
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A development plan for Adda was approved in
March 1990 by the Minister of Energy. According
to the plan Adda will be developed as a satellite to
Tyra East. Tie-in to Tyra will take place via a
two-phase pipeline.

Initiation of production at Adda is expected at
the latest in 1999.

The North Arne Field

North Arne is located 60 km northwest of Tyra.
The North Arne discovery was made in 1975. The
field comprises two culminations of oil bearing
chalk along a salt induced structural feature, se-
parated by a saddle. The southern culmination
was discovered in 1982 under the designation

Otto.

A plan for the development of North Arne was
approved by the Minister of Energy in March
1990.

According to the plan, North Arne will be develo-
ped as a satellite to Harald, located 20 km to the
north. Tie-in to Harald will take place via a two
phase pipeline.

Initiation of oil production from North Arne will
take place in year 2000 at the latest.

The Elly Field

Elly comprises a gas accumulation located adja-
cent to the German sector 40 km west of Tyra.
Elly was discovered in 1984 and declared com-
mercially viable in 1988. The Minister of Energy
has approved postponement of submittal of a
development plan for the field until December
6th, 1991.

The Gert Field

Gert is an oil accumulation located 80 km north-
west of Tyra.

The accumulation extends northwards into the
Norwegian sector (the Mjolner prospect). Gert
was discovered in 1984 and declared commer-
cially viable in 1987.

The Minister of Energy has approved postpone-
ment of submittal of a development plan for Gert
until December 30th, 1990.

The Harald Field

Harald comprises two separate major gas accu-
mulations previously called Lulu and West Lulu.
Lulu was discovered in 1980 and West Lulu in
1983. Harald is located 80 km north of Tyra close
to the Danish/Norwegian sector boundary.

A development plan for Harald was approved by
the Minister of Energy in March 1990. The plan
includes installation of an integrated accomoda-
tion and processing platform adjacent to a well-
head and riser platform. The produced hydrocar-
bons will be transported to Tyra and Gorm for
export ashore. The processing facilities at Harald
will accomodate production from satellite fields
located in the northern part of the Danish Cen-
tral Graben area.

Production from the Harald will be initiated on
October Ist, 1998.

The Igor Field

Igoris located 13 km north of Dan. Igor is a minor
gas accumulation discovered in 1968. A plan im-
plying satellite development at Igor tied in to
Dan was approved in 1987 by the Minister af
Energy. In March 1990 the approval was exten-
ded to include the timing of the development.

Initiation of production from Igor is expected in
1999.

The Nils Field

Nils is a small oil accumulation located 10 km
southeast of Dan.

The discovery was made in 1979 and a develop-
ment plan was approved by the Minister of
Energy in 1988. The plan includes installation of
a wellhead platform and tie-in to Dan via a two-
phase pipeline.

Initiation of production from Nils is expected in
1994.
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The Roar Field

Roar, located 10 km northwest of Tyra, compri-
ses a free gas accumulation with a thin oil rim
(compare Tyra). The discovery was made in
1968.

In 1980 it was approved by the Minster of Energy
that gas deliveries under the Gas Sales Contract
of 1979 should be fulfilled by Roar in addition to
deliveries from Dan, Gorm and Tyra. The appro-
val stipulated that an application for develop-
ment of Roar allowing gas deliveries as per Oc-
tober 1st, 1989 should be filed at the latest in
1985.

As gas deliveries from Roar proved not to be
required by the date stipulated development of
the field was temporarily postponed.

In March 1990 the Minister of Energy approved a
development plan comprising a revised time
schedule for the start of production from Roar.

The field will be developed as an unmanned sa-
tellite to Tyra.

The produced hydrocarbons will be transported
to Tyra via a two phase pipeline.

Production from Roar will be initiated on Oc-
tober 1st, 1993.

LT TR TaEr——




Reserves

A review and assessment of the Danish oil and
gas reserves is carried out on an annual basis by
the Energy Agency.

The oil and gas reserves assessment of January
Ist, 1990, has been subject to different systema-
tics than previous assessments.

This was done in order to clearly differentiate
between hydrocarbons that can be produced with
a high degree of confidence based on existing and
approved development plans and the considerab-
le amounts of oil and gas that are expected to be
produced not documented however by approved
development plans.

The reserves assessments only include those
amounts of oil and gas that can be produced from
well known reservoires.

The oil and gas production from most of the
Danish fields is hampered by extremely low re-
servoir rock permeability. Hence, even though a
considerable portion of the oil and gas techni-
cally can be recovered, this recovery is attributed
to costs exceeding acceptable levels in light of the
current oil prices. The possibilities for increased
oil and gas recovery are highlighted below in the
section Potential Recovery.

In addition to previous reports, the 1989 Annual
Report gives an analysis of the exploratory hy-
drocarbon potential contained within the Danish
Central Graben area.

Method and Definitions

Only part of the hydrocarbons-in-place in areser-
voir can be recovered. The recovery in terms of
reserves that can be produced during a field's life
time is referred to as the ultimate recovery. The
difference between the reserves under ultimate
recovery and the produced quantities of hydro-
carbons corresponds to the remaining reserves at
any given time.

The underlying calculations are based on pro-
babilistic theory, hence resulting in a low, an
expectation and a high value respectively for the
oil and gas reserves and are calculated for each
field. The expectation values provide the basis
for estimations of the total Danish hydrocarbon
reserves.

Reserves

Ongoing or planned hydrocarbon production is
categorised under established, decided and plan-
ned recovery respectively. The three categories
are defined as follows:

Established Recovery

Established recovery comprises oil and gas reser-
ves that are recoverable from the currently ex-
isting wells and production facilities. In this con-
text it is assumed that the required maintenance
of the facilities is performed.

Decided Recovery

Reserves under decided recovery are calculated
with regard to hydrocarbon discoveries for which
development plans have been approved. Further
reserves under this category apply to approved
extensions and modifications of existing produc-
tion facilities.

Planned Recovery

Reserves under planned recovery comprise the
producible amounts of oil and gas that can be
calculated for prospects described in develop-
ment plans submitted to the authorities, however
not yet approved by the Minister of Energy. Fur-
ther reserves under planned recovery include oil
and gas reserves from prospects that have been
declared commercial by the licence holders.

Potential recovery

Reserves under potential recovery have been sub-
divided into possible and enhanced oil recovery
respectively as follows:

Possible recovery

Possible recovery comprises oil and gas that can
be produced by the utilisation of known tech-
nologies and under compatible conditions with
those in other parts af the North Sea.
Furthermore the category includes production
from marginal fields.
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Fig. 4.1 Reserves Categories

EOR - methods

Planned
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Enhanced Oil Recovery

Enhanced oil recovery procedures comprise no-
vel technologies and concepts with the purpose
of releasing the physical properties hampering
the flow of oil from the reservoir into the well bore
and the production string.

The reserves categories are illustrated in Figure
4.1.

The 1990 Reserves Assessment

The oil and gas reserves assessments prepared by
the Energy Agency of January 1st, 1990 are sum-
marised in Tables 4.1. and 4.2. respectively.

A number of adjustments were made in the 1990
reserves assessment compared to 1989, hence re-
sulting in an increase of the oil and gas reserves
under the established and decided category with
a corresponding decline in the reserves under
planned recovery. These adjustments are prima-
rily related to the fact that five development
plans were approved by the Minister of Energy,
thus transferring the pertaining reserves into the
decided and established category from their pre-
vious allocation under planned recovery. Other
adjustments were made in view of improved pro-
duction experience and new data.

Additional oil reserves under planned recovery
were assessed in accordance with the plan com-
prising the drilling and completion of two further
horizontal producers in the Tyra oil zone and
extended planned development at Dagmar.

The reserves are shown in Figure 4.2.

Potential Recovery

Possible Recovery

The energy Agency has evaluated the possibili-
ties for increasing the recovery by use of well
known technology.

Reserves under the category possible recovery
were calculated as the result of the expanded
implementation of water injection in the cur-
rently producing oil fields, in particular at Dan
and Gorm. An essential contribution to the pos-
sible reserves comprises improved production
conditions with regard to the tight Barremian
reservoirs at Valdemar and Adda. Further reser-
ves under possible recovery were also calculated
due to the possible extended development at
Dagmar and the new development of currently
marginal fields as a result of future cost effective
technology or increased oil prices or both.

Fig. 4.2 Oil and Gas Reserves




Tabel 4.1 0Oil and Condensate Reserves, million m’

Ultim. Rec. Reserves
Prod.
Low Exp. High Low Exp. High

-
|
f Established and Decided Recovery:

Dan 34 41 50 9 25 32 41
Gorm 20 26 33 13 7 13 20
Skjold 22 29 36 8 14 21 28
Rolf 2 3 4 2 1 2
| Tyra 10 12 15 4 6 8 11
| Dagmar 1 2 3 - 1 2 3
Kraka 1 2 4 - 1 2 4
Valde-
mar 1 4 9 - 4 9
| Adda <« 1 2 -« 1 2
|  Nord
| Arne 4 7 10 - 4 7 10
| Harald 4 5 7 - 4 5 7
| Igor d o ad - «d d
I Nils d d 1 - d a 1
Roar 3 4 5 - 3 4 5
Sub total 136 36 100
(116) (30) (86)
Planned Recovery:
Dan 3 4 5 - 3 4
Tyra d 1 1 - a4 1 1
Valde-
mar 2 8 15 - 2 8 15
Kraka 1 2 2 - 1 2 2
Dagmar 1 1 2 - 1 1 2
Gert 6 11 17 - 6 11 17
| Elly «d o« 1 - <l 1
Sub total 27 27
(49) (49)
| Total 163 36 127

(165) (30) (135)

The total Danish oil and gas reserves including
the possible reserves discussed above only divert
sligthly from those reported in the 1988 Annual
Report.

The results of these calculations are summarised
in Table 4.3.

Enhanced Oil Recovery

The total oil reserves assessed under the establis-
hed, decided, planned and possible categories
correspond to approximately 14% of the oil-in-
place contained in the currently known Danish
reservoirs.

Tabel 4.2 Gas Reserves, billion Nm®

Ultim. Rec. Reserves
Prod.
Low Exp. High Low Exp. High

Established and Decided Recovery:

Dan 14 16 20 3 11 1% 17
Gorm 5 6 8 d 5 6 8
Skjold 2 3 3 1 1 2 2
Rolf «d d d dd d 0«
Tyra 36 46 54 9 27 37 45
Dagmar d d 1 - «d d 1
Kraka « 1 2 - d 1 2
Valde-
mar 2 6 12 - 2 6 12
Adda 1 1 2 - 1 1 2
Nord
Arne 1 2 3 - 1 2 3
Harald 20 25 31 - 20 25 31
Igor 1 2 3 - 1 2 3
Nils dd o d ! d <l
Roar 9 13 17 - 9 13 17
Sub total 121 13 108

(89) (10) (79)
Planned Recovery:
Dan 1 1 2 - 1 1 2
Tyra d dd - <« <« d
Valde-
mar 5 13 24 - 5 13 24
Kraka 1 1 1 - 1 1 1
Dagmar 4 d d - d d d
Gert 1 1 2 - 1 1 2
Elly 1 3 5 - 1 3 5
Sub total 19 19

(47) (47)
Total 140 13 127

(136) (10) (126)

Extended recovery requires the introduction of
novel technologies and concepts with the pur-
pose to release the physical properties hampe-
ring the flow of oil from the reservoir into the well
bore and the production string. Such technolo-
gies are collectively referred to as enhanced oil
recovery procedures, EOR.

The methods which are relevant under Danish
conditions are injection of various chemical com-
pounds and miscible gasses.
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These techniques aim at a reduction of the in-
fluence of the inter alia capillary forces and the
surface tensions of the reservoir fluids which pre-
vent a conventional recovery of most of the oil
contained in the reservoir rock.

It is common to most enhanced oil recovery pro-
cedures that they are extremely cost demanding
and cannot therefore readily be implemented due
to economic constaints.

Research and development of techniques and
procedures for an economic implementation of
enhanced oil recovery within the North Sea area
are performed both in Denmark and abroad. The
results of these research projects are promising,
indicating oil recoveries up to 50% and higher
based on laboratory experiments, however under
currently nonacceptable economic conditions.

Only one per cent’s increase in the currently
assessed oil reserves means an additional oil rec-
overy of 16 million m®, corresponding to 1.6 years
of domestic oil consumption.

Fig. 4.3 Recovery Percentage and Domestic Oil
Consumption
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Tabel 4.3 Possible Recovery

1989 1990
oil gas oil gas
mio.m® bn. Nm® miom® bn.Nm®

Producing fields 33 8 35 13
Comm.fields 8 12 5 12
Pot.fields 17 24 16 24

Possible Recovery 58 44 56 49
Reserves and

Possible Reco- .
very 223 180 219 189 J

The oil recovery as plotted versus the domestic
oil consumption is shown in Figure 4.3. The plot
reveals that the total reserves assessed (14%),
including the possible oil recovery would satisfy
the domestic oil demand for 22 years. Anincrease
of this oil recovery to, say, 40 per cent of the
oil-in-place implies a rate of self-sufficiency cor-
responding to 64 years of oil supply.

As the eventual implementation of enhanced oil
recovery methods could carry the production
well into the next century, there are a number of
important issues that require review and reconsi-
deration, inter alia oil price development, licence
conditions and problematics related to fatigue of
the existing and planned offshore installations
and production facilities.

The Central Graben Exploration Po-
tential

In addition to the annual assessment of disco-
vered oil and gas reserves, the Agency has com-
pleted an evaluation of the hydrocarbon poten-
tial of undrilled hydrocarbon prospects in the
Central Graben, and includes licenced and un-
licenced blocks.
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This area is considered still to be the most pro-
spective Danish geological province. In order to
avoid confusion with reserves pertaining to oil
and gas discoveries, the potential of undrilled
prospects is designated Hypothetical Resources in
this passage. The purpose of this evaluation exer-
cise is to provide realistic estimates of oil and gas
resources which may be discovered by future ex-
ploration drilling. the resource evaluation as of
January 1st, 1990 comprises exclusively mapped
prospects in the Central Graben.

Hypothetical Resources

Hypothetical resources have been defined as the
volumes of oil and gas which potentially could be
produced from mapped, but yet undrilled pro-
spects. Hypothetical resources thus differ from
reserves in that producible hydrocarbons in the
former case have not been proved by drilling.
Only seismically well defined geologocal struc-
tures supported with near-by well data are consi-
dered as prospects to be evaluated under hypo-
thetical resources.

Detailed analysis have been made for each pro-
spect of the accumulated and producable volu-
mes of hydrocarbons. In addition, estimates of
the chance of a hydrocarbon discovery have been
made for each structure.

Fig. 4.4 Probability of Reserves
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Based on the above evaluations, probabilistic cal-
culations of the combined prospect potential
have been carried out for the Central Graben.

Results of the calculations indicate that with con-
tinued exploration in the Central Graben it can
be expected to find 95 million m® oil and 40
billion Nm® gas from new discoveries. It should
be stressed that the uncertainty in these figures is
reflected in the range of possible volumes linked
to these expected volumes. In the case of oil
potential the range is 30-170 million Nm®. In the
case of gas potential the range is 15-70 billion
Nm®. A probability distribution has been used
that corresponds to the definitions used in the
evaluation of reserves. Using a conversion of ap-
proximately 1 billion Nm® of gas to 1 million tons
of oil equivalent, it is apparent that the oil poten-
tial is anticipated to be considerably greater than
that of gas.

Maintaining the current exploration activity le-
vel in the Central Graben over the next 15 to 20
years, calculations indicate new discoveries by oil
companies, could increase current oil and gas
reserves by 60% and 30 % respectively. In addi-
tion, the hydrocarbon potential of a number of
less mature prospects in the Central Graben has
yet to be assessed and the hydrocarbon potential
of all areas outside the Central Graben has yet to
be quantitively assessed.
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Forecasts

The production and expenditure forecasts for
exploration and exploitation of hydrocarbons in
Denmark are based on the 1990 Reserves Assess-
ment, prepared by the Danish Energy Agency.

The present five year forecast reflects the expec-
tations of the Energy Agency, as well as an evalu-
ation of the self-sufficiency of energy and the net
currency expense for energy imports. The econo-
mic consequences of the five year forecast are
highlighted in the section Economics.

Furthermore, a twenty year oil and gas produc-
tion forecast is included in this report.

Fig. 5.1 Energy Consumption and Production
1990-199¢

Gross consumption

-

Oil and gas consumption
P — S —

Table 5.1 il and Condensate Production Forecast,
million m®

1990 1991 1992 1993 1994

Established and Decided Production

Dan 1.8 21 21 22 23
Gorm 1.3 1.2 1.0 10 08
Skjold 30 27 23 19 15
Rolf 03 02 02 01 0.1
Tyra 08 07 05 03 02
Dagmar - 03 05 04 04
Kraka 01 03 02 02 03
Valdemar - - 04 04 04
Roar - - - 01 03
Nils - - - - 04
Sub Total 73 75 72 66 6.7
Planned

Production 02 03 02 04 04
Expected

Production 75 78 74 70 7.1
April 1989 64 78 75 6.6

Five Year Production Forecast

The five year production forecast is based on the
systematics of the Reserves Assessment per Ja-
nuary Ist, 1990 (Ref. Tables 4.1 and 4.2).

The oil and condensate production forecast assu-
mes the utilization of currently existing facilities
and further includes the planned extensions of
these facilities.

With regard to natural gas, the production fore-
cast reflects the expected delivery of sales gas to
Dansk Naturgas A/S.

Compared to the 1988 annual report this five year
forecast reveals a certain increase of the oil pro-
duction during 1990, then staying at the same
level during the remaining four years.

Changes in the allocation of reserves categories
took place during 1989 after approval of new and
extended development, including the timing and
phasing of the pertaining work.
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Table 5.2 Sales Gas Production Forecast,
billion Nm®

—

1990 1991 1992 1993 1994

Established and Decided Production

Dan center 07 08 08 09 1.0
Gorm center 03 03 03 04 03
Tyra center 22 25 26 26 27
Sub Total 32 36 37 39 40
Planned

Production 00 00 00 00 00
Expected

Production 32 36 37 39 40
April 1989 28 31 32 34 |

Accelerated and extended development at Skjold
is expected to be implemented already during
1990, rather than in 1991 as previously planned.

Changes in allocation of reserves categories re-
sulted in an increase of recovery under establis-
hed and decided production and a corresponding
decline under the category planned production.

Table 5.3 Investments, Development Projects,
DKK billion (1990)
—

| 1990 1991 1992 1993 1994

’ Established and Decided Projects

Dan 04 04 05 05 -
Gorm 0.2 - - - -
Skjold 0.8 - - - S
Rolf - - - - -
Tyra - - S S S
Dagmar 02 03 03 0.1 -
Kraka 05 0.2 - - -
Valdemar 04 04 - - - |
Roar 02 06 06 - -

| Nils S - - 03 -

‘ Sub Total 26 14 14 15 00 |
Planned -

| Projects 01 01 02 07 10

| Expected

| Investments 27 15 16 22 10

| April 1989 1.1 1.8 20 05 |

Hence the category planned production during
the five year period comprises two new horizontal
producers in the Tyra oil zone and is contingent
on extended development at Dagmar.

Regarding the disposal of natural gas, the Agree-
ment in Principle of 1989 between the Danish
Underground Consortium (DUC) and Dansk
Naturgas A/S implies increased expectations
from the gas production. The distribution of the
gas production between the three currently ex-
isting processing centres is shown in Table 5.2.

The expected rate of investment and operational
costs for the forecast period are summarized in
Tables 5.3 and 5.4 respectively; the rate of invest-
ment from 1990 onwards is expected to reach a
considerably higher level than is envisaged in the
1988 annual report.

Table 5.4 Operation and Maintenance Costs,
DKK billion (1990)

1990 1991 1992 1993 1994

Established and Decided Costs
Dan 03 03 03 03 03
Gorm 02 02 02 02 02
Skjold 02 02 02 02 02
Rolf 00 00 00 00 00
Tyra 04 04 04 04 04
Dagmar - 00 00 01 01
Kraka 00 00 00 00 00
Valdemar - - 00 00 00
Roar - - - 01 0.1
Nils - - - - 00

| Sub Total 12 12 12 13 13

| Planned

i Costs 0.0 00 0.0 00 0.0

| Expected

[ Costs 12 1.2 12 1.3 1.3

| April 1989 12 12 13 13
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Table 5.5 Transportation Costs, the Oil Pipeline,
DKK billion (1990)

1990 1991 1992 1993 1994

Total 08 08 08 08 08
April 1989 07 07 07 07

Expenditure with regard to exploratory and ap-
praisal activities is summarized in Table 5.6. Up-
ward adjustments of the 1988 expenditure were
made in the light of the 3rd Licensing Round
Awards in 1989.

Table 5.6 Exploration and Appraisal Costs,
DKK billion (1990)

‘ 1990 1991 1992 1993 1994 ‘

Total 04 02 04 03 o0l
| April 1989 05 03 02 02

| AprilloE9 05 08 02 02 |

Self-Sufficiency and Net Currency Expendi-
ture for Energy Imports

The expected production of oil and natural gas is
compared to the domestic oil and gas demand
(A) and to the total energy demand (B). In (C) the
rate of self-sufficiency is calculated in relation to
the total energy consumption — including rene-
wable energy production. The compilation is
shown in Table 5.7.

The net currency expenditure is expressed as its
immediate effect on the trade balance. This cal-
culation does not include the imports in connec-
tion with field development or profits transferred
abroad.

The energy consumption and production are
summed in tons oil equivalents (t.o.e.) for con-
venient comparison.

Twenty Year Production Forecast

Like the five year forecast the twenty year pro-
duction forecast was prepared on the basis of the
systematics of the Reserves Assessment. Howe-
ver, the twenty year forecast also comprises the
reserves under possible recovery, which are not
included in the five year production forecast.

Crude Oil and Natural Gas Production Fore-
cast

Three scenarios for the production of crude oil
and condensate are illustrated in Figure 5.2,
which shows recovery under the category esta-
blished and decided, the planned and the pos-
sible categories respectively.

Table 5.7 Rate of Self-sufficiency and Net Currency
Expenditure for Energy Imports

‘ 1990 1991 1992 1993 1994

| Production
Crude Oil
| (million m®) 75 78 74 7.0 7.1
| Natural Gas
(billion Nm?) 32 36 37 39 40

Total Energy

Consumption

(Pj) 809 822 830 835 838
Rate of Self-sufficiency (%)

A) 92 97 94 93 95
B) 499 51 50 49 50
)] 54 57 5 55 56

Net Currency Expenditure
(DKK billion) 59 62 68 74 75

Crude Oil Price
USD/barrel 19 21 23 25 27
DKK/USD 7.00 7.00 7.00 7.00 7.00

‘ A) Oil and gas production versus domestic oil and
gas consumption
B) Oil and gas production versus total domestic
energy consumption.
‘ C) Total energy production versus total domestic
| energy consumption




Fig. 5.2 Oil and Condensate Production
1990-2009, million m®

Possible pipeline cap,

Actual pipeline cap,

The production under established and decided
recovery categories indicates a gradual decline
until the turn of the century followed by a marked
increase, this reflects the initiation of production
from the major field Harald and the satellite fi-
elds North Arne, Igor and Adda.

The scenario under the category planned re-
covery reflects the extended development at Dan
and Tyra and is further contingent on a number
of the fields, where development will be imple-
mented during the next few years; planned re-
covery includes production from Gert and Elly.

With regard to possible production, the forecast
is primarily based on improved recovery at Dan
and Gorm due to increased implementation of
water injection; increased recovery is further as-
sumed at Rolf, Dagmar, Valdemar and Adda.

The forecast indicates that an annual oil and
condensate production of 7-8 million m® may be
preserved until the mid 1990"s. Including the
additional production under the scenario of pos-
sible production this level may be prolonged into
the 2000’s.

The scenarios are based on currently availablc
technology and prevailing economic conditions
Implementation of enhanced oil recovery woulc
increase and prolong the production level wel
into the 2000’s.

Changes and adjustments in the present twenty
year production forecast compared to the 198¢
forecast are primarily attributed to recently ap
proved time schedules for further phased deve
lopment of a number of fields.

In contrast to the oil production, sales gas pro
duction requires approved contracts specifying
long term gas deliveries.

The perspectives related to gas production are
shown in Figure 5.3, illustrating the delivery by
the DUC of a total of 93 billion Nm® sales gas tc
Dansk Naturgas A/S until the year 2011 and :
maximum gas delivery of 120 billion Nm® ga:
during the same period. The higher gas delivers
is attributed to the maximum capacity of the
currently existing gas pipeline connecting the
gas export outlet at Tyra with the gas treatmen
facilities located at Nybro on the west coast o
Jutland. The difference between the two scena

Fig. 5.3 Sales Gas Production 1990-2009, billion Nm

Capacity of the gas pipeline
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rios serves to illustrate the available transporta-
tion capacity with a view to extended delivery of
sales gas, i.e. up to 120 million Nm® during the
period 1984-2009.

Capital Expenditure and Operational Costs

Figures 5.4 and 5.5 illustrate the rates of invest-
ment and operational costs pertaining to the pro-
duction scenarios mentioned above.

The high rate of investment under the category
decided recovery as indicated during the late
1990 is related to the new developments in the
northern Central Graben area (Harald, North
Arne).

Fig. 5.4 Rate of Investment 1990-2009, DKK billion

IDKK bn

Planned

Established
and

decided

90 95 2000 05 Year

Capital expenditures for the planned develop-
ments are considerably lower than indicated in
the previous forecast, primarily due to the trans-
fer of several development projects from the pre-
viously planned to the category decided produc-
tion.

Fig. 5.5 Operational Costs 1990-2009, DKK billion

DKK bn.
2
Possible
Planned
1
Established ond decided
90 95 2000 05 10 Year

A high rate of investment has been allocated to
possible recovery during the late 1990’s, prin-
cipally related to implementation of new and ex-
tended water injection projects.

The time schedule for these capital expenditures
as well as for other investments under the sce-
nario of possible production is subject to consi-
derable uncertainty. Therefore the investment
rate is averaged over a longer period.

The total decided capital expenditure amounts
to approximately DKK 13 billion; planned ac-
tivities require investments corresponding to
DKX 6 billion; a total investment of additionally
DKK 9 billion was estimated in order to realise
the recovery under the scenario for possible pro-
duction.

Operational costs will gradually increase and are
estimated to approach DKK 2 billion per year
towards the end of the forecast period.
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Fig. 5.6 Possible Oil Production Scenarios at Imple-
mentation of Enhanced Oil Recovery,

million m®
m.m3
10 Possible pipeline cap,
8 ipeline cap,
Possible S
6
Planned

4

2
Established and decided
90 95 2000 05 10 Year

3 Improved recovery

Improved Oil Recovery Methods

The oil production scenarios discussed above are
not to be regarded as an absolute upper limit of 2
possible Danish production potential.

Further improvements are contingent on intensi-
fied efforts and continued development, but they
are not restricted to enhanced oil recovery pro-
cedures. Other subjects of importance comprise
the pursuance of less costly development con-
cepts and drilling and completion of some addi-
tional horizontal production wells.

At present, the moderate oil prices prevent deve-
lopment and implementation of more advanced
recovery measures. A scenario describing
improved oil production under assumed accep-
table technical and economic conditions is
shown in Figure 5.6.
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The international crude oil price underwent a
rising trend in 1989 as compared to the low price
levels during the previous years. Hence the ave-
rage Brent oil price reached above USD 18 per
barrel during 1989. This development is due to
increased global oil demands and the cease of the
1986 oil glut.

As compared to 1988 the 1989 crude oil prices
increased by 28 per cent; the average rate for the
US dollar increased by nine per cent.

The combined Danish oil and gas production
brought ashore during 1989 amounted to 8.4 mil-
lion tons oil equivalent, an increase of 11 per cent
as compared to 1988.

The increased production in combination with
the rising oil price and the improved rate of the
US dollar resulted in a considerably higher sales
value of the Danish oil and gas production for
1989 as compared to 1988. The 1989 sales value
corresponded to DKK 6.8 billion as compared to
the DKK 4.9 billion in 1988 (Ref. table 6.1).

Fig. 6.1 Sales Value and Production of Oil and Gas

Table 6.1 Sales Value and Production of Oil and Gas

| 1985 1986 1987 1988 1989%*)
Sales Value (DKK million)

Qil 6,280 3,270 4,270 3,500 5,350
Gas 1,680 2,440 1,660 1,355 1,410
Production

Oil million m® 3.46 4.29 542 5.57 6.48
Gas

|
|
|
' I
‘ Total 7,960 5,710 5,930 4,855 6,760 ‘
‘ |
billion Nm® 1.04 180 230 227 2.69

International Crude Oil Price (Brent))

USD/barrel  27.61 14.4518.38 14.94 18.11
DKK/USD 10.60 8.09 6.84 6.74 7.32
DKK perm® 1.841 735 791 633 834

Nominal prices, *) Estimate

Exploratory, Development And Operation Ex-
penditures

Table 6.2 summarises the combined capital out-
lays for the exploration and production of oil and
gas in Denmark. The compilation indicates a to-
tal 1989 expenditure of DKK 2.7 billion. In addi-
tion DKK 0.8 billion were spent in conjunction
with the transportation of the crude.

The transportation cost for the crude comprises
operational costs, financing costs and deprecia-
tion on the capital expenditure with regard to the
transportation facilities. In addition the oil pipe-
line tariff includes a profit element correspon-
ding to five per cent of the value of the trans-
ported crude oil. The oil pipeline is owned by
Dansk Oliergr A/S which transfers 90 per cent of
the income under the profit element to the trea-
sury. All currently incurred transportation costs
are covered by the Danish Underground Consor-
tium, sole producer of oil and gas in Denmark.

The 1989 capital costs were primarily allocated
to drilling activities, i.e. including three explora-
tory wells and 14 production wells. The explora-
tory expenditure has been declining whereas
costs allocated to development drilling have been
rising.
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Table 6.2 Costs of Exploration, Development and Operations,

DKK million
1985 1986 1987 1988 1989*)
Exploration and appraisal
DUC 873 309 234 110 80
Licence
Groups 1st
and 2nd
Rounds 500 304 505 449 220
Total 1,373 613 739 559 300
Development
(DUC) 2,023 1,764 914 897 1,285 |
Operations |
| (DUC)
| (DUQ) 756 981 995 1,000 1,100
Transportation
Costs 884 617 650 604 765

|
Nominal prices, *) Estimate ‘

Development expenditures as allocated to the
individual fields are summarised in Table 6.3; the
1989 figures are estimates. Non allocated costs
comprise common field expenses, certain costs
incurred in conjunction with accounting and
costs allocated separately to the individual com-
panies.

Table 6.3 Development Investments by the DUC,

DKK million

1985 1986 1987 1988 1989*)
Dan 1,266 1,303 641 223 365
Gorm 21 23 11 262 200
Skjold 92 44 62 236 45
Rolf 366 163 10 - 20 |
Tyra 137 134 188 107 150
Kraka - - - 4 195
Valdemar - - - 7 225
Not Allocated 143 99 2 58 85
Total 2,025 1,766 914 897 1,285

Nominal prices, *) Estimate

The combined expenditures with regard to the
currently implemented development corre-
sponds to approximately DKK 28 billion in no-
minal prices, i.e. for the time span 1971-1989.

The results before tax with regard to activities by
the Danish Underground Consortium are compi-
lated in table 6.4 for the period 1985-1988. The
sensitivity of the results due to fluctuations in the
currency rate becomes apparent.

Transportation costs were included under opera-
tion costs in the compilation.

Direct state revenues resulting from the oil and
gas production are summarised in table 6.5. for
the period 1985-1989 in 1990 prices.

Table 6.4 Earnings of the DUC Companies
1985-88, DKK million

1985 1986 1987 1988

Income 8.022 5.633 5.823 5.103
Costs 2.028 1.706 1.663 1.591
Interests 991 529 492 628
Exchange Rate

Adjustments +1.861 +1.385 +943 -324

Gross Income 6.864 4.723 4.611 2.560
Depreciations 1.775 1.539 1.586 1.495
Earnings  Before

Tax 3.629 1951 1650 551

Nominal prices

As a statement of account with regard to 1989 is
not yet available the 1989 figures are uncertain
and subject to adjustment. This is particularly
evident for the estimate with regard to the cal-
culation of the corporate tax in view of fluctua-
tions in currency rates.

State Revenues

The allocated revenues are assessed on a yearly
basis.
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Table 6.5 State Revenues 1985-1989,
DKK million (1990)

1985 1986 1987 1988 1989%*) :.

Hydrocarbon
Tax 578 0 0 0 0
|

Corporate Tax 153 802 827 0 259
Royalty 735 520 494 389 527

Profit Element 287 136 191 141 221

Total 1,753 1,458 1,512 530 1,007 ‘

*) Estimate ‘

Settlement of the corporate tax takes place ten
months subsequently to the year of income; the
hydrocarbon tax is settled during the year of
income; the royalty settlement six months after
the year of income. The profit element of the oil
pipeline tariff is settled monthly in arrears.

Table 6.6 Investments and Operational Costs
1990-1994, DKK billion (1990)

r - —— -~ =

1990 1991 1992 1993 1994

Qil Production

(mio. m®) 75 78 74 70 7.1
Natural Gas

Production

(bn. Nm?) 32 36 37 39 40
Crude Qil Price

USD/BBL '19.0 21.0 23.0 25.0 27.0

Investments:

Exploration: 04 02 04 03 0.1
Field Develop-

ment 27 15 16 22 1.0
Natural Gas

System 07 08 1.1 10 04
Operations:

Production

Plants 1.2 12 12 13 13
Natural Gas

System 09 09 09 09 09

Oil Pipeline 01 01 01 01 01
Total 6.0 47 52 56 36

Table 6.7 State Revenues 1990-1994,

DKK billion (1990)

1990 1991 1992 1993 1994

Hydrocarbon
| Tax

Corporate Tax

Royalty

Profit Element

(0.7)

(0.3)

00 00 0.0

(0.0) (0.0) (0.0) (0.0) (0.0)

22 23 27

(1.5) (1.7) (1.7) (15) (L.7)

08 08 09

0.7 (0.7) (0.7) (0.7)

03 03 04

(0.3) (0.3) (0.3) (0.3)

Total

! (2.5)

30 33 34 40
(2.6) (2.6) (2.4) (2.6)

r
|
!

The total state revenues for the period 1972-1989
corresponds to DKK 8.8 billion, in 1990 prices
which are allocated as follows:

— Corporate tax

— Hydrocarbon tax
— Royalty

— Profit element

DKK 2.3 billion
DKK 0.7 billion
DKK 4.6 billion

DKK 1.3 billion.

The hydrocarbon tax has not been applied since
1985, primarily as a result of the declining oil

prices.

Based on the five year production forecast dis-
cussed in the foregoing the state revenues were
calculated for the same period. The basic as-
sumptions underlying these calculations are

summarised in table 6.6.

An oil pricing schedule was applied implying
rising oil prices during the forecast period from
USD 19 per barrel in 1990 to USD 27 per barrel in
1994. In order to compensate for the uncertain-
ties related to the oil pricing schedule the reve-
nue calculations were also carried out using a
constant oil price at USD 20 per barrel for the
entire period. The revenues calculated based on
the constant oil price are indicated in parenthesis
in the compilation. The compilation is shown in

table 6.7.
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It is emphasised that the increasing oil pricing
schedule does not imply the application of hydro-
carbon tax for the period. The revenue under the
corporate tax carries considerable uncertainty
due to currency rate fluctuations.

Impact on the Balance of Payments

Based on the assumptions compiled in Table 6.6
the effects of the Danish oil and gas production
were calculated on the balance of payment and
trade respectively.

The balance of payment is improved as a result of
the oil and gas production, partly due to export
revenues and partly due to the savings of the
foreign currency payments in conjunction with
otherwise required energy imports. With this in
mind the economic value of the production was
calculated for the period 1987-1994. Subtraction
of import costs related to investment and opera-
tions provides the effect on the balance of goods
and services. Further subtraction of transfers of
interest and returns abroad offers the opportu-
nity to calculate the effect on the Balance of
Payment. The results of the calculations are sum-
marised in Table 6.8 and further illustrated in
Figure 6.2.

Fig. 6.2 Impact on the Balance of Payment
1987-1994, DKK billion (1990)

DKK bn.
14
Gross output
12
Balance of trade
10
8
Balance of payment
6
4
2
87 89 21 93 95 Year

It is emphasised that the underlying calculations
are based on models with applied standard as-
sumptions with regard to imports etc., hence not
based on actual accounting statements and fi-
gures. This does not change the circumstance
however, that Danish oil and gas production has
a considerable beneficial effect on the Balance of
Payment.

The state revenues in the long term are illustra-
ted in Figure 6.3, both based on a rising oil pri-
cing schedule from USD 20 per barrel to USD 38
per barrel in year 2010 and under a constant oil
price for the entire period at USD 20 per barrel.

Discounting of the oil production was based on
the 20 year production forecast including deci-
ded recovery. The disposal of the gas is based on
the five year production forecast and the deli-
veries under the Agreement In Principle of 1989
between the Danish Underground Consortium
and Dansk Naturgas A/S.

It becomes apparent that the magnitude of direct
state revenues resulting from the oil and gas pro-
duction are primarily dependent on the future
development of the crude oil price.

Table 6.8 Impact on the Balance of Payments,
DKK billion (1990)

87 88 89 90 91 92 93 94 |

Gross Out-

put

Value 6.8 55 7.6 8.810.211.011.612.7
Import

Content 21 19 1.8 23 16 19 21 13

Balance of

Goods

and Services 4.7 3.6 58 6.5 8.6 9.1 95114
Transfer of

Interests

and Returns 3.0 2.7 26 3.0 34 36 43 4.1

Effect on
Balance
of Payment 1.7 09 32 35 52 55 52 73
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Fig. 6.3 State Revenues 1990-2009, DKK billion (1990)

10

DKK bn.

$19-38
$20
20 95 2000 05 10 Year
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Safety and Working Environment

The Energy Agency provides supervision with
regard to safety and working environment in offs-
hore areas in conjunction with the exploration
and production of oil and gas. The work is carried
out in cooperation with the Marine Authorities
regarding questions on mobile offshore facilities.

Supervision by the Agency is increasingly aimed
at the application of the operator’s internal con-
trol systems. Spot checks and system operation
tests are conducted in order to ensure the reliabi-
lity of functions at all levels. Particular emphasis
is placed on the supervision of activities that are
not part of the internal control system or in areas
of inherent conflict of interest. During 1989 the
Agency selected a few items with a view to more
thorough regulatory control, inter alia including
the performance of drilling activities simultane-
ously with production.

New Regulations

Guidelines for the Design of Unmanned
Platforms

Continued marginal development in the Danish
North Sea comprises unmanned well head plat-
forms tied in to major processing facilities. As the
previously existing guidelines only addressed the
construction of major manned installations the
requirement for new regulations with a view to
the construction, installation and operation of
unmanned structures becomes apparent.

In October, 1989 the Energy Agency issued the
Guidelines for design of unmanned structures. The gui-
delines were authored in cooperation with Marsk
Olie og Gas A/S after liaison with certifying
groups and companies including the trade
unions. This procedure is novel and the resulting
guidelines are the first of their kind in the North
Sea area.

Working Environment

The regulatory work concerning safety and he-
alth on marine installations was continued du-
ring 1989 in pursuance of the Act on Certain Marine
Installations of 1981 in cooperation with the Coordi-
nation Committee.

The Coordination Committee completed their pro-
posals with regard to the requirements for health
officers and recreation facilities on mobile ma-
rine installations. The pertaining instructions
will be effective as of January 15th, and April Ist.,
1990 respectively.

EEC Coordination

The coordination in 1989 of safety regulations
within the European Community included pre-
parations of proposed guidelines or importance
for marine installations; the work was performed
by Danish Autohrities in cooperation with the
Coordination Committee and comprises:

— Minimum requirements for safety and health
at work.

— Minimum requirements for safety and health
in conjunction with employees’ use of machi-
nes, apparatus and installations.

— Minimum requirements for the use of personab
safety equipment at work by employees.

— Construction of personal safety equipment.

Supervision of Mobile Offshore Facilities

During 1989 the Energy Agency initiated the pre-
paration of guidelines under supervision for mo-
bile offshore facilities. The work is carried out in
pursuance of order No. 711, issued by the Mini-
ster of Energy in 1987 and entitled Safety etc., on
Marine Installatiohs.

The guidelines are primarily aimed at the as-
surance of the availability of documentation on
the mobile facilities that the design, construction
and operation are in accordance with current
regulations and standards. This documentation
shall include procedures for maintenance, work
performance etc.

Regarding permanent facilities the operator as-
sumes the supreme responsibility with regard to
the availability of an internal contral system com-
prising all activities on the facility. Spot checks
and other control measures are maintained by
the Agency in order to ensure adherence to the
control system by the operator.
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Supervision of Permanent Offshore Facilities

The preparation of guidelines for internal control
systems with regard to engineering, construction
and installation of permanent facilities was initi-
ated during 1988 and continued in 1989. Comple-
tion of this work 1s expected during 1990.

Safety And Working Environment

All permanent offshore installations were inspec-
ted by the Energy Agency during 1988 with emp-
hasis placed on safety and working conditions, in
particular with regard to fire protection proce-
dures end equipment.

The organisation and mode of operation with
regard to safety on the permanent offshore facili-
ties follows the same regulations as those appli-
cable onshore. This includes the establishment of
a safety committee and a number of safety groups
on each installation for the maintenance of safety
for all work activities.

Procedures for Approval of Mobile Offshore
Facilities

Approval for utilisation is required by the Energy
Agency with regard to mobile offshore facilities.

Facilities under foreign registration are usually
inspected prior to entry into Danish waters.
Approval for utilisation requires that the facili-
ties satisfy Danish regulations with regard to sa-
fety, working environment and maritime condi-
tions.

The Energy Agensy issued approval for utilisa-
tion of the following mobile offshore facilities
(drilling equipment) during 1989:

_ Neddrill Trigon, Holland.

— Mearsk Endeavor, Denmark.
— Mzrsk Guardian, Denmark.
_ Glomar Baltic I, USA.

_ Glomar Moray Firth I, USA.
— Shell Driller, UK.

— West Sigma, Norway.

Zeepipe

Statoil was granted approval in 1989 for the
partly installation of a 40 inch gas pipeline in
Danish waters. The pipeline will connect the
Norwegian Troll and Sleipner Fields to Zee-
brugge in Belgium and extend over the Danish
North Sea sector along 20 kilometres located in
the area adjacent to the UK sector.

Installation in Danish water is expected during
1991; implementation of the Zeepipe project is
estimated during the summer of 1993.

Accidents and Injury

A total of 16 work accidents were reported in
offshore activities during 1989, i.e. 11 on mobile
and 5 on permanent installations respectively.
There was no report of fatal accidents or serious
personal injury during the year. In terms of acci-
dents versus man hours the reported accident
rate corresponds to 3.4 accidents per million
work hours for the permanent installations and
12.7 accidents per million work hours for the
mobile facilities. The accident frequency for the

permanent installations are summarised in Table
7.1.

Table 7.1 Accident Frequency, Permanent Installations

—

|_ 1984 1985

1986 1987 1988 1989 l

=
| Accidents
per million

| man hours 36
|

34 40 40 10

The decline in the accident frequency shall be
seen in light of intensified information and edu-
cational activity.




Training and Research

Training

In conjunction with the licence awards under the
Ist, 2nd and 3rd Rounds, agreements were made
between the licence groups and the Ministry of
Energy concerning research commitments and
training/educational offers.

The utilisation of the educational activities as
offered by the companies has taken place accor-
ding to plan, three training commitments cur-
rently remain outstanding from the Danish 2nd
Round.

The agreements on educational support by the
companies furthermore provided scholarships
with regard to oil and gas related studies at uni-
versities and organisations abroad, guest pro-
fessorships in Denmark and the implementation
of a video educational programme.

Research and Development

A total of DKK 80 million was allocated to rese-
arch and development under the Danish 1st, 2nd
and 3rd Rounds awards.

At the end of 1989 DKK 56 million had been used
in conjunction with related project completion
and initiation.

The funds were primarily allocated to:

— Geology and Geophysics

— Reservoir conditions

— Installation and Platforms

— Environmental protection

— Automation, sound and signals
— Computer software.

The Energy Research Programme, 1990.

The Energy Agency assumes the responsibility
for the evaluation of project applications with
regard to the oil and gas activities.

A total of 65 applications had been received at the
expiry of the application period on the 1st Au-
gust, 1989 with a combined request for financial
support corresponding to DKK 159 million. The
Ministry of Energy recommended financial sup-
port comprising 16 projects corresponding to
DKK 14 million.

EEC Hydrocarbon Research Programme.

The collective annual financial support from the

European Community corresponds to approxi-
mately DKK 290 million.

Project support may be provided up to 40 per
cent of the total project cost. Four projects in-
cluding Danish content received financial sup-
port from the EEC research programme during
1989.
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Appendix A

Concessionaires in Denmark
(31st. December, 1990)

Group

Share

Dansk Undergrunds Consortium (DUC):

A.P. Mgller (Concessionaires)

39.00%

Shell Olie- og Gasudvinding Danmark  46.00%

Texaco Denmark Inc.
Mzersk Olie og Gas A/S is operator

1st. Round:

Amoco Denmark Exploration Co.
Block 5504 (operator)

FLS-Energy A/S

DOPAS

Amoco Denmark Exploration Co.
Block 5611 (operator)

FLS-Energy A/S

DOPAS

Britoil Danmark (operator)
Amerada Hess (Denmark) A/S
Dansk Landbrugs Grovvare-
selskab a.m.b.a.

Danoil Exploration A/S
Olieselskabet Danmark a.m.b.a.
DOPAS

2nd Round:

Agip Danmark Olie- og Gasefter-
forskning ApS (operator)

Fina Exploration Denmark S.A.
OMYV Erdél-Aufsuchungsges. m.b.H.
DOPAS

Amoco Denmark Exploration Co.
(operator)

FLS-Energy A/S

DOPAS

15.00%

66.67%
10.00%
23.33%

75.00%
10.00%
15.00%

38.75%
38.75%

1.25%
1.19%
0.06%
20.00%

40.00%
28.80%
11.20%
20.00%

75.00%
5.00%
20.00%

Group

Norsk Hydro Udforskning a.s.
(operator)

Enterprise Petroleum Ltd.

Gas Council (Exploration) Ltd.
Amerada Hess (Denmark) A/S
Dansk Oliesegning K/S

Korn- og Foderstof Kompagniet A/S
DENERCO K/S

DOPAS

DANOP is operator in licence no. 4/86,
Dogger West

Statoil Efterforskning og
Produktion A/S (operator)
BHP Petroleum Inc.

Total Marine Danmark
LD Energi A/S

EAC Energy A/S
DENERCO K/S

DOPAS

3rd. Round:

A.P. Mgller

Shell Olie- og Gasudvinding Danmark
Texaco Denmark Inc.

DOPAS

Mersk Olie og Gas A/S is operator

Amoco Denmark Exploration Co.
(operator) Block 5603, 5504
FLS-Energy A/S

DENERCO K/S

DOPAS

Amoco Denmark Exploration Co.
(operator) Block 5606, 5514, 5414
FLS-Energy A/S

DENERCO K/S

DOPAS

Share

19.50%
19.50%
13.70%
9.80%
7.50%
2.50%
7.50%
20.00%

26.50%
21.00%
12.00%
7.50%
4.00%
9.00%
20.00%

26.66%
26.66%
26.66%
20.00%

70.00%
5.00%
5.00%

20.00%

80.00%
5.00%
5.00%

10.00%
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Group

Elwerath Erdgas und Erd6l GmbH
Brigitta Erdgas und Erdél GmbH
C. Deilmann AG

Deutsche Schachtbau- und
Tiefbohrgesellschaft GmbH
RWE-DEA AG

Elf Aquitaine Deutschland GmbH
Wintershall AG

Preussag AG

DENERCO K/8

DOPAS

BEB is operator

Danop is cooperator

Cluff Oil plc. (operator)
Zenith Resources Ltd.
DOPAS

Norsk Hydro Udforskning (operator)

Du Pont E & P No. 6 B.V.

Gas Council Ltd.

Danoil Exploration A/S

Korn- og Foderstof Kompagniet A/S
DENERCO K/S

DOPAS

Danop is operator in licence 8/89

Jordan Dansk Corporation
G.B.T. Northern Corporation
DENERCO K/$S

DOPAS

Danop is operator

RWE-DEA AG Block 5504
Wintershall AG
DENERCO K/8

DOPAS

Danop is operator

RWE-DEA AG Block 5414
Wintershall AG
DENERCO K/8

DOPAS

Danop is operator

Share

14.17%
15.15%
6.60%

7.58%
5.15%
8.70%
7.58%
7.58%
7.50%
20.00%

63.00%
27.00%
10.00%

21.75%
29.00%
18.31%
1.81%
1.81%
7.50%
20.00%

25.00%
60.00%

5.00%
10.00%

36.25%
36.25%

7.50%
20.00%

42.50%
42.50%

5.00%
10.00%
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Exploration and Appraisal Wells, 1978-1989

Well name
Number

Tostrup-3
5609/10-3

Tostrup-3
5609/10-3
Tove-1
5505/21-3
Vagn-2
5505/21-2
Per-1
5505/05-1
Ars-1/1A
5606/07-1
Nils-1
5505/17-5
Tostrup-4
5609/10-4
Dan M-9
5505/17-6
Linde-1
5608/18-2
Lulu-1
5604/22-1
Tostrup-5
5609/10-5
Stenlille-1
5511/15-1
Tostrup-6
5609/10-6
Lagumkloster-1
5508/32-1
Tostrup-7
5609/10-7
Tender-3
5408/04-3
Vamnas-1
5509/31-1
Adda-2
5504/08-2
Brans-1/1A
5508/27-1
Midt Rosa-1
5504/15-2
Tostrup-8
5609/10-8
Tostrup-9
5609/10-9
Roar-2/2A
5504/07-3
Tostrup-10
5609/10-10
Farsa.]
5609/06-2
Otto-1
5604/25-2

Operator
Rig

DONG
DST SMG FB-291

DONG

DST SMG FB-291
Chevron

Marsk Explorer
Chevron

Marsk Explorer
Chevron

Mzrsk Explorer
Dong

CH 1400E
Chevron

Meersk Explorer
Dong

DST 1400/23
Chevron

Marsk Explorer
Elsam

Cabot Franks 900
Chevron

Sedco .

Dong

Ideco BIR-800
Dong

Ideco BIR-800
Dong

Ideco BIR-800
Dansk Boreselskab
Deutag T-14
Dong

Ideco BIR-800
Dansk Boreselskab
Deutag T-14
Dansk Boreselskab
Deutag T-14
Chevron

Dyvi Beta

Dansk Boreselskab
Deutag T-14
Chevron

Dyvi Beta

Dong

Ideco BIR-8085
Dong

Ideco BIR-8085
Chevron

Dyvi Beta

Dong

Ideco BIR-8085
Dong

Ideco BIR-8055
Chevron

Dyvi Beta

Lat. North Total depth Spud

Long. East

56°38'06"
09°24'06"
56°38"06"
09°24"06"
55°15"17°
05°09"45
55°19"21
05°09"44'
55°47"30"
05°05"01"
56°47"44’
09°30"32’
55°23"15'
05°13"37'
56°39"06
09°2039
55°26"48"
05°06"33
56°26"04'
08°26"35°
56°20"03"
04°17"37
56°38"32'
09°24"59°
55°32"38"
11°37"06"
56°38"24’
09°25"17
55%02"33'
08°57/04'
56°38"40
09°25"22’
54°57"30"
08°51"28"
55°02"13’
09°35"32
55°48"20
04°50"41"
55°12"04'
08°44"08’
55°35"39"
04°30"05"
56°38"20"
19°24"56"
56°38"10"
09°25"15"
55°45"10"
04°39"56"
56°38"14
09°24"34"
56°46"53"
09°21"50°
56°09"07'
04°11"23"

Formation

1593 metres

1593 metres

1878 metres
U. Permian
1930 metres
U. Permian
2781 metres
Precambrian
3401 metres
U. Triassic
2033 metres
U. Permian
1610 metres

2093 metres
U. Cretaceous
2237 metres
U. Triassic
3720 metres
U. Permian
1609 metres

1664 metres
U. Triassic
1614 metres

2724 metres
Ordovician
1746 metres

1840 metres
L. Triassic
2236 metres
Pre U.Permian
2743 metres
U. Jurassics
2539 metres
Pre U.Permian
2143 metres
U. Permjan
1435 metres

1456 metres
1981-08-30
2683 metres
L. Cretaceous
1594 metres

2952 metres
U. Triassic
2682 metres

U. Permian

Completed

1978-04-21
1978-05-26

1978-04-21
1978-05-26
1978-08-09
1978-10-15
1978-08-09
1978-09-04
1978-10-18
1978-11-23
1978-11-06
1979-09-03
1978-12-03
1979-02-19
1979:03-10
1979-10-22
1979-09-10
1979-12-04
1979-11-22
1980-01-24
1980-01-03
1980-09-17
1980-04-21
1980-10-19
1980-06-07
1980-07-10
1980-07-14
1980-08-27
1980-07-31
1980-10-31
1980-08-30
1980-10-13
1980-10-10
1980-11-10
1980-11-20
1980-12-23
1981-01-03
1981-03-03
1981-01-11
1981-04-11
1981-03-16
1981-06-06
1981-05-31
1981-07-14
1981-07-19

1981-08-08
1981-11-07
1981-09-03
1981-10-21
1981-10-22
1982-01-24
1981-12-21
1982-03-20

Well name
Number

Thisted-2
5608/03-1
Jens-1
5504/11-2
Boje-1
5504/07-4
Mona-1
5604/21-]
Emma-1
5505/18-1
Sellested-1
5411/06-1
Dan M-10
5505/17-7
Elin.]
5504/02-1
Tender-5
5408/04-4
Sten-1
5603/27-1
Sydest Igor-1
5505/14-1
Tender-4
5408/04-5
Olaf.]
5503/03-1
Nord Arne T-3
5604/25-3
st Rosa-1
5504/15-3
Midt Rosa-2
5504/14-1
Edna-1
5504/10-1
Karl-1
5604/21-2
Hans-]
5612/21-1
Thisted-3
5608/03-2
Vest Lulu-1
5604/21-3
Nora-1
5504/02-2
John-1
5504/20-1
@st Rosa-2
5504/15-4
Kraka A-3
5505/17-8
Cleo-1
5604/18-1
Gert-1
5603/27-2

Operator

Rig

Dong

Ideco BIR-8085
Chevron

Dyvi Beta
Chevron

Dan Earl

Chevron

Dyvi Beta
Chevron

Meersk Explorer
Dansk Boreselskab
Deutag T-14
Dansk Boreselskab
Mzrsk Explorer
Chevron

Dyvi Epsilon
Dong

National 80 U
Chevron

Dyvi Beta
Chevron

Marsk Explorer
Dong

National 80 UE
Dansk Boreselskab
Marsk Explorer
Chevron

Dyvi Beta
Chevron

Dyvi Epsilon
Chevron

Dyvi Epsilon
Chevron

Marsk Endeavour
Chevron

Dyvi Beta

Dansk Boreselskab
Marsk Explorer
Dong

Kenting 21E
Chevron

Dyvi Epsilon
Chevron

Dyvi Beta
Chevron

Marsk Endeavour
Chevron

Marsk Endeavour
Chevron

Marsk Endeavour
Chevron

Dyvi Epsilon
Chevron

Dyvi Epsilon

Lat. North
Long. East

56°57"56
08°42"57'
55°42"49°
04°32"12°
55°5002"
04°40"40’
56°16"36'
04°00"16'
55°29"3)"
05°21"28'
54°48"05"
11°17"55°
55°28"30"
55°05"07
55°56"51"
04°22721"
54°5703"
08°49"55°
56°07"48’
03°37"35'
55°33"55"
05°16"02'
54°57"35"
08°50"50"
55°58"21"
03°44"06°
56°10"44’
04°10"48’
55°34"47
04°36"41"
55°36"18"
04°29"21°
55°39"12"
04°25"12"
56°17"43’
04°03"12'
56°21"55'
12°00751"
56°57"59"
08°44"26"
56°20"26"
04°13"28'
55°58"09
04°24"04'
55°24"48'
04°48"45'
55°35"14'
04°35"08"
55°23"38"
05°04"47'
56°23"23'
04°25"23"
56°13"09’
03°43"57"

Total depth Spud

Formation

3287 metres
Triassic
4420 metres
Triassic
2779 metres
U. Jurassic
4239 metres
U. Jurassic
2736 metres
Triassic
2694 metres
L. Permian
2018 metres
Cretaceous
4719 metres
U. Jurassics
1915 metres
L. Triassicsic
4115 metres
Jurassic
3297 metres
U. Jurassics
1870 metres
L. Triassic
4395 metres
Jurassic
2819 metres
U. Permian
1525 metres
U. Permian
2069 metres
U. Permian
4125 metres
Triassic
4717 metres
L. Permian
3031 metres
Permian
1242 metres
Trias./Juras.

817 metres
U. Permian

Completed

1982-02-04
1982-03-28
1982-03-24
1982-09-23
1982-04-01
1982-06-08
1982-10-03
1983-02-09
1982-10-26
1982-11-28
1982-10-27
1982-12-11
1982-12-16
1983-02-16
1983-01-27
1983-04-27
1983-02-13
1983-03-09
1983-02-17
1983-04-17
1983-02-20
1983-04-01
1983-03-13
1983-03-30
1983-04-17
1983-07-26
1983.04-23
1983-07-07
1983-05-01
1983-07-03
1983-07-07
1983-09-08
1983-07-12
1983-10-08
1983-07-12
1983-10-04
1983-08-04
1983-10-09
1983-08-10
1983-08-26
1983-09-11
1984-01-18
1983-10-10
1984-02-28
1983-10-24
1983-11-10
1983-11-14
1984-01-25
1984-01-31
1984-06-04
1984-02-06
1984-04-29
1984-05-01
1984-07-29
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Well name Operator Lat. North Total depth Spud Well name Operator Lat. North Total depth Spud
Number Rig Long. East Formation Completed Number Rig Long. East Formation Completed
Elly-1 Chevron 55°47"15' 1984-06-08 Ost Rosa FL-1 Marsk Olie og Gas  55°33"51" 1986-03-24
5504/06-1 Mzrsk Endeavour  04°17"40' 1984-08-15 5504/15-6 Marsk Endeavour  04°37'50" 1986-04-30
Liva-1 Chevron 55°55"32' 1984-08-02 Midt Rosa Fl-1 Marsk Olie og Gas  55°35"27" 1986-05-04
5503/04-1 Dyvi Epsilon 03°49"31" 1484-09-30 5504/15-7 Mazrsk Endeavour  04°31733° 1986-06-11
Adda-3 Chevron 55°47"50" 1984-08-31 VestLulu-4  Mersk Olie og Gas  56°19"05 1986-07-27
5504/08-3 Dan Earl 04°53"26" 1984-10-25 5604/21-6 Mazrsk Endeavour ~ 04°10716" 1986-09-12
Nils-2 Chevron 55°23"10’ 1984-10-31 Gwen-2 Mersk Olie og Gas  56°06"52' 1986-09-30
5505/17-9 Dan Earl 05°13"41" 1984-12-29 5604/29-3 Marsk Endeavour  04°04°10' 1986-12-15
Iris-1 Britoil 56°06"45" 1984-11-05 Mejrup-1 Phillips 56°22'39° 2532 metres  1987-03-22
5604/30-1 Dan King 04°1821'  Jurassic 1985-02-24 5608/19-1 Kenting 36 08°40"36'  Triassic 1987-04-29
Dyb Adda-1 ~ Chevron 55°48"13' 1985-01-01 Felicia-1 Statoil 57°26"18' 5321 metres  1987-07-03
5504/08-4 Dan Earl 04°58"24 1985-02-17 5708/18-1 Marsk Guardian ~ 08°18"41’  Permian 1987-12-03
Vest Lulu-2 Chevron 56°19"48' 1985-02-21 Gert-3 Marsk Olie og Gas  56°12"43’ 1987-07-21
5604/21-4 Dan Earl 04°12'13' 1985-04-23 5603/28-2 Marsk Endeavour ~ 03°45"49' 1987-10-28
Gert-2 Chevron 56°11"50 1985-02-27 Stenlille-2 Danop 55°32"17" 1987-07-27
5603/28-1 Marsk-Endeavour ~ 03°46"50° 1985-07-29 5511/15-2 Kenting 36 11°36"18" 1987-08-28
Elna-1 Chevron 56°26"55 1985-05-01 Ibenholt-1 Phillips 56°23'26' 2599 metres  1987-08-11
5604/19-1 Dan Earl 04°31"43' 1985-06-14 5605/20-1 Dyvi Sigma 05°58"29'  Precambrian  1987-09-24
Ugle-1 BP 55°43"15' 3057 metres  1985-05-07 Dyb Gorm-1 ~ Marsk Olie og Gas  55°34"04' 1987-08-18
5505/09-2 Transocean 7 05°12'10'  Paleozoic 1985-06-24 5504/16-5 Zapata Scotian 04°45"50' 1987-12-04
Thisted-4 Amoco 57°01"19' 3418 metres  1985-05-19 Stenlille-3 Danop 55°32"17" 1987-08-30
5708/31-2 Kenting 31 08°4207  Permian 1985-07-18 ' 5511/15-3 Kenting 36 11°36"18’ 1987-09-16
Terne-1 Amoco 56°20"39' 3361 metres  1985-05-29 Ravn-2 Amoco 55°50"35' 4507 metres  1987-09-16
5611/23-1 Dyvi Epsilon 11°30"20'  Pre-/Cambrian 1985-08-16 5504/05-1 Dan Earl 04°13"41'  Triassic 1987-11-17
John Flanke-1  Chevron 55°24"28' 1985-06-20 Tostrup-11 Danop 56°37"55' 1987-10-10
5504/20-2 Dan Earl 04°50"10" 1985-07-19 5609/10-11 Kenting 36 09°25"24' 1987-11-07
Lone-1 Chevron 56°08"35 1985-06-30 Elly-2 Marsk Olic og Gas  55°47"19 1987-11-15
5603/27-5 Mzrsk Endeavour 0331758’ 1985-09-03 5504/06-2 Neddrill Trigon 04°19"05 1988-05-31
Kvars-1 Marsk Olie og Gas  54°56"28' 1985-07-27 Jeppe-1 Norsk Hydro 56°11"04' 5050 metres  1987-12-10
5409/02-1 Kenting 31 09°28"49' 1985-09-09 5603/28-3 Marsk Guardian ~ 03°54"36°  Permian 1988-03-02
Nord Jens-1 Chevron 55°49"59’ 1985-08-07 Borg-1 Danop 55°02"57' 3074 metres  1988-04-18
5504/07-5 Mazrsk Endeavour  04°33"35' 1985-11-12 5508/32-2 Kenting 34 08°48"23'  Paleozoic 1988-05-29
Saby-1 Dopas 57°21"24' 1854 metres  1985-08-07 Gulnare-1 Statoil 56°10"13' 4735 metres  1988-06-02
5710/22-1 Boldon-41 10°23"44'  Paleozoic 1985-08-28 5604/26-1 Mzrsk Endeavour  04°26"41'  Jurassic 1988-09-19
Kegnas-1 Texaco 54°50"51' 2591 metres  1985-08-21 Stenlille-4 Danop 55°31"06" 1988-07-19
5410/05-1 Dyvi Epsilon 10°05"15'  U.Permian  1985-10-05 5511/15-4 Kenting 36 11°35"14 1988-08-09
Skive-2 BP 56°35'37' 1456 metres  1985-09-02 Stenlille-5 Danop 55°32"08' 1988-08-14
5609/13-1 Boldon-41 09°00"21'  U. Triassic 1985-09-25 ' 5511/15-5 Kenting 36 11°37"33 1988-09-03
Vest Lulu-3 Chevron 56°20"58' 1985-09-12 Stenlille-6 Danop 55°33"29' 1988-09-07
5604/21-5 Marsk Endeavour  04°12'34 1985-12-11 5511/15-6 Kenting 36 11°39"09' 1988-09-27
Kim-1 Chevron 56°07"02' 1985-10-03 Tordenskjold-1 Danop 55°56"19' 3703 metres  1988-12-14
5603/30-1 Glomar Labrador 1 03°29"53' 1985-12-31 5503/03-2 Neddrill Trigon 03°3231'  L.Permian  1989-02-04
Nord Jens-2 ~ Chevron 55°49"59’ 1985-11-16 Pernille-1 Norsk Hydro 55°00"54' 1989-06-12
5504/07-6 Mzrsk Endeavour  04°33"36' 1985-12-28 5514/30-1 Glomar Moray Firth 14°18"43’ 1989-06-06
Lulu-2 Marsk Olie og Gas  56°19"06" 1985-12-15 Stina-1 Amaco 54°47"20" 1989-06-12
5604/22-2 Marsk Endeavour ~ 04°17°31" 1986-03-18 5414/7-1 Glomar Moray Firth 14°37"44' 1989-07-11
Diamant-1 Phillips 56°00"23' 4242 metres  1986-01-10 Falk-1 Amoco 55°50"01" 1989-07-23
5603/32-2 Glomar Labrador |  03°53°44’ L. Permian 1986-03-18 5504/6-3 Glomar Moray Firth 04°18"50' 1989-09-05
Dst Rosa-3 Marsk Olie og Gas  55°35"36' 1986-01-20 Gert-4 Marsk Olie og Gas  56°13"18’ 1989-11-02
5504/15-5 Dyvi Epsilon 04°36"31" 1986-03-10 5603/27-4 Marsk Endeavour  03°43"48’

Ravn-1 Amoco 55°52"35' 5013 metres  1986-03-24

5504/01-2 Dyvi Epsilon 04°13'52"  Permian 1986-07-17




Appendix C

Exploratory Surveys, 1989

‘ Survey

Operator Type Initiated Area Acquistion
Contractor Terminated
Seismic Surveys
AMBS89C Amoco Denmark Offshore 1989-03-22  Central Graben 798 km
Teledyne Exploration 3D 1989-04-20
AMB89C Amoco Norway Offshore 1989-09-27  Central Graben 30 km
| BES9C BEB Erdél u. Erdgas Offshore 1989-05-27  Central Graben 633 km
| Prakla Seismos AG 3D 1989-06-16
DK89C Mazrsk Olie og Gas A/S  Offshore 1989-03-18  Central Graben 1.267 km
Western Geophysical 1989-04-09
LG89K Lab. f. Geofysik Offshore 1989-09-09  Kattegat 760 km
1989-09-14
NP89C Nopec A/S (spekulativ) Offshore 1989-12-02  Central Graben 390 km

CGG
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Danish Oilproduction 1972-1989, million m’

[

Year Dan Gorm Skjold Tyra Rolf Total
1972 0.11 0.11
1973 0.15 0.15
1974 0.10 0.10
1975 0.19 0.19
1976 0.23 023
1977 0.58 0.58
1978 0.49 0.49
1979 0.49 0.49
1980 0.34 0.34
1981 0.34 0.53 0.88
1982 0.31 1.64 0.02 1.97
1983 0.28 1.84 0.40 252
1984 0.36 1.63 0.65 0.07 271
1985 0.45 1.80 0.85 0.35 3.46
1986 0.47 1.72 1.07 0.57 0.47 4.29
1987 1.23 1.50 1.21 0.84 0.65 541
1988 1.50 1.35 1.37 0.95 0.40 5.57
1989 1.47 1.35 2.21 1.05 0.40 6.48
Total 9.10 13.36 7.79 3.83 1.90 35.98
Danish Gasproduction 1972-1989, billion Nm’
Year Dan Gorm Skjold Tyra Rolf Total Sold
1972 0.02 0.02
1973 0.03 0.03
1974 0.03 0.03
1975 0.06 0.06
1976 0.07 0.07
1977 0.17 0.17
1978 0.16 0.16
1979 0.16 0.16
1980 0.07 0.07
1981 0.08 0.08 0.16
1982 0.08 0.27 0.35
1983 0.08 0.43 0.04 0.55
1984 0.13 0.51 0.06 0.26 0.96 0.22
1985 0.21 0.65 0.08 1.12 2.06 1.04
1986 0.24 0.78 0.10 1.63 0.02 2.77 1.80
1987 0.44 0.88 0.10 2.65 0.03 4.10 2.30
1988 0.60 0.98 0.11 3.36 0.02 5.07 2.27
1989 0.71 0.89 0.19 3.52 0.02 532 2.68
Total 3.35 547 0.68 12.54 0.09 22.12 1031

Part of the gas has been reinjected
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Danish Production of Oil and Condensate, 1989 thousands
Feb March April May June July Aug Sep  Oct
101 118 114 118 1923 127 126 195 126
107 116 125 115 114 116 113 99 107
158 177 190 197 181 188 194 191 194
95 91 91 88 68 63 87 81 89
23 27 35 38 38 40 37 34 35
484 529 555 556 524 534 557 530 551
Danish Gas Production, 1989 million Nm?
| &= D Feb Mt e
Jan  Feb March April May June July  Aug Sep Oct Nov Dec J 989
f Dan 52 48 56 54 54 57 62 61 59 63 68 71 705
| Gorm 79 73 81 75 73 67 76 72 61 71 74 90 892
Skjold 14 13 15 15 16 16 17 17 17 18 17 16 191
Tyra 356 325 290 302 295 217 202 298 268 307 335 324 3519
/ Rolf 1 1 1 1 2 2 2 2 2 1 1 1 17 !
| Total 502 460 443 447 440 359 359 450 407 460 495 502 5324 |
— e —_— ]
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Appendix D

Domestic Energy Consumption 1972-89, Distributed on Fuels, Energy Production and
Rate of Self-sufficiency (mio.t.0.e)

Alternative Energy. Self-

Qil Gas Coal Energy Total Prod.  sufficiency

1972 17.7 - 1.2 0.2 19.1 0.3 2
1973%) 17.4 - 1.9 0.2 195 0.3 2
1974%) 15.9 - 1.7 0.2 17.8 0.3 2
1975 15.2 - 2.1 0.3 17.6 0.4 2
1976 15.9 - 2.8 0.3 19.0 0.5 2
1977 16.0 - 3.2 0.3 19.5 0.8 4
1978 16.0 - 4.0 0.3 20.3 0.7 4
1979 15.9 - - 4.7 0.4 21.0 0.8 4
1980 13.1 - 5.8 0.4 19.3 0.7 4
1981 11.6 0.0 6.0 0.5 18.0 1.3 7
1982 10.9 0.0 6.2 0.5 17.6 2.3 13
1983 10.2 0.0 6.6 0.6 174 2.9 16
1984 10.1 0.2 7.1 0.6 18.0 33 18
1985 10.5 0.6 7.3 0.7 19.1 4.7 25
1986 10.1 1.1 7.4 0.8 194 6.3 33
1987 9.6 1.5 7.7 0.9 19.7 7.9 40
1988 9.0 1.6 7.6 0.9 19.1 8.1 42
1989%) 8.6 1.8 7.5 1.0 18.9 9.3 49

Climatic correction has not been considered. This survey indicates gross energy consumption i.e. including shrinkage.

Domestic Energy Consumption 1972-1989 Distributed on Utilization (mio. t.o.e.)

l Residential Process Transport El Appliances Non-energy Total
‘ 1972 7.3 4.9 3.3 2.6 1.0 19.1
1973*) 7.5 5.2 3.3 2.6 09 195
1974%) 6.3 49 3.1 2.6 09 178
1975 6.3 4.6 3.2 2.6 09 176
1976 6.9 5.0 3.3 2.9 09 19.0
1977 7.0 5.2 3.3 3.1 0.9 195
1978 7.0 5.5 3.6 3.3 09 203
1979 7.4 5.8 3.6 3.3 09 210
1980 6.3 5.5 3.4 3.3 0.8 193
1981 5.7 5.0 3.2 3.4 0.7 180
| 1982 5.6 4.7 3.3 3.3 07 176
| 1983 5.3 4.6 34 3.3 08 174
| 1984 5.3 4.9 3.6 3.4 08 180
| 1985 6.1 5.0 3.6 3.5 09 191
l 1986 6.0 5.2 3.7 3.6 09 194
1987 6.1 5.1 3.8 3.7 1.0 197
| 1988 5.4 5.2 3.7 3.8 1.0 191
| 1989%) 5.1 5.3 3.7 3.8 1.0 189
L

Including shrinkage, climatic correction has not been considered in'this survey.

*) Estimates.
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Field name: Dan

Prospect: Abby

Location: Block 5505/17
Concessionaire: A.P. Mgller

Operator: Mzrsk Olie & Gas A/S
Discovered: 1971

Year on stream: 1972

Producing wells: 47

Injection wells: 1

Water depth: 40 m (131 ft)

Acreage: 30 km? (7,400 acres)

Reservoir depth: 1,850 m (6,070 ft)

Reservoir rock: Chalk
(Danian/Maastricht.)

Reserves Expectation

Oil: 45 million m?®
(283 MM bbls)

Gas: 17 billion Nm?
(633 BSCF)

Cumulative Production

Oil: 9.1 million m?
(567 MM bbls)
Gas: 3.4 billion Nm3
(127 BSCF )
Review of Geology

Dan is an anticlinal structure induced through
salt tectonics of the Zechstein/Triassic. The
chalk reservoir has an adequate porosity, al-
though strongly reduced permeability. A major
northeast-southwest fault divides the field into
two independent reservoirs.

Production Facilities

The field installation comprises five well head
platforms (A, D, E, FA and FB), two processing/
accommodation platforms (B and F C) and one
gas flare stack (C).

Processing of the produced oil and gas mainly
takes place at Dan FC, the older processing facili-
ties at Dan B are only used for temporary, indivi-

dual well production testing. Final processing of

the produced oil is performed at Dan FC prior to
export ashore via the booster platform at Gorm
E. The Gas is pre-processed at Dan FC and fur-

ther transported to Tyra East for final processing
and export ashore. Water treatment and pum-
ping facilities for water injection were also instal-
led at Dan FC. The accommodation capacity at
the Dan Field corresponds to 91 persons.

Field name: Gorm

Prospect: Vern

Location: Blocks 5504/15 and 16
Concessionaire: A.P. Mgller

Operator: Mzrsk Olie & Gas A/S
Discovered: 1971

Year on stream: 1981

Producing wells: 21

Gas injection wells: 2

Water injection wells: 3

Water depth: 39 m (128 ft)

Acreage: 12 km* (3,000 acres)

Reservoir depth: 2,200 m (7,218 ft)

Reservoir rock: Chalk
(Danian/Maastn'cht.)

Reserves Expectation

Oil: 26 million m?
(164 MM bbls)

Gas: 6 billion Nm?®
(223 MSCF)

Cumulative production

Oil: 13.4 million m®
(84 MM bbls)

Sales gas: 0.3 billion Nm?
(11 BSCF)

Injection gas: 5.2 billion Nm?®
(194 BSCF)

Review of Geology

Gorm is an anticlinal structure due to Zechstein
salt tectonics. A major fault extending north-
south divides the field into two individual reser-
voirs. The western reservoir block is considerably
fractured.

Production F acilities

The Gorm Field consists of two wellhead plat-
forms (A and B), one processing/accommodation
platform (C), one gas flare stack (D) and one
riser/booster platform (E).
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Final processing of oil and gas takes place at
Gorm C prior to export ashore via Gorm E (oil)
and Tyra East (gas). The gas reinjection facilities
are installed at Gorm C. Total accommodation
facilities correspond to 98 persons.

Field name: Skjold

Prospect: Ruth

Location: Block 5504/16
Concessionaire: A.P. Mgller
Operator: Mersk Olie & Gas A/S
Discovered: 1977

Year on stream: 1982

Producing wells: 2

Water injection wells: 3

Observation well: 1

Water depth: 40 m (131 ft)
Acreage: 10 km? (2,500 acres)
Reservoir depth: 1,600 m (5,250 ft)

Chalk
(Danian/Maastricht.)

Reservoir rock:

Reserves Expectation

Oil: 29 million m®
(182 MM bbls)

Gas: 3 billion Nm®
(112 BSCF)

Cumulative Production

Oil: 7.8 million m®
(49 MM bbls)
Gas: 0.7 billion Nm®
(26 BSCF)
Review of Geology

The Skjold Field is an anticlinal structure indu-
ced through Zechstein salt tectonics. The struc-
ture is heavily fractured which has resulted in
favourable reservoir conductivity, in particular
within the crestal part of the structure.

Production Facilities

The Skjold Field comprises a satellite develop-
ment to the Gorm Field, including one unman-
ned well platform. The produced oil and gas are
transported by pipeline to Gorm C for processing
and export ashore.

Temporary water treatment and injection facili-
ties have been installed on a modified jack-up
drilling rig attendant to the Skjold wellhead plat-
form.

Field name: Tyra

Prospect: Cora

Location: Blocks 5504/11 and 12
Concessionaire: A.P. Mgller

Operator: Mzrsk Olie & Gas A/S
Discovered: 1968

Year on stream: 1984

Producing wells: 29

Gas injection wells: 8

Water depth: 37-40 m (121-131 ft)
Acreage: 52 km?® (12,800 acres)

Reservoir depth:
Reservoir rock:

2,000 m (6,562 ft)
Chalk
(Danian/Maastricht.)

Reserves Expectation

Oil: 2 million m®
(13 MM bbls)

Condensate: 11 million m®
(69 MM bbls)

Gas: 46 billion Nm®
(1.7 TSCF)

Cumulative Production

Oil 0.7 million m®
(4.4 MM bbls)
Condensate: 3.1 million m®
(19.5 MM bbls)
Sales Gas: 8.9 billion Nm®
(331 BSCF)
Injection gas: 3.6 billion Nm®
(134 BSCF)

Review of Geology

The Tyra Field is an anticlinal structure, pro-
bably related to tectonic inversion or salt tec-
tonics or both. A marked hardground separates
the Danian and the Maastrichtian chalk reservoir
rocks.
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Production F acilities

The production faciliti

line.

Final Processing of gas and stabilization of con-
densate take place at Tyra East. The stabilized
condensate is transported to Gorm E for export
ashore. Gas recycling facilities have been instal-
led at Tyra West for enhanced condensate re-

covery.

The total accommodatio
Field hold 176 persons (96 at Tyra East and 80 at

Tyra West).

Field name:

Prospect:
Location:
Concessionaire:
Operator:
Discovered:
Year on stream:

Producing well:
Observation well:
Water depth:
Acreage:
Reservoir depth:
Reservoir rock:

Reserves Expectation
Oil:

Gas:

Cumulative Production

Oil:

Gas:

es include two major pro-
duction complexes, Tyra West and Tyra East,
each consisting of two wellhead platforms, one
Processing/accommodation platform, and one
gas flare stack; a riser platform at Tyra East hou-
ses the gas export outlet into the main gas pipe-

Rolf

Middle Rosa

Blocks 5504/14 and 15
A.P. Moller

Mzrsk Olie & Gas A/S
1981

1986

1

1

34 m (112 fr)

5 km? (1200 acres)
1,800 m (5,900 ft)
Chalk
(Danian/Maastricht.)

3 million m?
(19 MM bbls)
I billion Nm?*
(37 BSCF)

1.9 million m3
(12 MM bbls)
0.1 billion Nm?3
(4 BSCF)

n facilities at the Tyra

Review of Geology

Rolf is an anticlinal Structure due to Zechstein
salt tectonics. The chalk reservoir is heavily frac-
tured resulting in favourable reservoir conduc-

tivity (compare Skjold).

Production F. acilities

The Rolf Field is a satellite development to the
Gorm Field with an unmanned wellhead plat-
form. The produced ojl and gas are transported
to the Gorm C platform via pipeline.

Field name:

Prospect:
Location:
Concessionaire:
Operator:
Discovered:
Year on stream:

Producing wells:
Water depth:
Acreage:
Reservoir depth:
Reservoir rock:

Reserves Expectation
Oil:

Gas:

Review of Geology

Dagmar

East Rosa

Block 5504/15

A.P. Mgller

Mzarsk Olie & Gas A/S
1983

1991 (planned)

2

34 m (112 ft)

9 km? (2.200 acres)
1.400 m (4.600 ft)
Chalk
(Danian/Maastricht.)

3 million m?
(19 MM bbls)
1 billion Nm?
(37 BSCF )

The Dagmar field is an anticlinal structure, indu-
ced through Zechstein salt tectonics. The stryc-

ture is heavily fractured

reservoir conductivity.

Production Facilities

The Dagmar field will be

» resulting in favouraple

developed as a satellite

to Gorm including one unmanned production
platform of the STAR type.

The produced oil and gas will be transported to a
new platform Gorm F for processing and export

ashore.
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Field name:

Prospect:
Location:
Concessionaire:
Operator:
Discovered:

Year on stream:

Producing wells:
Water depth:

Upper Cretaceous reservoir:
Acreage:

Reservoir depth:
Reservoir rock:

Lower Cretaceous reservoir:
Acreage:
Reservoir depth:

Valdemar

Bo, Boje, North Jens
Block 5504/7 and 11
A.P. Mgller

Marsk Olie & Gas A/S
1977 (Bo), 1982 (Boje)
and 1985 (North Jens)
1991 (planned)

4
38 m (125 ft)

16 km? (4,000 acres)
2,000 m (6,560 ft)
Chalk

200 km? (50.000 acres)
2,600 m (8,530 ft)

Field name:

Prospect:
Location:
Concessionaire:
Operator:
Discovered:
Year on stream:

Producing wells:
Water depth:
Acreage:
Reservoir depth:
Reservoir rock:

Reserves Expectation
Oil:

Gas:

Kraka

Anne

Block 5505/17

A.P. Mgller

Mzrsk Olie & Gas A/S
1966

1990 (planned)

2

45 m (148 ft)

50 km? (12,500 acres)
1,800 m (5,900 ft)
Chalk
(Danian/Maastricht.)

4 million m®
(25 MM bbls)
2 billion Nm®
(75 MSCF)

Reservoir rock: Limestone

Reserves Expectation

Oil: 12 million m?
(76 MM bbls)

Gas: 19 billion Nm®
(708 BSCF)

Review of Geology

Valdemar is comprised by several separate reser-
voirs, i.e. oil and gas reservoirs in chalk of Da-
nian/Maastrichtian and Campanian age and oil
reservoirs in limestone of Aptian/Barremian age
(Tuxen formation). The properties of the Upper
Chalk reservoirs are comparable to other Danish
fields as Gorm and Tyra, while the Aptian/Barre-
mian limestones possess very difficult produc-
tion properties. Some fracturing has been indica-
ted in certain areas of the limestone reservoir,
which improves the productivity.

Production Facilities

Valdemar will be developed as a satellite to Tyra,
including an unmanned production platform of
the STAR type. The produced oil and gas is
transported to Tyra East for processing and ex-
port ashore.

Review of Geology

Kraka is an anticlinal structure induced through
Zechstein salt tectonics, which has to a certain
degree caused fracturing in the chalk. The chalk
reservoir has adequate porosity, although redu-
ced permeability. The thin oil pay zone is further
characterized by high water saturations.

Production Facilities

Kraka will be developed as a satellite to Dan,
including an unmanned production platform of
the STAR type. The produced oil and gas is
transported to Dan FC for processing and export
ashore.

Prospect and Field Designations

Field Name ‘

Prospect Name

. . —— |
Abby Dan
Vern Gorm
Cora Tyra
Ruth Skjold
Middle Rosa Rolf
Bent Roar
Anne Kraka
Lulu/West Lulu Harald
East Rosa Dagmar

Valdemar

Bo/Boje/North Jens
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