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1991 was a good year for exploration and production of
Danish oil and natural gas.

Oil and natural gas production reached an unprecedented
level, and Denmark became seif-sufficient in oil and
natural gas taken as a whole. Danish oil production
meets 86% of our needs. Natural gas supplies were suffi-
cient to meet domestic demand, and another 1.3 billion
Nm? was exported to Sweden and Germany.

Danish energy production now covers 61% of total con-
sumption.

Exploration continued at a high level of activity, and
three interesting discoveries which will be evaluated
over the next few years were made.

The gratifying production experience, in particular the
use of water injection in the oil fields and the drilling of
horizontal production wells, means that the Danish En-
ergy Agency has upgraded its appraisal of Danish oil and
natural gas reserves considerably. Thus, estimated oil re-
serves have increased by 229% as compared to last year,
and natural gas reserves have been written up by 17%.

In the short term, the increase in estimated oil reserves is
expected to result in the production of about 9 million
m? of oil per year, possibly increasing to about 10-11
million m? per year in the somewhat longer term.

The increased natural gas reserves will make it possible
to supply more natural gas than that supplied under exist-
ing contracts,

Field development activities were extensive in 1991, af-
fecting all producing fields. At the same time, the Kraka
and Dagmar oil fields were brought on stream. Again
this year, the large-scale oil and gas activities were car-
ried on without any major accidents, either to persons or
to the environment.

Copenhagen, July 1992
1b Larsen

Director
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bons were encountered by the Amalie-1 well,
spudded in 1990.

Amalie-1 5604/26-2

This well was drilled approx. 12 km southeast of
the Harald Field, in an area of the North Sea allo-
cated to the Statoil group in the second licensing
round. It was drilled from August 1990 to June
1991 with Statoil as operator to a total depth
5,320 metres below sea level. The well reached
layers of Jurassic age, and confirmed the presence
of oil and gas in several Jurassic and Cretaceous
layers. Production tests were attempted in three
different layers, two of them successful. Both oil
and gas were produced in these tests.

The Danish Energy Agency considers the results
promising, but more investigations are needed in
the area in order to better assess the extent of the
- oil and gas reserves in the new discoveries. In
January 1992, the Statoil group submitted an ap-
praisal programme for the new discovery to the
Danish Energy Agency.

One encouraging factor is that the Amalie well en-
countered oil and gas in deep sand layers. Only
very few discoveries of this nature have been
made in Danish territory, and no production has
been initiated from these layers as yet.

Appraisal Activities

The following appraisal wells were spudded in
1991:

South East Tyra (E-5) 5504/12-4

The purpose of drilling this weil was to get infor-
mation about the southeastern part of the reservoir
in the Tyra Field in the Contiguous Area. It was
drilled from February to May 1991 with M&rsk
Olie og Gas AS as operator.

The well, which reached a total depth of 2,163
metres, confirmed the presence of hydrocarbons,
and a production test was performed. In Novem-
ber 1991, Mzrsk Olie og Gas AS submitted an ap-
praisal programme to the Danish Energy Agency.
The programme outlines the further appraisal
work which Mersk Olie og Gas AS intends to

carry out in the southeastern part of the Tyra Field.

Elly-3 5504/6-4

This well is an appraisal well drilled in the Elly
Field, which was declared commercial in 1988.

Fig. 24 Exploration Wells and Discoveries in
the Central Graben

Elly-3 was spudded in September 1991 with
Mzrsk Olie og Gas AS as operator. A production
test was carried out in January 1992,

Moreover, the Amoco group and DUC evaluated
the following discoveries in 1991:

Ravn 5504/1

The Amoco group made a discovery in the Ravn-1
well, which was drilled in 1986. During testing,
oil was produced from Jurassic sandstone layers.

The Amoco group is still carrying on exploration
in the area as well as evalualing the discovery
made; see below under "Changes in Licences".

Alma 5505/17

When drilling the Alma-1 well in 1990, DUC
made a discovery in a Middle Jurassic reservoir.
DUC is still evaluating this discovery, and in this
connection, the Danish Energy Agency approved
an appraisal programme for Alma in 1991.

Changes in Licences

Amoco 2/84 5504/1, 2, 5 and 6

The Amoco group obtained a further two-year
extension of licence 2/84, which thus expires in
1994, The group has drilled three wells in the
areda. A discovery was made in the Ravn-1 well,
which was drilled in 1986. The two next wells,
Ravn-2 and Falk-1, were drilled in 1987 and
1989, respectively.



















gas injection, while increasing the number of pro-
duction wells, particularly at the crest of the struc-
ture.

The whole project is proposed to be implemented
over a five-year period from 1992, All the addi-
tional installations which are required for imple-
menting the current plan will be placed on the
new Gorm F platform. Thus, a new deck will be
installed on the platform, and to make room for
the new wells, the two existing caissons, which
have a capacity for a total of eight wells, will be
supplemented by two new, larger caissons with a
capacity for a total of 16 wells. Accordingly,
Gorm F will be able to accommodate 24 wells.

Thus, a large extension of the Gorm F platform,
which became operational in June 1991, is already
being prepared. The Gorm F platform took a
heavy load off the processing facilities at Gorm
C, as the stabilization plant here is no longer to
handie production from the satellite fields, Skjold
and Rolf.

Moreover, the completion of the platform meant
that the provisional water-processing plant placed
on the rebuilt drilling rig at the Skjold platform
was no longer required.

In 1991, the Gorm Field produced 1.50 million m?
of oil, a 4% increase as compared to 1990,

Skjold

Skjold is an oil field located 10 km southeast of
the Gorm Field. The field has been developed as a
satellite to Gorm.

Production commenced in 1982, and in 1986,
water flooding of the reservoir was initiated. At
the turn of the year 1991/92, production was
taking place from four wells, while water was
injected in six wells.

Another three wells were added in 1991, viz. one
production well and two water injection wells.
The ongoing development of the Skjold Field is
aimed at displacing the oil from the whole reser-
voir into the producing wells at the top of the re-
servoir, through gradual water flooding of the
whole field.

Future recovery is expected to take place from an
increased number of production wells in the crest-
al part of the structure, with the use of increased
water injection at the flanks of the field.

In 1991, water penetration was detected in two of
the production wells in the Skjold Field. How-

ever, the water content of the oil produced is so in-
significant that it has been possible to maintain
the same level of production in the field.

As mentioned above, in June 1991, new process-
ing facilities on the Gorm F platform for handling
the oil from the satellite fields connected to the
Gorm Centre were taken into operation. The gas
produced in the Skjold and Rolf Fields is transmit-
ted from the Gorm F plant to the gas processing
facilities at Gorm C for further processing.

In 1991, Skjold produced 2.73 miilion m? of oil,
up 4% on the 1990 figure.

Rolf

Rolf is an oil field situated 15 km west of the
Gorm Field. In 1986, the field was developed as a
satellite field to Gorm, with production taking
place from one well,

From June 1991, the Rolf production was pro-
cessed together with the Skjold production at the
new processing facilities at Gorm F.

In May 1991, production was initiated from one
more well in the field. At the same time, recovery
from the original production well was supple-
mented by recovery from the Zechstein carbonates
under the chalk reservoir,

Since 1987, oil production has increasingly been
accompanied by water.

The production of water increased at a moderate
rate in 1991, so that about one half of production
consists of water today.

In 1991, the field produced 0.29 million m? of oil,
which is 8% more than in 1990.

Dagmar

Dagmar is an oil field situated about 10 km west
of the Gorm Field. The field has been developed
as a satellite to Gorm.

Production commenced in June 1991, initially
from two wells. The next stage of the develop-
ment plan is expected to be initiated in 1993,

Due to the high content of hydrogen sulphide in
the associated gas, the production from Dagmar is
processed by special facilities on the new Gorm F
platform. In the initial production period, some of
the gas is used as fuel, while the rest is flared.

15
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In February 1992, the Danish Energy Agency

granted its approval for the drilling of one ap-
praisal well in the western part of the field.
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tainty. Thus, it is probable that the field contains

The geology of the field is subject to great uncer-
several, separate reservoirs.
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Field Developments in Progress

Valdemar

Valdemar consists of a number of separate oil and
gas zones. The field is located approx. 20 km
northwest of the Tyra Field. It covers an area of
about 200 km?, and is thus the largest Danish ac-
cumulation of hydrocarbons discovered so far.

The Valdemar Field incorporates the Bo discovery
well, drilled in 1977, the Boje discovery well
from 1982, and North Jens from 1985. In March
1988, the Ministry of Energy approved a develop-
ment plan for the field. This plan provides for
phased development of the field, beginning with
the area around the North Jens well. According to
the original plan, production from up to four hori-
zontal wells should have been initiated by Octo-
ber 1, 1991,

However, recovery from the Barremian reservoir
of extremely low permeability proved more diffi-
cult than first assumed, and the experience gained
when drilling the first two wells in 1989/90 led to
a revision of the initial steps of the development
plan, approved by the Ministry of Energy on July
13, 1990. The revised plan operates on the prem-
ise that production will start from three horizontal
wells in December 1992.

A STAR platform is to be installed in the field,
which will be hooked up with the processing plant
at Tyra East.

Fig. 3.7 Natural Gas Storage Facilities

In June 1991, Marsk Olie og Gas AS submitted a
plan for accelerated production from the northern
Harald and Svend Fields. The development of
these fields was linked to development of the
Valdemar Field. In light of the time schedule for
implementation, the Ministry of Energy granted
an application for postponing production startup
in the Valdemar Field by 12 months, making the
deadline January 1, 1994,

Other Fields

Appendix E contains an outline with key figures
of the fields for which development plans have
been submitted. For further particulars, reference
is made to the previous editions of the Danish En-
ergy Agency’s Report on Oil and Gas Exploration
and Production in Denmark.

Natural Gas Storage Facilities

As the natural gas market in Northern Germany
and the former German Democratic Republic is
advancing, Dansk Naturgas A/S estimates that in
the case of an emergency, it will not be possible
to import supplies from Germany as large as pre-
viously assumed. Therefore, on December 6,
1991, Dansk Naturgas A/S was granted permis-
sion by the Ministry of Energy to extend the natu-
ral gas storage facility at LI. Torup by a seventh
cavern. The capacity of the cavern is planned to
be 60 million Nm?, and it should be ready for use
in 1996, The six existing caverns at L1. Torup
have a total capacity of 300 million Nm?,

At Dansk Naturgas A/S’ other natural gas storage
facility, which is being established at Stenlille in
a sandstone structure filled with water, work is
progressing according to plan. Thus, at December
31, 1991, a total of eight wells had been drilled
and 114 million Nm? of natural gas injected into
the storage facility.

The storage facility will be provided with two ex-
traction trains with a total extraction capacity of
7.2 million Nm? per day, as well as one or two
gas injection trains with a capacity of 1.2 million
Nm? per day each.

If, in an emergency, supplies of gas are required
in excess of the amounts which can be supplied
from L1. Torup, up to 90 million Nm? can be sup-
plied from the gas storage facility at Stenlille
from end-1993. According to the gas storage
plans available, Dansk Naturgas A/S will dispose
of gas storage facilities with a total capacity of up
to 450 million Nm? at end-1994.
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Table 4.1 Assessment of Reserves at January 1, 1992

Qil and Condensate, million m?

Gas, billion Nm3

Produced Low Exp. High Produced Low  Exp. High
Ongoing and Approved Recovery Ongoing and Approved Recovery
Dan 12 28 42 55 Dan 5 12 18 23
Kraka <1 1 2 3 Kraka <1 <1 I 1
Regnar - <1 <1 1 Regnar - <l <1 <1
Igor - <l <1 <1 Igor - [ 2 3
Gorm 16 7 13 18 Gorm <l 3 5 7
Skjold 13 7 15 28 Skjold | I I 2
Rolf 3 1 2 3 Rolf <l <1 <1 <1
Dagmar 1 <1 l 2 Dagmar <1 <1 <1 <1
Tyra 6 5 7 9 Tyra 14 23 33 42
Valdemar <1 1 2 Valdemar - <l 1 1
Roar - 2 2 3 Roar - 9 12 17
Adda - «l 1 2 Adda - 1 | 2
Harald - 4 5 7 Harald - 20 25 31
Svend - 4 7 10 Svend - 1 2 3
Subtotal 51 98 Subtotal 20 101
Planned Recovery Planned Recovery
Kraka - 1 2 2 Kraka - «l 1 1
Gorm - 9 11 14 Gorm - I | 2
Dagmar - 1 2 4 Dagmar - <l <1 <1
Valdemar - <1 2 Valdemar - «l 1 1
Elly - <l <1 1 Elly - [ 3 5
Gert - | 2 3 Gert - <l <1 <l
Subtotal 18 Subtotal 6
Possible Recovery Possible Recovery
Producing Preducing
Fields - 33 50 66 Fields - 5 11 15
Other Other
Fields - 6 14 24 Ficlds - 5 14 26
Discoveries - 18 39 64 Discoveries - 31 58 90
Subtotal 103 Subtotal 83
Total 51 219 Total 20 190
January 1991 43 179 January 1991 16 162
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Possible Recovery

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

Based on reservoir calculations and overall esti-
mates of investments, operating costs and oil
price development, it is expected that the recover-
able reserves can be augmented considerably by
implementing water injection projects in the pro-
ducing fields, including the Dan and Gorm Fields.

The drilling of horizontal wells is considered to in-
crease the production potential of the oil zone in
the Tyra Field. Moreover, an amount has been in-
cluded which corresponds to increased drainage of
gas in the flanking areas of the field.

A substantial percentage of possible recovery
from other fields consists of additional reserves in
the tight Barremian limestone zone in the Valde-
mar and Adda Fields.

Finally, a number of discoveries which are under
evaluation or which have been declared non-com-
mercial are included.

Enhanced Oil Recovery (EOR)

The recovery of oil and condensate within the four
above-mentioned reserve categories corresponds to
approx. 16% of the hydrocarbons in place in the
Danish fields, while the recoverable reserves in the
seven producing fields constitute approx. 22% of
the amounts in place in these fields.

The geological conditions present problems in
most Danish oil fields, meaning that the oil is not
easily recoverable due to capillary constraints.

EOR (enhanced oil recovery) methods are being
developed continuously, including the injection of
chemicals and gases into the reservoir for the pur-
pose of reducing surface tensions between reser-
voir rock and oil.

In recent years, laboratory tests have been carried
out in Denmark where chemicals (detergents) are
added to the injection water. The tests are per-
formed under the same pressure and temperature
conditions as in the reservoirs.

This laboratory work has not been completed, and

it is therefore too early to judge whether the addi-
tion of chemicals can enhance recovery on eco-
nomically viable terms.
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1994, Within the categories ongoing and approved
recovery, a substantial increase in production is
expected from the Dan Field as the result of an ex-
tensive development project based on water injec-
tion.

For the Gorm Field, a minor revaluation has been
made because of the positive production experi-
ence. The increase for the Tyra Field is attribut-
able to additional production from welis in the oil
zone of the field which previously belonged to the
category planned recovery.

The production from the Skjold Field is beginning
to be accompanied by water. Therefore, a minor
writedown of expected production has been made.

The category planned recovery includes additional
production resuiting from the further development
of the Gorm, Dagmar and Valdemar Fields.

In Table 5.2, the production of natural gas is dis-
tributed on the three processing centres.

Expected investments and operating costs appear
from Tables 5.3 and 5.4. The figures reveal that
major investments are envisaged for the next few

Table 5.3 Investments in Development Projects.
DKK billion (1992 prices)

Table 5.4 Operation Costs. DKK billion
(1992 prices)

1992 1993 1994 1995 1996
Ongoing and Approved Projects
Dan 0.3 0.3 04 04 0.4
Kraka 0.0 00 0.0 0.0 0.0
Regnar 0.0 0.0 0.0 0.0 0.0
Gorm 0.2 0.2 0.2 0.2 0.2
Skjold 0.2 02 0.2 0.2 0.2
Rolf 00 00 0.0 0.0 0.0
Dagmar 0.0 00 0.0 0.0 0.0
Tyra 0.3 0.3 0.3 0.3 0.3
Valdemar 0.0 0.0 0.0 0.0 0.0
Roar 00 00 0.0 0.0 0.0
Subtotal 1.1 1.2 1.3 13 1.3
Planned
Projects 0.1 01 0.1 0.1 0.1
Expected
Costs 1.2 13 1.3 13 13

1992 1993 1994 1995 1996
Ongoing and Approved Projects
Dan 0.9 1.4 1.0 04 0.1
Kraka 0.2 - 0.2 -
Regnar - 03 - -
Gorm - - - -
Skjoid - - - -
Rolf - - - -
Dagmar - - - -
Tyra 0.1 - - -
Valdemar 0.1 04 - -
Roar - 0.2 0.5 -
Harald - - - - 1.1
Subtotal 13 23 1.7 0.4 i2
Planned
Projects 0.6 1.1 0.8 1.1 0.9
Expected
Investments 1.9 34 2.6 1.5 2.1

years. The approved development plan for the
Dan Field based on water injection and a plan for
the further development of the Gorm Field are
some of the projects which require substantial in-
vestments. Investments for the five-year period
are expected to total DKK 11.5 billion.

In Table 5.5 the expected costs of transportation
of oil from the Danish fields are presented for the
next 5 years.

Table 5.5 Oil Pipeline Transportation Costs.
DKK billion (1992 prices)

1992 1993 1994 1995 1996
$ 23-29/
bbl 09 09 1.0 0.9 0.9
$ 20/bbl 0.8 0.8 0.8 0.7 0.7

Table 5.6 Exploration and Appraisal Costs.
DKK billion (1992 prices)

1992 1993 1994 1995 1996

Total 0.9 04 0.3 0.2 0.2
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The sales value of the Danish oil and natural gas
production constituted DKK 8.2 billion in 1991,
an increase of only 1% in relation to 1990. The
limited increase in value, despite the growth in
production, is attributable to the lower prices of
oil and gas.

Exploration, Development and Operation

The total costs of exploration and recovery of oil
and gas appear from Table 6.2. Total costs for
1991 have been estimated at DKK 4.4 billion, an
mcrease of 17% compared to 1990. To this must
be added oil transportation costs in the amount of
DKK 0.8 billion.

Total transportation costs for crude oil include op-
erating costs, financing costs and contributions to-
wards the capital cost of the oil pipeline and termi-
nal facilities. In addition, the pipeline tariff
payable includes a profit element of 5% of the
value of the crude oil transported. The oil pipeline
is owned by Dansk Oliergr A/S, which passes on
00% of the profit element to the state. As the only
user of the pipeline, DUC currently pays the total
transportation costs.

The level of investments was high in 1991, both
in exploration and development activities. In the
producing fields Dan, Gorm, Skjold, Rolf and
Tyra, recovery has been intensified through the
completion of more wells. At the same time,
Kraka and Dagmar have been brought on stream.

Table 6.2 Costs of Exploration, Development and
Operations, DKK million

Table 6.3 DUC’s Investments in Development
Projects, DKK million

1987 1988 1989 1990 1991
Dan 641 223 362 306 915
Gorm i1 262 204 580 410
Skjold 62 236 44 108 300
Rolf 10 - 21 I3 50
Tyra 188 107 85 125 275
Kraka - 4 195 234 90
Dagmar - - 8 254 75
Valdemar - 7 223 127 0
Not atlocated 2 58 3 I 200
Total 014 8§97 1,145 1,736 2315
Nominal Prices *) Estimate

1987 1988 1989 1990 1991%)
Exploration and Appraisal
DUC 234 110 73 298 360
Other
Companies 524 450 4727 519 600
Total 758 560 500 87 960
Development
(DUC) 914 897 1,145 1,736 2,315
Operations
and Adm.
(DUC) 1,023 1,000 1,094 1,226 1,150
Qil Pipeline
Transportation
Costs 632 604 727 698 775
Nominal Prices *) Estimate

Table 6.3 shows development expenses broken
down by field. The figures for 1991 are prelimi-
nary. The item ’Not Allocated’ includes the ex-
penses which relate to several fields, certain en-
tries made in connection with closing the accounts
and the expenses defrayed by the individual part-
ners in DUC. Total investments in DUC’s develop-
ment projects through 1991 amount to about DKK
33 billion. converted into 1992 prices. The corre-
sponding operating costs amount to approx. DKK
13 billion.

The pretax results recorded by the DUC compa-
nies appear from Table 6.4. It should be noted
that in this table, the operating costs include trans-
portation costs, but not the 5% profit element. The
1991 result is not yet available.

Table 6.4 Pretax Results of the DUC Companies
1986-1990, DKK million

1986 1987 1988 1989 1990
Income 5,633 5,823 5,103 6,716 7,692
Op. Costs 1,706 1,663 1,569 1,654 1,814
Interest

Expenses 529 492 628 680 234
Exchange Rate

Adjust-

ments +1,385 +943  -324 +85 +118
Gross In-

come 4783 4611 2,582 4,468 5,762
Depreciation 1,539 1,586 1,495 1,553 1,600
Pretax

Result 3,244 3,025 1,088 2915 4,162

Nominal Prices




Table 6.5 State Revenue from OiliGas Production
1987-1991, DKK million

(987 1988 1989 1990 1991%)

Hydrocarbon

Tax {1 0 0 0 0
Corporate

Tax 732 0 464 1,314 1,100
Royalty 437 360 523 633 631
Profit

Element 189 145 232 285 297
Total 1,358 505 1,219 2232 2,028

Nominal Prices *) Estimate

Direct state revenue derived from oil/gas produc-
tion appears from Table 6.5. Annual accounts
have not yet been filed for 1991, for which reason
the calculation of corporate tax in particular is
subject to great uncertainty.

The revenue stated for each individual year is the
amount assessed for that year. Corporate tax is
paid ten months after the end of the financial
year. Hydrocarbon tax is generally payable in the
relevant financial year, royalty falls due six
months after the end of the financial year, and the
profit element of the oil pipeline tariff is payable
on a monthly basis.

The amounts of oil sold are metered at the Gorm
E platform and at the terminal facilities in Frederi-
cia. The amounts of gas sold are metered at Tyra
East. These measurements are used to calculate

royalty and the profit element of the pipeline tariff.

Total state revenue from production startup in
1972 through 1991 amounts to DKX 14.2 billion,
converted into 1992 prices. The revenue is com-
posed of hydrocarbon tax amounting to DKK 0.7
billion, corporate tax amounting to DKK 5.2 bil-
lion, royalty of DKK 6.3 billion, as well as a pipe-
line tariff profit element of DKK 2.0 billion.

The analyses of state revenue relating to the five-
year and twenty-year production forecasts are
shown in the section on forecasts.
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Safety and Working Environment

The Danish Energy Agency supervises safety and
working environment in connection with the ex-
ploration and production of oil and gas in the Dan-
ish part of the North Sea.

With respect to fixed offshore installations, the
Danish Energy Agency monitors safety, working
environment and environmental matters. The
Agency’s supervisory work is carried out primarily
according to rules paralieling those applicable on
shore.

However, with respect to mobile offshore installa-
tions, safety matters are largely regulated by inter-
national conventions. Maoreover, the supervision
of this area is shared with the Danish Maritime
Authority, so that virtually all matters concerning
the safety of the installations are handled by the
Danish Maritime Authority, while the Danish En-
ergy Agency evaluates most environmental mat-
ters.

As a consequence of the provision laid down in
the Safety Order requiring operators to set up con-
trol systems in order to ensure compliance with
the authorities’ requirements, the supervisory
work carried out by the Danish Energy Agency
has undergone changes in recent years, with a
view to providing supervision of a more general
nature with less regulation and control of details.

Thus, the intention is that as far as possible, super-
visory work should be aimed at the operators’ con-
trol systems and should be carried out according
to uniform conditions and principles with respect
to form, method, and degree of detail in all the ar-
eas supervised by the Danish Energy Agency. At-
tempts are being made to implement this reorgani-
zation of the Agency’s supervisory work in close
cooperation with operators in order to help them
establish expedient control systems which give

the Agency the necessary basis for its supervision.
Thus, in individual areas, guidelines have been
prepared for the control systems, whereas the over-
all supervision of other areas is carried out with-
out the existence of any guidelines.

Risk Assessments Resulting from the
Piper Alpha Disaster

The Lord Cullen investigatory committee which
was set up after the explosion on July 6, 1988 on
the British Piper Alpha platfoerm published a re-
port on the disaster in November 1990.

In cooperation with the Danish Maritime Author-
ity, the Danish Energy Agency reviewed the re-
port in order to determine whether its recommen-
dations gave cause to change the Danish
regulations or standard practice for Danish off-
shore installations. At the beginning of 1991, the
two authorities submitted a recommendation
which was endorsed by the Cocrdination Commit-
tee on April 17, 1991.

The main conclusion in the recommendation is
that major changes are not required in the Danish
area. This is mainly due to the fact that Danish
regulations and established practice have already
provided the necessary basis for preventing simi-
lar disasters. However, in light of the report, it
was decided to systematize and extend existing re-
quirements with respect to safety evaluations, so
that allowance is also made for procedures, smoke
development, evacuation, etc. In addition, risk as-
sessment and risk control are to be incorporated
into the operators’ control systems, and a separate
risk assessment is to be made for each installation
individually.

In future, these risk assessments together with the
control systems, will constitute the most impor-
tant basis for the Danish Energy Agency’s supervi-
sion of safety matters. Guidelines stipulating the
detailed contents of risk assessments are being pre-
pared, and are expected to be available in mid-
1992,

For mobile offshore installations, the require-
ments for risk assessments will be laid down fol-
lowing coordination with the other North Sea
countries, so that standard rules which meet with
wide ac- ceptance can be drawn up.

International Cooperation

In recent years, there has been an increasing ten-
dency to regulate health, safety and environmental
matiers through international cooperation. This is
done partly through the preparation of EC Regula-
tions and partly through the work performed by
other international bodies.

In this connection, the Danish Energy Agency par-
ticipates in the preparation of proposed regula-
tions which are of particular relevance to the Dan-
ish offshore industry. Such projects include the
proposed EC Council Directive on Heaith and
Safety in the Extractive Industries and the revi-
sion of the Paris and Oslo Conventions regarding
environmental protection of the North Atlantic, in-
cluding the North Sea and the Kattegat.
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Further, the Danish Energy Agency is in direct
contact with the authorities in neighbouring coun-
tries in order to ensure the best possible coordina-
tion of new regulations laid down for the North
Sea area.

New Regulations

Preparing Technical Regulations for Drilling
Rigs

In cooperation with the Danish Maritime Author-
ity, the Danish Energy Agency has completed the
preparation of guidelines for the design of and
equipment on board new drilling rigs, intended to
supplement the international maritime rules for
rigs. Following the completion of these guide-
lines, the preparation of corresponding guidelines
for existing drilling rigs has been initiated.

Safety Organization on Mobile Offshore Instal-
lations

In 1991, the work on regulating health and safety
matters under the provisions of the Danish Act on
Certain Marine Installations continued in close co-
operation between authorities and employer/em-
ployee in the Coordination Committee. For one
thing, an Executive Order on health and safety
work on mobile offshore installations is being pre-
pared. This Order is expected to be issued in
1992. It will subsequently be decided whether cor-
responding rules for fixed offshore installations
should be prepared.

Evaluation and Implementation of EC Council
Directives

In connection with the safety regulation work per-
formed in the EC, in 1991 the authorities and the
Coordination Committee considered the following
proposed EC Council Directives of relevance to
offshore installations:

— Amendments to the Machinery Directive.

— Minimum Requirements for Health and Safety
in the Extractive Industries

— Restrictions on Working Hours

— Protection of Female Workers during Preg-
nancy and Motherhood

— Minimum Requirements for Health and Safety
at Temporary and Mobile Work Sites

Moreover, in 1991 the Danish Energy Agency be-
gan preparing rules to implement a number of Di-
rectives on working environment.

Safety and Working Environment on
Mobile Offshore Installations

In 1991, the Danish Energy Agency, in coopera-
tion with the Danish Maritime Authority, granted
permission for the use of - and subsequently in-
spected - three drilling rigs, two accommodation
platforms, three crane barges and one pipelaying
barge. Moreover, the Danish Energy Agency su-
pervised the construction and conversion of two
drilling rigs.

The Danish Energy Agency’s supervision focused
on such areas as noise, dangerous substances and
materials and accommodation conditions, as well
as the set of procedures and certificates document-
ing that the operation of an instailation meets the
requirements as to health and safety and environ-
mental protection (the control system). In this con-
nection, the Agency concentrated on procedures
for preventive maintenance and the safety training
of personnel.

Safety and Working Environment on
Fixed Offshore Installations

In 1991, the supervision of the working environ-
ment on fixed offshore installations focused on
strengthening contact to the safety organization.
The rules laid down by the Danish Health and
Safety Executive for the setup and operation of
safety organizations on shore currently apply to
fixed offshore installations as well. As mentioned
above in connection with the preparation of new
regulations, it is being considered whether there is
a need for issuing special rules on health and
safety work on fixed offshore installations, so that
provision can be made for the special working
conditions prevailing offshore, e.g. for contract-
ors’ employees.

Protecting the Marine Environment

Work to protect the marine environment is carried
out in cooperation between the Ministry of En-
ergy and the National Agency of Environmental
Protection,.

To the extent possible, attempts are made to limit
the use of substances and materials which are dam-
aging to health and the environment by replacing




them with less harmful substances and materials.
In this connection, it may be mentioned that the
use of oil-base drilling mud, which can endanger
the marine environment as well as the working en-
vironment, has virtually been discontinued in the
Danish area. Water-base drilling fluids which ful-
fil the technical drilling conditions that previously
necessitated the use of oil-base drilling mud have
now been developed.

Criteria for Manning Unmanned Platforms

In connection with the startup of operations on the
Dagmar and Kraka platforms, both of which are
unmanned and based on a very simple design to
which all access takes place by boat, the Danish
Energy Agency has set up weather criteria for the
manning of the platforms. In continuation of this
work, an analysis was made as to the possibilities
for evacuation by lifeboat from the unmanned plat-
forms Dan E, Skjold and Rolf. This analysis
showed that evacuation by lifeboat involved some
risk under certain weather conditions. Therefore,
weather criteria for the manning of these plat-
forms were also introduced.

Hydrogen Sulphide Emergency Measures

The development of the Dagmar Field, where the
gas produced has a high content of hydrogen sul-
phide, has made it necessary to set up hydrogen
sulphide emergency measures on Gorm F, where
the Dagmar production is processed.

Hydrogen sulphide is a highly poisonous gas
which can be lethal even in very low concentra-
tions.

The Danish Energy Agency has evaluated the
need for special equipment, procedures and safety
training, so that the sour gas can be handled
safely. Against this background, the Danish En-
ergy Agency has approved the hydrogen sulphide
emergency measures on Gorm F and Dagmar, in-
cluding detection equipment, personal protection,
alarm procedures and special training for every-
one working on the installations.

Table 7.1 Accident Frequency for Fixed Offshore
Instaliations and Flotels

Accidents and Injuries 1991

The criterion for whether a work-related acci-
dent/injury is to be registered and reported to the
Danish Energy Agency is that the accident must
result in at least one day’s unfitness for work in
addition to the day that the accident occurred.

Table 7.2 Accident Frequency for Mobile Off-
shore Installations

1987 1988 1989 1990 1991

Accidents
per million
working hours 40 10 34 7.9 9.0

1988 1985 1990 1991
Accidents
per million
working hours 31.0 12,7 99 7.4

In 1991, the Danish Energy Agency received 30
reports on accidents offshore, broken down as 17
accidents on fixed offshore installations together
with flotels, and 13 on other mobile offshore in-
stallations. None of the accidents resulted in death
or serious personal injury.

When the 17 work-related accidents on fixed off-
shore installations reported are related to the num-
ber of hours worked (1,896,849), it results in an
accident frequency of 9.0 per million working
hours.

The number of working hours has been calculated
on the basis of information received from the com-
panies and the person-on-board lists, based on an
average workday of 13 hours.

Table 7.1 shows the accident frequency per mil-
lion working hours for the period from 1987 to
1991 for fixed offshore installations together with
flotels. The table comprises all accidents occur-
ring during the operation, installation and exten-
sion of facilities. It appears from the table that the
accident frequency on fixed offshore installations
fell sharply in the period from 1987 to 1989 and
then increased slightly in 1990 and 1991.

Table 7.2 shows the accident frequency for mo-
bile offshore installations per million working
hours in the period 1988-1991. As appears from
the table, the accident frequency declined on mo-
bile offshore installations in that period.

When the 13 work-related accidents on mobile off-
shore installations, excluding flotels, reported in
1991 are related to the number of hours worked
(1,747,722) on these installations, it results in an
accident frequency of 7.4 per million working
hours.
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Licences

The licences granted in the first, second and third
licensing rounds incorporate agreements on the
provision of funds for research and development
within activities which relate to exploration, pro-
duction and development.

Such research and development projects were initi-
ated in 1984, and at end-1991 projects worth ap-
prox. DKK 60 million had been implemented, and
projects worth approx. DKK 12 million are in pro-
gress.

Funds have been made available particularly for
research and development in the following areas:

— Increased knowledge about geological and geo-
physical conditions in the subsurface which de-
termine the formation and accumulation of oil
and natural gas.

— Reduced costs of offshore structures, installa-
tions, development of marginal fields and ex-
ploration/production under arctic conditions.

— Limiting and preventing impact and damage to
the environment.

Energy Research Programme 1992 (ERP 92)

The Danish Energy Agency has the professional
responsibility for evaluating project applications
within the area of oil and gas activities.

Under the ERP 92 programme, an advisory com-
mittee has nominated 12 projects out of 30 appli-
cations for funding. The 12 projects represent a to-
tal R&D amount of DKK 36 million.

ERP 92 and EC Research and Development
Programmes

In recent years, attempts to link Danish ERP re-
search and development projects to relevant inter-
national research have proved successful. This ap-
plies in particular to the EC energy research and
development programmes.

Thus, as far as ERP 92 is concerned, approx. 50%
of the projects approved under the programme are
linked to international projects. The Danish Ener-
gy Agency has deliberately aimed at strengthen-
ing these ties, particularly in light of the comple-
tion of the Single Market, but also in light of the
new openness in international relations, with a spe-
cial view to the democratization efforts in Eastern
Europe and the former Soviet Union.

EC Research and Development Programmes

The Danish Energy Agency is a member of the ad-
visory committee under Directorate General XVII
of the EC Commission regarding the new THER-
MIE programme for promoting European energy
technology. The programme is divided into two
phases, each with a budget of DKK 2.8 billion for
the periods 1990-92 and 1993-94, The programme
plays an important role in the implementation of
Community policy, particularly in connection
with the completion of the Single Market. Just re-
cently, an Eastern European dimension has been
added, as it has been decided to establish THER-
MIE promotion centres in Russia, White Russia,
the three Baltic republics, Poland, Czechoslova-
kia, Hungary and Bulgaria. The centre activities
will include more effective exploitation of oil and
natural gas reserves.

The result of the 1990 and 1991 THERMIE
rounds is now available, and the last round in the
tirst phase of the 1992 programme has begun. In
the first round of THERMIE in 1990, where the
budget was fairly low, no Danish hydrocarbon pro-
Jects received support, although Danish involve-
ment was generally satisfactory. The 1991 result
was even more satisfactory, with a Danish share
of almost 12%, and with three of the 12 approved
Danish hydrocarbon projects being supported. See
Table 8.1.

Moreover, the Danish Energy Agency is a member
of the advisory committee for the JOULE pro-
gramme for research and development of non-
nuclear energy set up under the auspices of Direc-
torate General XII of the EC Commission. This
programme is part of the large framework program-
me for research and technological development.

In 1990, the total support granted under the
JOULE programme was DKK 950 million. Pro-
jects with Danish participation have received sup-
port of approx. DKK 36 million. Of the hydrocar-
bon projects, five projects with Danish participa-
tion have received support within the areas pros-
pecting and exploration technology, production
technology and the transformation of hydrocar-
bons, see Table 8.1.

At end-1991, the new JOULE II programme was
announced, the deadline for submitting applica-
tions for the major programme areas being Febru-
ary 14, 1992. This programme also includes pro-
Jjects within the oil and gas sector. The final
results of the project evaluation will not be avail-
able until end-1992, one reason being that con-

39



40

Table 8.1 EC Funding of Danish Oil and Gas Technology Projects

Project EC Funding Participant

(DKK million)
The 1991 THERMIE programme:
[. Exploration and production 1.8 Cool Sorption A/S
2. Exploration and production 2.5 The Technical University of Denmark
3. Exploration and production 2.1 The Geological Survey of Denmark
Total 6.4
The JOULE programme:
L. Prospecting and exploration technology 3.5 The Technical University of Denmark
2. Production technology 1.5 The University of Arhus
3. Production technology 1.0 The Geological Survey of Denmark
4. Production technology 1.6 The University of Copenhagen
5. Transformation of hydrocarbons 1.9 Haldor Topsge A/S
Total 9.5

tract negotiations are rendered difficult by the par-
ticipation of many different nationalities in the

projects. The budget total for JOULE II is DKK
1.3 billion, to be granted over a three-year period.










Licences in Denmark

(December 31, 1991)

Group

Dansk Undergrunds Consortium (DUC):

The Sole Concession of July 8, 1962

Blocks 5603/27 and 28, 5604/21, 22 and 25

5504/5, 6,7, 8,10, 11, 12, 14, 15 and 16,
5505/13, 17 and 18

A.P. Mgller (Concessionaires)

Shell Olie- og Gasudvinding Danmark
Texaco Denmark Inc.

Mersk Olie og Gas AS is operator

1st Round:

Licence 2/84, Blocks 5504/1, 2, 5 and 6
Amoco Denmark Exploration Co.
(operator)

FLS-Energy A/S

DOPAS

2nd Round:

Licence 1/86, Blocks 5503/4, 5604/29,
5507/18, 21 and 22

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

Fina Exploration Denmark S.A.

OMYV Erdol-Aufsuchungsges. m.b.H.
DOPAS

Licence 2/86, Blocks 5414/7 and 11
Amoco Denmark Exploration Co.
{operator)

FLS-Energy A/S

DOPAS

Licences 3/86, 4/86

Blocks 5603/28 and 31, 5604/25,
5503/3 and 4

Norsk Hydro Udforskning a.s. (operator)
Enterprise Petroleum Ltd.

British Gas Expl. & Prod. Ltd.
Amerada Hess (Denmark) A/S

Dansk Oliesggning K/S

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

DOPAS

DANOP is operator under Licence 4/36
(the group’s westernmost area)

Share

39.00%
46.00%
15.00%

66.67%
10.00%
23.33%

40.00%
28.80%
11.20%
20.00%

75.00%
5.00%
20.00%

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

Group Share

Licence 7/86, Blocks 5604/22 and 26
Statoil Efterforskning og

Produktion A/S (operator) 26.50%
BHP Petroleum Inc.

represented by Hamilton Brothers 21.00%
Total Marine Danmark 12.00%
LD Energi A/S 7.50%
EAC Energy A/S 4.00%
DENERCO K/S 9.00%
DOPAS 20.00%

DANOP will be operator in a development
phase

3rd Round:

Licence 1/89, 2/89
Blocks 3603/26, 5504/6 and 10
Amoco Denmark Exploration Co.

(operator) 70.00%
FLS-Energy A/S 5.00%
DENERCO K/S 5.00%
DOPAS 20.00%
Licence 3/89, 4/89

Blocks 5606/13, 14, 15, 17 and
18, 5514/30 and 31, 5414/2, 3,
5,6, 10,11, 14 and 15

Amoco Denmark Exploration Co.

(operator) 80.00%
FLS-Energy A/S 5.00%
DENERCO K/S 5.00%
DOPAS 10.00%
Licence 5/89, Blocks 5503/8 and 5504/5

Elwerath Erdgas und Erdiél GmbH 14.17%
Brigitta Erdgas und Erdél GmbH 15.15%
C. Deilmann AG 6.60%
Deutsche Schachtbau- und

Tiefbohrgesellschaft GmbH 7.58%
RWE-DEA Denmark Oil GmbH 5.15%
Elf Aquitaine Deutschland GmbH 3.70%
Wintershall Danmark Expl. A/S 7.58%
Preussag AG 7.58%
DENERCO K/S 7.50%
DOPAS 20.00%

BEB is operator
DANORP is co-operator
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Group

Licence 6/89, Blocks 5409/3 and 5509/29
Cluff Oil ple. {(operator)

Zenith Resources Ltd.

DOPAS

DANOP will be operator in a development
phase

Licence 7/89, 8/89, Blocks 5504/2,
5604/25, 29 and 30, 5603/32

Norsk Hydro Udforskning a.s. (operator)
Du Pont E & P No. 6 B.V.

British Gas Expl. & Prod. Ltd.

Danoil Exploration A/S

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

DOPAS

DANOQP is operator under licence 8/89
(the group’s westernmost area)

Licence 9/89, Blocks 5509/3, 6, 9 and 10
Jordan Dansk Corporation

G.B.T. Northern Corporation

Maxus Denmark, Inc.

DENERCO K/S

DOPAS

DANOP is operator

Licence 10/89, Blocks 5603/27 and 31
A.P. Maller

Shell Olie- og Gasudvinding Danmark
Texaco Denmark Inc.

DOPAS

Mezrsk Olie og Gas AS is operator

Licence 11/89, Blocks 5504/3 and 4
RWE-DEA Denmark Oil GmbH
Wintershall Danmark A/S
DENERCOQ K/S

DOPAS

DANOP is operator

Licence 12/89, Block 5414/8
RWE-DEA Denmark Oil GmbH
Wintershall Danmark @stersgen A/S
DENERCO K/S

DOPAS

DANOP is operator

Share

63.00%
27.00%
10.00%

21.75%
29.00%
18.13%
1.81%
1.81%
7.50%
20.00%

25.00%
15.00%
45.00%

5.00%
10.00%

26.66%
26.66%
26.66%
20.00%

36.25%
36.25%

7.50%
20.00%

42.50%
42.50%

5.00%
10.00%

Licences awarded in 1990:

Licence 1/90, Block 5604/18
Statoil Efterforskning og
Produktion A/S (operator)
Total Marine Danmark

LD Energi A/S

EAC Energy A/S
DENERCO K/S

DOPAS

DANOP is co-operator

Licence 2/90, Blocks 5604/23 and 24
Statoil Efterforskning og

Produktion A/S

Total Marine Danmark

LD Energi A/S

EAC Energy A/S

DENERCO K/S

DOPAS

DANOP is operator

Licence 3/90, Block 5603/28

A.P. Maller

Shell Olie- og Gasudvinding
Danmark

Texaco Denmark Inc.

DOPAS

Mearsk Olie og Gas AS is operator

33.54%
15.19%
9.49%
5.06%
11.39%
25.32%

40.42%
18.31%
11.44%

6.10%
13.73%
10.00%

31.20%

36.80%
12.00%
20.00%
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Exploratory Surveys 1991

Survey Operator Type Initiated Area Collected
Contractor Completed in 1991

Seismic Surveys

AMI9IC Amoco Norway Offshore 1991-03-15 Central Graben 43 km
Teledyne Exploration 2D 1991-03-16

AM91C Amoco Denmark Offshore 1991-05-24 Central Graben 1,783 km
Teledyne Exploration 3D 1991-06-17 Elly 1/89

AMIIC Amoco Denmark Offshore 1991-06-15 Central Graben 83 km
Teledyne Exploration 2D 1991-06-15 2/84

AMYIN Amoco Denmark Offshore 1991-06-20 North Sea 449 km
Teledyne Exploration 2D 1991-06-27 3/89

DK91C Mersk Olie og Gas AS Offshore 1991-05-19 Central Graben 64 km
Simon-Horizon Ltd. 2D 1991-05-20 Emma

DK91C Mzarsk Olie og Gas AS Offshore 1991-05-26 Central Graben 11,306 km
Simon-Horizon Ltd. 3D 1991-07-25 Alma

DK91C Mersk Olie og Gas AS Offshore 1991-07-18 Central Graben 13,713 km
Simon-Horizon Ltd. 3D 1991-10-25 North Arne

DK91C Mersk Olie og Gas AS Offshore 1991-07-29 Central Graben 3,214 km
Simon-Horizon Ltd. 3D 1991-10-26 South Roar

DK91C Mersk Olie og Gas AS Offshore 1991-07-30 Central Graben 7,410 km
Simon-Horizon Ltd. 3D 1991-10-26 South East Tyra

DN91D Danop/Jordan Onshore 1991-09-10 Jutland 78 km
CGG 1991-09-20 Give

Geochemical Surveys

HO91A Hoff Int. Off. Serv. Team Offshore 1991-06-22 The Baltic 214 cores
Petroleum Geology Invest. 1991-09-09 Inner waters




Danish Oil Production 1972-1991, million m3?

Year Dan Gorm Skjold Tyra Rolf Kraka Dagmar  Total
1972 0.11 0.11
1973 0.15 0.15
1974 0.10 0.10
1975 0.19 0.19
1976 0.23 0.23
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 0.87
1982 0.31 1.64 0.02 1.97
1983 0.27 1.84 040 251
1984 0.36 1.62 0.65 0.07 2.70
1985 0.45 1.80 0.85 0.35 345
1986 0.47 1.72 1.07 0.57 0.47 4.30
1987 1.23 - 150 1.21 0.84 0.63 541
1988 1.50 1.35 1.37 0.95 0.40 5.57
1989 1.47 1.35 221 1.05 0.39 6.47
1990 1.58 1.44 2.63 1.08 0.27 7.00
1991 1.72 1.50 2,73 1.39 0.29 0.14 0.48 8.25
Total 12.38 16.29 13.14 6.30 2.45 0.14 0.48 51.18

Danish Gas Production 1972-1991, billion Nm?

Year Dan Gorm Skjold Tyra Rolf Kraka Dagmar 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 0.17 017
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 0.00 0.35
1983 0.08 0.43 0.04 0.55
1984 0.13 0.51 0.06 0.26 0.96 022
1985 0.21 0.64 0.07 1.11 2.03 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
1088 0.60 0.98 0.11 3.36 0.02 5.07 227
1989 0.71 0.89 0.19 3.52 0.02 533 2.68
1990 0.80 0.81 0.22 330 0.01 5.14 275
1991 0.88 0.84 0.23 3.67 0.01 0.06 0.07 3.76 331
Toral 5.02 711 1.12 19.50 0.11 0.06 0.07 32.99 1657

A large amount of gas has been reinjected
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Monthly Oil and Condensate Production 1991, thousand m?

Jan Feb March April May June July Aug Sep Oct Nov Dec 1991
Dan 141 126 136 114 142 143 152 152 151 151 155 162 1723
Gorm 132 113 140 114 122 115 125 126 118 131 130 135 150!
Skjold 231 217 239 225 236 236 231 228 222 227 219 222 2734
Tyra 132 121 129 115 114 111 84 105 101 118 128 128 /386
Rolf 25 23 17 7 30 34 26 25 26 26 25 29 293
Kraka 3 19 22 18 16 15 13 14 9 16 144
Dagmar 7 64 84 82 91 76 70 475
Total 661 600 663 593 665 664 697 735 714 759 742 762 8256

Monthly Gas Production 1991, million Nm?

Jan Feb March April May June July Aug Sep Oct Nov Dec [99]
Dan 68 63 7 47 66 70 84 84 83 83 83 81 879
Gorm 69 65 71 72 73 69 69 71 65 69 70 80 843
Skjold 19 18 20 19 20 21 19 17 20 22 20 18 233
Tyra 375 343 368 307 294 303 169 219 238 320 371 363 3672
Rolf 1 1 1 <1 1 2 1 1 1 1 1 | 12
Kraka 1 5 7 7 7 7 6 7 4 7 56
Dagmar 1 8 10 10 14 12 11 65
Total 533 490 527 450 462 472 357 409 422 516 561 562 35760
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Domestic Energy Consumption 1972.1991.
Distributed on Fuels, Energy Production and Degree of Self-sufficiency, million t.o.e.

Oil Gas Coal Renewable Total  Energy Self-
Energy, etc. Production sufficiency %
1972 17.9 - 1.1 0.3 194 0.4 2
1973%) 17.4 - 1.9 0.2 195 0.3 2
1974%) 15.9 - 1.7 0.2 i7.8 0.3 2
1975 15.2 - 2.0 0.3 17.6 0.5 3
1976 16.0 - 2.8 0.4 192 0.6 3
1977 16.0 - 3.2 0.4 19.6 0.9 4
1978 16.0 - 4.0 0.3 204 0.7 4
1979 15.9 - 4.8 0.5 21.2 0.9 4
1980 13.2 - 57 0.5 194 0.8 4
1981 11.6 0.0 5.9 0.6 18.2 1.4 8
1982 10.8 0.0 6.2 0.7 177 2.4 14
1983 10.2 0.0 6.6 0.7 176 3.0 17
1984 10.1 0.2 7.1 0.8 18.2 3.4 19
1985 10.4 0.7 7.4 0.8 19.2 4.8 25
1986 10.2 1.2 7.4 0.9 196 6.4 33
1987 9.7 1.3 7.7 1.0 199 8.0 40
1988 9.0 1.6 7.7 1.0 19.3 8.1 42
1989 8.6 1.8 7.6 1.1 18.1 9.4 49
1990 8.2 1.8 7.6 1.1 18.8 10.0 53
1991%) 8.4 2.1 7.8 1.2 19.4 11.8 61

Climatic correction has not been applied, as opposed to other surveys of consumption.
The survey indicates gross energy consumption, i.e. including shrinkage. *} Estimate,

Domestic Energy Consumption 1972-1991. Distributed on Utilization, million t.o.e.

Residential Process Transport Elec. Appl. etc. Non-energy Total
1972 74 4.8 3.4 2.8 1.0 194
1973%) 7.5 5.2 3.3 2.6 0.9 19.5
1974%) 6.3 4.9 3.1 2.6 0.9 17.8
1975 6.4 4.5 3.2 2.6 0.9 176
1976 7.1 4.8 3.4 29 0.9 192
1977 7.0 5.1 3.5 3.1 0.9 19.6
1978 7.2 5.4 38 33 0.8 204
1979 7.5 5.6 3.8 34 0.9 21.2
1980 6.4 5.4 3.5 3.4 0.8 194
1981 5.8 4.9 33 3.4 0.7 18.2
1982 5.6 4.6 3.5 3.4 0.7 17.7
1983 5.4 4.6 3.6 3.4 0.7 17.6
1984 53 4.8 3.7 3.6 0.8 18.2
1985 6.1 5.0 3.8 3.6 0.8 192
1986 5.8 53 3.9 3.7 0.9 196
1987 6.0 5.2 4.0 3.8 1.0 18.9
1988 5.3 5.1 4.0 3.9 1.0 18.3
1989 4.9 5.2 4.1 39 1.0 19.1
1990 4.8 5.2 4.1 3.8 0.9 188
1991+) 5.1 5.3 4.2 39 0.9 194

Including shrinkage. Climatic correction has not been applied. *) Estimate
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Financial Key Figures

Investments  Operating  Exploration Crude Oil Exchange Inflation Net Foreign Cur-
in Field Costs for Costs 1) Price 2) Rate Rate 3) rency Expenditure
Development Fields on Energy Import
DKK million DKK million DKK million USD/bbl  DKK/USD per cent DKK million

1972 105 19 28 3.0 7.0 6.57 33

1973 9 21 83 4.6 6.1 9.30 4.3

1974 38 51 76 11.6 6.1 15.18 9.8

1975 139 51 118 12.3 5.8 19.62 9.4

1976 372 58 114 12.3 6.1 9.02 10.3

1977 64 66 176 14.0 6.0 11.18 11.4

1978 71 98 55 14.0 5.5 9.99 10.9

1979 387 121 78 204 53 9.63 15.5

1980 956 148 201 37.5 5.6 12.34 21.2

1981 1651 327 257 374 7.1 11.68 259

1982 3948 556 266 34.0 8.4 10.15 259

1983 3528 505 1264 30.5 9.1 6.92 219

1984 1596 721 1211 28.2 10.4 6.28 22.8

1985 1956 756 1373 272 10.6 4.74 23.4

1986 1654 981 721 14.7 8.1 3.62 11.2

1987 914 1023 758 18.4 6.8 4.02 8.7

1988 897 1000 560 14.8 6.7 4.56 6.7

1989 1145 1094 500 18.0 7.3 4.79 7.4

1990 1736 1226 817 235 6.2 2.60 5.7

1991 2315 1150 960 20.0 6.4 2.40 5.1

Nominal Prices. 1) All licensees 2) Danish crude oil 3) Consumer prices




The Dan Centre

Field name: Dan

Prospect: Abby
Location: Block 5505/17
Concession: A.P. Mgller
Operator: Mersk Olie & Gas AS
Discovered: 1971

Year on stream: 1972
Producing wells: 49

of which horizontal: I4

Injection weils: 6

Water depth: 40 m (131 ft)

30 km? (7,400 acres)
1,850 m (6,070 ft)
Chalk (Danian/

Acreage:
Reservoir depth:
Reservoir rock:

Maastrichtian)
Reserves Expectation
Oil: 42 million m?
(265 MMbbis)
Gas: 18 billion Nm?
(670 BSCF)
Cumulative Production
Oil: 12.38 million m3
(78 MMbbls)
Gas: 5.02 billion Nm?
(187 BSCF)

Review of Geology

Dan is an anticlinal structure induced through salt
tectonics of the Zechstein/Triassic. The chalk res-
ervoir has an adequate porosity, although strongly
reduced permeability. A major northeast-south-
west fault divides the field into two independent
TESEervoirs,

Production Facitities

The field installation comprises five wellhead plat-
forms (A, D, E, FA and FB), two processing/ ac-
commodation platforms (B and FC) and one gas
flare stack (C).

Processing of the produced oil and gas takes place
mainly at Dan FC. The older processing facilities
at Dan B have since 1989 been used for tempo-
rary, individual well production testing only. Fi-
nal processing of the produced oil is performed at
Dan FC prior to export ashore via the booster plat-
form at Gorm E. The gas is pre-processed at Dan
FC and transported to Tyra East for final process-
ing and export ashore. Water treatment and pump-
ing facilities for water injection are installed on

the bridge between the FB and FC platforms. In
1991, a major extension of the facilities at the
Dan Field was approved, consisting of two new
platforms of the STAR type, of which one plat-
form, FD, is to be used for a new flare stack,
while the other, FE, is to serve as a seven-slot
wellhead platform. Moreover, a bridge module
with new water-injection facilities is to terminate
on FE. Further, the processing facilities at the
Dan Field handle production received from the
Kraka Field. Dan B has accommodation facilities
for five persons, and Dan FC can accommodate
86 persons.

Field name: Kraka

Prospect: Anne

Location: Block 5505/17
Concession: A.P. Mgller
Operator: Mearsk Olie & Gas AS
Discovered: 1966

Year on stream: March 1991
Producing wells: 2

of which horizontal: 2

Water depth: 45 m (148 ft)
Acreage: 6 km? (1500 acres)

1,800 m (5,900 ft)
Chalk (Danian/
Maastrichtian)

Reservoir depth:
Reservoir rock:

Reserves Expectation

Oil: 3 million m?
(19 MMbbls)
Gas: 2 bhillion Nm?
(75 BSCF)
Cumulative Production
Oil: 0.14 million m?3
(1 MMbbl)
Gas: 0.06 billion Nm?
(2 BSCF)
Review of Geology

Kraka is an anticlinal structure induced through
Zechstein salt tectonics, which to a certain degree
has caused fracturing in the chalk. The chalk reser-
voir has adequate porosity, although reduced per-
meability. The thin oil pay zone is further charac-
terized by high water saturation. There is a small
gas cap in the field.

Production Facilities

Kraka is a satellite development to Dan FC, includ-
ing an unmanned production platform of the STAR
type. The produced oil and gas are transported to
Dan FC for processing and export ashore.
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The Gorm Centre

Field name:

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

Producing wells:

Gas injection wells:
Water injection wells:
Water depth:
Acreage:

Reservoir depth:
Reservoir rock:

Reserves Expectation
Oil:

Gas:

Cumulative production
Oil:

Gas:
Injection gas:

Net gas:

Review of Geology

Gorm

Vern

Blocks 5504/15 and 16
A.P. Mgller

Marsk Olie & Gas AS
1971

1981

21

2

5

39 m (128 ft)

12 km? (3,000 acres)
2,200 m (7,218 ft)
Chalk (Danian/
Maastrichtian)

24 million m?

{151 MMbbls)
6 billion Nm?

(223 BSCF)

16.30 million m?
(103 MMbbls)
7.10 billion Nm?
(264 BSCF)
6.72 billion Nm3
(250 BSCPF)
(.38 billion Nm?
(14 BSCFE)

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 heavily frac-

tured.

Production Facilities

The Gorm Field consists of two wellhead plat-
forms (A and B), one processing/accommodation
platform (C), one gas flare stack (D), one riser/
booster platform (E) and one processing/pumping

platform (F).

The Gorm F facilities consist of two oil stabiliza-
tion plants, one receiving the sour oil and gas
from the Dagmar FField, and the other receiving
the oil and gas produced in the Skjold and Rolf
Fields. Moreover, processing/pumping facilities

for injection water to be used in the Gorm and
Skjold Fields have been installed on Gorm F. Fi-
nal 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. There are accommodation fa-
cilities on Gorm C for 98 persons.

Field name: Skjold

Prospect: Ruth

Location: Block 5504/16
Concession: AP. Mgller
Operator: Mersk Olie & Gas AS
Discovered: 1977

Year on stream: 1982

Producing wells: 4

Water injection wells: 6

Water depth: 40 m (131 ft)
Acreage: 10 km? (2,500 acres)

1,600 m (5,250 ft)
Chalk (Danijan/
Maastrichtian)

Reservoir depth:
Reservoir rock:

Reserves Expectation

Oil: 15 million m3
(94 MMbbls)

Gas: 1 billion Nm?
{ 37 BSCF)

Cumulative Production

Oil: 13.14 million m3
(83 MMbbls)
Gas: 1.12 billion Nm?
(42 BSCF)
Review of Geology

The Skjold Field is an anticlinal structure induced
through Zechstein salt tectonics. The structure is
heavily fractured, which has resulted in favour-
able 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 unmanned
wellhead platform. There are no processing facili-
ties in the Skjold Field, and the oil and gas pro-
duced are transported to separate facilities on the
Gorm F platform, which also includes facilities
providing the Skjold Field with injection water. In
1991, a test separator was installed on the Skjold
platform for metering production from the individ-
ual wells.




Field name: Rolf

Prospect: Middle Rosa
Location: Blocks 5504/14 and 15
Concession: A.P. Mgller

Operator: Marsk Olie & Gas AS
Discovered: 1981

Year on stream: 1986

Producing wells: 2

Observation well: 1

Water depth: 34 m (112 ft)
Acreage: 5 km? (1,200 acres)

1,800 m (5,900 ft)
1) Chalk (Danian/

Reservoir depth:
Reservoir rock:

Maastrichtian)
2) Carbonates
(Zechstein)

Reserves Expectation

Oil: 2 million m?
(13 MMbbls)

Gas: <] billion Nm?
(<37 BSCF)

Cumulative Production

Oil: 2.45 million m?
{15 MMbbls)

Gas: (.11 billion Nm?
{4 BSCF)

Review of Geology

Rolf is an anticlinal structure created through
Zechstein salt tectonics. The chalk reservoir is
heavily fractured resulting in favourable reservoir
conductivity (compare Skjold). The underlying
Zechstein reservoir shows similar characteristics,

Production Facilities

The Rolf Field is a satellite development to the
Gorm Field with an unmanned wellhead platform.
The produced oil and gas are transported to the
Gorm F platform via pipeline for stabilization to-
gether with production from the Skjold Field.

Field name: Dagmar

Prospect: East Rosa

Location: Block 5504/15
Concession: A.P. Mgller

Operator: Mersk Olie & Gas AS
Discovered: 1983

Year on stream: June 1991

Producing wells: 2

Water depth: 34 m (112 ft)
Acreage: 9 km? (2,200 acres)

Reservoir depth:
Reservoir rock:

Reserves Expectation
Oil:

Gas:

Cumulative Production
Oil:

Gas:

Review of Geology

1,400 m (4,600 ft)
Chalk (Danian/
Maastrichtian)

3 million m?3
(19 MMhbls)
| billion Nm?
(37 BSCF)

(.47 million m?
(3 MMbbls)

(.07 billion Nm?
(3 billion BSCE)

The Dagmar field is an anticlinal structure, in-
duced through Zechstein salt tectonics. The struc-
ture is heavily fractured, resulting in favourable
reservoir conductivity. The reservoir fluid con-

tains hydrogen sulphide.

Production Facilities

The Dagmar field is a satellite development to
Gorm including one unmanned production plat-
form of the STAR type. The production is trans-
ported to Gorm F for separate processing and ex-

port ashore.

The Tyra Centre

Field name:

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

Producing wells:

of which horizontal:
Gas injection wells:
Water depth:
Acreage:

Reservoir depth:
Reservoir rock:

Reserves Expectation
Oil:

Condensate:

Gas:

Tyra

Cora

Blocks 5504/11 and 12
A.P. Magller

Miazrsk Olie & Gas AS
1968

1984

34

6

8

37-40 m (121-131 ft)
52 km? (12,800 acres)
2,000 m (6,562 ft)
Chalk (Danian/
Maastrichtian)

3 million m?
(19 MMbbls)
4 million m?
(25 MMbbls)
33 billion Nm?
(1.2 TSCF)
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Cumulative Production
Oil: 1.73 million m3
(11 MMbbls)

Condensate: 4.57 million m?
(29 MMbbls)

Gas: 19.50 billion Nm?
(726 BSCF)

Injection gas: 5.98 billion Nm?
(223 BSCF)

Net gas: 13.52 billion Nm?
(503 BSCF)

Review of Geology

The Tyra Field is an anticlinal structure, probably
related to tectonic inversion or salt tectonics or
both. A marked permeability barrier separates the
Danian and the Maastrichtian chalk reservoir
rocks.

Production Facilities

The production facilities include two major pro-
duction complexes, Tyra West and Tyra East,
cach consisting of two wellhead platforms, one
processingfaccommodation platform, and one gas
flare stack; a riser platform has been installed at
Tyra East housing the gas export outlet into the
main gas pipeline.

Final processing of gas and stabilization of black
oil/condensate take place at Tyra East. The stabi-
{ized hydrocarbon liquids are transported to Gorm
for export ashore. Gas recycling facilities have
been installed at Tyra West for enhanced conden-
sate recovery. There are total accommodation fa-
cilities at the Tyra Field for 176 persons (96 at
Tyra East and 80 at Tyra West). It is planned to
expand the capacity of the facilities at Tyra East
for receiving production from fields to be devel-
oped within the next few years, including Valde-
mar and Roar.

Field Developments in Progress

Field name: Valdemar

Prospects: Bo, Boje, North Jens
Location: Blocks 5504/7 and 11
Concession: A.P. Mgller

Operator: Meersk Olie & Gas AS
Discovered: 1977 (Ba), 1982 (Boje)

and 1985 (North Jens)
Year on stream: 1993/94 (planned)
3 (planned)
38 m (125 ft)

Producing wells:
Water depth:

Upper Cretaceous reservoir:
Acreage:

Reservoir depth:

Reservoir rock:

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

Lower Cretaceous reservoir:
Acreage: 200 km? (50.000 acres)
Reservoir depth: 2,600 m (8,530 ft)

Reservoir rock: Limestone

Reserves Expectation

Qil: 2 million m?
(13 MMbbls)

Gas: 2 billion Nm?
(75 BSCF)

Review of Geology

Valdemar comprises several separate reservoirs,
i.e. oil and gas reservoirs in chalk of Danian/Maas-
trichtian and Campanian age and oil reservoirs in
limestone of Aptian/Barremian age (Tuxen forma-
tion). The properties of the Upper Chalk reser-
voirs are comparable to other Danish fields like
Gorm and Tyra, while the Aptian/Barremian lime-
stones possess very difficult production proper-
ties. Some fracturing has been indicated in certain
areas of the [imestone 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 will be
transported to Tyra East for processing and export
ashore.




New Field Developments

Field name:

Location:
Concessionaire:
Operator:
Discovered:
Development plan
approved:

Year on stream:

Field name:

Prospect:
Location:
Concessionaire:
Operator:
Discovered:
Development plan
approved:

Year on stream:

Field name:

Prospects:
Location:
Concessionaire:
Operator:
Discovered:

Development plan
approved:
Year on stream:

Field name:

Prospects:
Location:
Concessionaire:
Operator:
Discovered:

Development plan
approved:
Year on stream:

Field name:

Location:
Concessionaire:
Operator:

Regnar

Block 5505/17
A.P.Mgller

Mearsk Oliec & Gas AS
1979

1988
1993/94 (planned)

Roar

Bent

Block 5504/7

AP. Mgller

Mearsk Olie & Gas AS
1968

1990
1994 (pianned)

Harald

Lulu/West Lulu
Blocks 5604/21 and 22
A.P. Magller

Mersk Olie & Gas AS
1980 (Lulu) and

1983 (West Lulu)

1990
1998 (planned)

Svend

North Arme/Otto
Block 5604/25

A.P. Mgller

Marsk Olie & Gas AS
1975 (North Arne)
and 1982 (Otto)

1990
1999/2000 (planned)

Adda

Block 5504/8
A P.Magller
Meaersk Olie & Gas AS

Discovered:
Development plan
approved:

Year on stream:

Field name:

Location:
Concessionaire:
Operator:
Discovered:
Development plan
approved:

Year on stream:

Field name:

Location:
Concessionaire:
Operator:
Discovered:
Development plan
submitted:

Field name:

Location:
Concessionaire:
Operator:
Discovered:
Development plan
submitted:

1977

1990
1999 (planned)

Igor

Block 5505/13

A.P. Mgller

Mersk Olie & Gas AS
1968

1990
1999 (planned)

Gert

Blocks 5603/27 and 28
A.P. Mgller

Mazrsk Olie & Gas AS
1984

1991

Elly

Block 5504/6

A.P. Mgller

Mersk Olie & Gas AS
1984

1992

Prospect and Field Designations

Prospect Name Field Name
Abby Dan

Vern Gorm
Cora Tyra
Ruth Skjold
Middle Rosa Rolf
Bent Roar
Anne Kraka
Lulu/West Lulu Harald
East Rosa Dagmar
Boje/North Jens Valdemar
North Arne/Otto Svend
Nils Regnar
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