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“The objectives of the Norwegian Petroleum Directorate are to
promote the sound management of the Norwegian petroleum
resources having a balanced regard for the environmental, safety
technological and economic aspects of the petroleum activity.”
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Report of the Directors

Drilling operations on the Norwegian continental
shelf reached in 1991 the highest level since explora-
tion for oil and gas commenced in 1966. No less than
47 exploration wells were spudded, 34 being classi-
fied as wildcats and 13 as appraisal wells. A further
64 wells were drilled for production. The total for
the year was thus 111 wells, 14 more than the previ-
ous record in 1985. .

This extensive exploration activity produced satis-
factory results. Eleven discoveries were made dur-
ing the year, ten in the North Sea and one off the
coast of Mid-Norway. Hydrocarbons were also
proven in three other wells which were pending test-
ing at year-end.

The discovery rate is high and puts the Norwegian
continental shelf among the most attractive explora-
tion areas in the world. One particularly pleasing re-
sult of the exploration drilling was a new oil discov-
ery in the vicinity of Balder in the North Sea.

Continued exploration for oil and gas offshore
Norway presupposes steadily improving data qual-
ity, resulting in an accelerating effort to collect seis-
mic data. In 1991, well in excess of 300,000 kilo-
metres of lines were shot, three times as much as in
1990. Most of the data is three-dimensional, as the
added detail this gives goes some way to compensate
for the growing geological complexity of the explo-
ration phase.

While there remains some uncertainty regarding
the magnitude of the proven new discoveries, tenta-
tive estimates put the year’s increment due to explo-
ration equal to the year’s depletion due to produc-
tion.

At the present rate of production, Norway has
sufficient reserves for about 20 years of oil extrac-
tion and about 100 years of gas extraction, assuming
the rate is sustained. If one makes allowance for
predicted discoveries, the time scales can be ex-
tended by as much again.

The 13th licensing round, in which oil companies
were invited to apply for 52 new blocks or parts of
blocks, and 103 previously announced, but unalloca-
ted, blocks, was concluded in 1991. It resulted in 22
production licences being awarded on 36 blocks; 12
in the North Sea, three off Mid-Norway, and seven
in the Barents Sea. )

No less than 24 companies declared their interest
in the 13th round allocations, which serves to con-
firm the great attraction that Norwegian prospects

One new exploration well was put down on Sval-
bard, where Norsk Hydro and Store Norske Spits-
bergen Kullkompani jointly conducted a project in

Reindalen. Although neither oil nor gas was proven,
the bore furnished valuable geological and operatio-
nal insights for potential future operations on the is-
land.

On the field development side, 1991 will also go
down as an energetic year. During the period the
Directorate considered Plans for Development and
Operation.of the Loke, Tordis and Lille-Frigg fields,
and the updated PDO for Heidrun. The Plan for
Construction and Operation of Europipe was con-
sidered on two occasions. A similar plan for gas
transportation on Haltenbanken, the Haltenpipe,
was also up for consideration in the Directorate, and
likewise an overall strategy for the application of gas
from that region.

In the North Sea the Directorate prepared area
studies designed to look at the new development
projects in a comprehensive light, in respect of
which special emphasis was given to exploring the
implicit merits of shared systems of processing and
transportation.

The Directors would like to record their apprecia-
tion for the professional zeal shown by the Directo-
rate staff in connection with the redistribution of the
Statfjord field reserves, which are of immense im-
portance to Norway. The final verdict of the experts
was a 1.14547 per cent increment in favour of Nor-
way, bringing the total Norwegian content of the
Statfjord field to 85.23869 per cent.

The total loss of the Sleipner A platform gravity
base in Gandsfjorden in August 1991 produced a
whole new set of problems, relating to investigation
of the causes and checking that similar failures can-
not occur on existing or new installations, This work
can be expected to continue for some time. The im-
mediate, principal repercussions of the Sleipner loss
on the Directorate’s regulatory systems were stricter
requirements for independent verification of con-
crete structures, and the running of elementary cal-
culations to augment the advanced computer pro-
grammes during the building phase.

On the resources side the Directorate was forced
to look for alternative sources of gas following the
loss of Sleipner A.

In 1991, production tests were performed on
Mime and Balder, and in the thin oil zone on Troll.
The results were analysed by the Directorate in the
course of the year.

In connection with Troll it should be mentioned

sults in 1991. We can see excellent opportunities for
optimal, cost-effective tapping of minor fields and
complex geological structures.
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Regarding the general prospects of enhanced re-
covery, the Ekofisk area was central to the Directo-
rate’s activities in 1991. The Ekofisk fields possess
great potential for improving recovery beyond the
operators’ assumptions. The Directorate has there-
fore solicited plans for enhanced recovery on Eko-
fisk, Eldfisk, Tor and Valhall; which the respective
operators are now in the process of drafting.

The gradual subsidence of some fields is a matter
of concern to the Directorate. The Ekofisk field in
particular is sinking faster than anyone hitherto had

_ reason to suspect, and the process will require care-
ful monitoring for a long time to come. Any altera-
tions to our overall response will require a reassess-
ment of resources and safety in the region.

Another matter which is of great principal signifi-
cance is the shut-down of the Frigg area installa-
tions. On 1 September the Directorate received
Elf’s plans to decommission and dismantle Nordgst-
Frigg. The whole issue is the first of its kind in the
Norwegian sector.

From 1 January 1991 the Directorate was respon-
sible for administration of the new carbon dioxide
tax on the continental shelf. Wide powers were del-
egated under the legislation, and reporting proce-
dures and a suitable chart of accounts were estab-
lished. During the first six months, the tax gener-
ated revenues of Nkr 810 million.

Apart from its tasks in connection with this emis-
sions tax, the Directorate also investigated several
other environmental issues in 1991. Notable initia-
tives included emission forecasts for various green-
house gases, the use of carbon dioxide or machinery
exhaust for field injection purposes, and follow-up
of the Oil Industry Association’s ecology pro-
gramme. These issues were the subject of reports to
the Ministry of Petroleum and Energy.

In the Government’s Environmental (Green)
Budget, the Directorate committed Nkr 62.25 mil-
lion of its 1991 operating costs to direct environmen-
tal measures or related expenditures. The projects
included acquisition of environmental data in the
Barents Sea, scrap removal from the North Sea sea-
bed, direct assistance to the State Pollution Control
Authority, SFT, and partial funding of pollution
control exercises. The environment-related expendi-
tures also cover the Directorate’s general commit-
ments in the fields of safety and resources on the
continental shelf.

On the environmental side, many companies have
worked with the Directorate to remove oily drill cut-
tings as a potential source of pollution. Tests have
been carried out to see if it is feasible to discard oily

drill cuttings in non-producing well zones. Further -

tests will be watched closely to determine whether
the long-term consequences might be detrimental to
well performance.

facilitate the continuing improvement of the estab-
lished safety levels, at the same time as cost-effec-
tive solutions in the industry are permitted. The use
of function-oriented requirements combined with
requirements to set safety targets and apply risk
analyses is a great challenge. Considerable resources
were therefore used on measures to improve the in-
dustry’s general understanding of the new regula-
tions.

The new regulations also pave the way for har-
monisation with international regulations and stand-
ards. During 1991 the Directorate was pleased to
take part in several ongoing standardisation projects
which will affect the domestic offshore petroleum in-
dustry.

Both the constraints and the time-table for the de-
velopment of new Working Environment Regula-
tions in the Directorate’s field of responsibility have
been finalised. Drafting of the regulations will com-
mence in 1992. The experience of working closely
with the parties involved during formulation of the
Safety Regulations has convinced the Directorate
that the new project should be run along the same
lines.

The Government has decreed that the Working
Environment Act will apply to mobile installations
engaging in petroleum operations; and the overall
responsibility for the working environment on mo-
bile installations now rests with the Ministry of
Local Government, although details of how super-
vision of the Ministry’s authority will be effected
have yet to be decided.

In the light of the recommendations made by the
Inquiry Commission into the Piper Alpha burn-out
in 1988, the UK authorities implemented major
changes in the organisation of safety supervision in
their sector. The changes mean greater similarities
in the UK and Norwegian supervisory systems. Ex-
cellent relations have been established between the
Norwegian Petroleum Directorate and the new UK
supervisory authority, and our best efforts will go
toward continuing this close communication.

The Directorate’s supervision of offshore oper-
ations went generally according to plan in 1991, al-
though a certain degree of priority shuffling was
called for. The main disruption was problems en-
countered while drilling deep, high-pressure bores.
One critical event caused the Directorate to order
all drilling of high-pressure wells to cease for a brief
period while the causes and effects were elucidated.

The experiences with supervisory control and the
evidence of the accident and absence statistics per-
suaded the Directorate to step up its supervision of
contractor companies. Control of major drilling con-
tractors having already been performed, control
measures in 1991 were concentrated on smaller con-
tractors, such as the well service companies. Control

Work in the Directorate on the new Safety Regu-
lations was finally concluded. With their comple-
tion, the Directorate feels that the authorities and
the companies have acquired a useful tool which will

included the operators’ criteria for contractor selec-
tion, contract provisions, and control of the working
environment. The Directorate’s investigations unco-

" vered areas of unclear division of responsibility be-
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tween operator and contractor, inadequate report-
ing systems for working hours, and several cases
where working hour regulations had been disre-
garded. As a result, the Directorate has issued or-
ders to all operating companies.

In 1991, inspections were made of the operators’
internal control systems for reporting and investigat-
ing accidents, while work commenced simultaneous-
ly to review the Directorate’s own systems for col-
lecting and conditioning these statistics. Generally,
the deficiencies identified seem to stem from a lack
of understanding of the Directorate’s rules and cri-
teria for reporting of accidents and hazard situa-
tions. For example, deficiencies were identified in
procedures and training. Ongoing supervision of
these matters and review of the Directorate’s own
systems will continue in 1992.

Regrettably, petroleum operations cost the lives
of three people in 1991. During a routine mainten-
ance operation on Ekofisk, a helicopter collided
with the flare stack and crashed. All three people on
board the helicopter were killed in the accident.

Finally the Directors would like to refer to two
important programmes administered by the Directo-
rate on a daily basis which have now reached conclu-
sion.

The first was the government-backed SPOR pro-
ject, which looked at enhanced recovery and reser-
voir technology, and which was concluded after
seven years of input by Norwegian research and de-
velopment teams. It is with great satisfaction that
the Directors can report that the programme’s ob-
jectives were attained, and that Norwegian know-
how in the field is currently second to none. The Di-
rectorate was responsible for programme adminis-
tration.

The second was the Programme for Petroleum
Administration, PETRAD, which was concluded
after a three-year trial. This programme was con-
ducted by the Norwegian Petroleum Directorate on
behalf of NORAD, the Norwegian Directorate for
Development Cooperation, in collaboration with
leading institutions in Norway and abroad. No less
than 850 persons from 38 countries attended the 32
seminars which sought to train leading personnel for
petroleum operations in developing countries. The
possible continuation of the project is presently
under review by NORAD.

Stavanger, 31 January 1992

Members of the Board of Directors of the Norwegian Petroleum Directorate

[
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Andreas Lgnning

I

Peter J Tronslin
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<
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Director General
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OMMI

MM&MJ

Oddny| Aleksandersen

¢
Liv Hatland
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Jan B.M Stromme

Liv Nielsen
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1. Duties, Directors and Administration

1.1 TERMS OF REFERENCE
The objectives and tasks of the Norwegian Petro-
leum Directorate are given in special instructions, as
last amended 29 March 1979. These tasks have been
revised and supplemented by delegations which fol-
low directly from Acts of Parliament, regulations,
and superior authorities, as follows:
a) Petroleum Act, of 22 March 1985 no. 11, em-
bracing
— Petroleum Regulations, by Royal Decree of
14 June 1985
— Safety Regulations, by Royal Decree of 28
June 1985
— Internal Control Regulations, by Royal De-
cree of 28 June 1985
— Safety Zone Regulations, by Royal Decree of
9 October 1987
b) Working Environment Act, of 4 February 1977
no. 4, embracing
— Working Environment Regulations, by Royal
Decree of 1 June 1979
— (See also WER section 15 with comments)
¢) Carbon Dioxide Act, of 21 December 1990, no.
72
d) Tobacco Injuries Act, of 9 March 1973 no. 14,
embracing
— Tobacco Injuries Regulations, by Royal De-
cree of 8 July 1988
e) Svalbard Act, of 17 July 1925, no. 11, embra-
cing
— Regulations for Safe Practices for Explora-
tion and Exploration Drilling for Petroleum
Deposits on Svalbard etc, by Royal Decree of
25 March 1988
f)  Act relating to Scientific Research for, Explora-
tion for and Exploitation of Subsea Natural Re-
sources Other than Petroleum Resources, of 21
June 1963 no. 12, embracing
— Regulations for Scientific Research for Natu-
ral Resources on the Norwegian Continental
Shelf etc, by Royal Decree of 31 January
1969
— Provisional Regulations for Littering and Pol-
lution caused by Petroleum Activities on the
Norwegian Continental Shelf, by Royal De-
cree of 26 October 1979.

1.2 OBJECTIVES
On the basis of the above terms of reference and the

the Norwegian petroleum resources having a bal-
anced regard for the environmental, safety, techno-
logical and economic aspects of the petroleum activ-

ity.”

1.3 DIRECTORS AND ADMINISTRATION

1.3.1 Board of Directors

The composition of the Board of Directors up to 15

April 1991 was:

1. Mr Arve Berg, Regional Employment Director,
Alesund (Chairman)

2. Mr Andreas Lgnning, Corporate Director, Oslo
(Deputy Chairman)

3. Ms Liv Hatland, Managing Director, Bergen

4. Ms Oddny Aleksandersen, Executive Officer,
Tromse

5. Mr Jan B.M. Strgmme, Trade Union Secretary
for Oil, Drgbak

6. Mr Peter J. Tronslin, Managing Director, Stav-
anger

7. Mr Arne H. Nilsen, Principal Engineer, Stavan-
ger

8. Ms Elisabet Stephansen, Head of Section, Stav-
anger.

Deputies:

For 1-4:

Mr Per Savik, Member of Parliament, Remgy

Ms Sylvi Enevold, County Council Deputy Chair-
woman, Hammerfest

Ms Marit Greve, Editor, Barum

For 5:

Mr Bjgrn Kolby, Branch Supervisor, Oslo

For 6:

Mr Gunnar Flaat, Negotiations Ditector, Oslo

For 7-8:

Mr Tor Inge Ottosen, Executive Officer, Stavanger.

By letter of 23 April 1991 the Ministry of Petroleum
and Energy extended the directors’ term of office by
one year on the following grounds:

“Pending the report of a Commission to examine
the role, mandates and composition of directors in
public office (the Public Board Review Commis-
sion), the Directors of the Norwegian Petroleum Di-
rectorate are reappointed for a period of one year
ending 15 April 1992.”

Directors elected from among the employees will
be replaced as indicated by the election results.

************* Norwegian Petrolewn Directorate’s guiding instruc-

tions the following objective has been formulated:
“The objective of the Norwegian Petroleum Di-
rectorate is to promote the sound management of

I'he composition of the board of directors until 15
April 1992 is therefore:
1. Mr Arve Berg, Regional Employment Director,
Alesund (Chairman)
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2. Mr Andreas Lgnning, Corporate Director, Oslo
(Deputy Chairman)
3. Ms Liv Hatland, Managing Director, Bergen
4. Ms Oddny Aleksandersen, Executive Officer,
Tromse
5. Mr Jan B.M. Strgmme, Trade Union Secretary
for Oil, Drgbak
6. Mr Peter J. Tronslin, Managing Director, Stav-
anger
. Mr Leif Gidskehaug, Senior Engineer, Stavanger
. Mr Ole Preben Berget, Head of Section, Stavan-
ger.

0~

Deputies:

For 1-4:

Ms Sylvi Enevold, County Council Deputy Chair-
woman, Hammerfest

Ms Marit Greve, Editor, Berum

For 5:

Mr Bjorn Kolby, Branch Supervisor, Oslo

For 6:

Mr Gunnar Flaat, Negotiations Director, Oslo

For 7-8: .

Ms Liv Nielsen, Head of Supervisory Activities,
Stavanger

Mr Sverre @xnevad, Advisor, Sandnes.

Mr Ole Preben Berget, head of section, left his posi-
tion effective 22 December 1991 and was no longer
eligible to serve. The employee representatives’ first
deputy, Ms Liv Nielsen, therefore moved onto the
board.

During the report period the board held ten meet-
ings. In connection with the May meeting the direc-
tors made a study visit to Germany where Ruhrgas
and Veba/Deminex were among the hosts. The Au-
gust meeting was held in Oslo where the board met
with the two Secretaries of State, Finn Kristensen
and Kjell Borgen, who oversee the Directorate’s op-
erations, and representatives of the senior civil ser-
vants at the Ministries. The November meeting was
held in Hammerfest, where the directors met with
county and local authority officers. Statoil hosted an
introduction to the Plan for Development and Oper-
ation of the Snghvit field, and the directors in-
spected the Hammerfest oil base facility.

1.3.2 Organisation

The year saw certain organisational changes to the
Regional Office in Harstad, where the two technical
sections were amalgamated into a single Section for
Resource and Safety Management.

Changes were also announced in the Resource
Management Division from 1 January 1992. A new
Data Management Branch was established, resulting
in the transfer of geophysical and well data archives

ation and Production Geology Sections were com-
bined into a single Production Section.

1.3.3 Staff

At the end of the period the Directorate had 339 au-
thorised positions. No new positions were authori-
sed during the year. Three more positions are
funded by the Norwegian Directorate for Develop-
ment Cooperation, NORAD. At year end there
were 340 employees in service and 20 on leave. The
latter comprised 11 on parental leave, one seconded
to an organisational project, one engaging in de-
velopment aid, two pursuing further education, and
five on leave for various other reasons.

Of employees at the Directorate, 37.3 per cent
are women. Figure 1.3.3 shows the breakdown of
men and women in the various position categories.
One of NORAD’s special advisors for oil matters in
developing countries worked in the Directorate dur-
ing parts of 1991.

In the year the Directorate took on 17 new em-
ployees in permanent positions, of whom five come
from oil-related activities, four from the public sec-
tor, four from private enterprise, and four of whom
were newly qualified.

Employees leaving were 31 in number, represent-
ing 9 per cent of the total authorised positions.

Competence building

In order to streamline and strengthen operations in
the Directorate, team building projects were initi-
ated in 1991 at different levels of management. Dur-
ing the report period the Directorate also imple-
mented a seminar for all managers.

The Safety and Working Environment Division is
analysing jobs at all levels with the objective of elu-
cidating the division’s future competence require-
ments.

To utilise our resources as best possible, support
for internal courses and seminars has been arranged
whenever this is deemed propitious.

The Directorate has also benefited greatly from
staff participation in technical courses hosted by the
operating companies.

Equal opportunity

The Directorate is bound by a specific agreement on
equality and has its own Equal Opportunity Com-
mittee. This committee of four people comprises
two representatives from management and two from
the staff unions. Each year an Equal Opportunity
Action Plan is drawn up. In 1991 the Committee’s
work included the publication of a booklet on equa-
lity in the Directorate and the performance of an
equality survey.

from their former home in the Administration
Branch. The Planning Branch was wound up, the
tasks of the Exploration Branch were broken down
by geographical region, and the Production Evalu-

1.3.4 Budget and economy
The Directorate employed Nkr 217,727,462 for its
various tasks in 1991.
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Fig. 1.3.3
Job categories per 31.12. 1991
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The amount was appropriated as follows:
— Operating budget Nkr 161,218,428

— Inspection costs 7,884,107
— Geological and geophysical

surveys 43,012,745
- Safety and working

environment 5,612,182

Total 217,727,462

Of the operating budget, payroll costs account for
Nkr 102,548,618 and lease and operation of build-
ings Nkr 6,006,992. The remainder, Nkr 52,662,818,
covers costs of consultants, operation of weather
ship, external assistance, travel, training, computer
systems operation, new investments in equipment,
etc.

The Directorate is required to carry out certain spe-
cial tasks as follows:

— Clearance of seabed Nkr 4,381,575
— Research and development for

enhanced oil recovery, SPOR 9,827,066
— World Petroleum Congress 460,000

Revenues

In addition to production royalties, acreage fees and
carbon dioxide tax in the amount of Nkr
10,332,833,849, the Directorate received Nkr
98,419,726 from various other sources of revenue as
follows:

— Sale of publications Nkr 4,132,203

~ Sale of released test material 1,228,437
— Exploration fees 1,560,000
— Reimbursed inspection outlays 33,406,934
— Sale of seismic survey results 50,570,230
— Credit interest, bank 7,482,549
~ Miscellaneous 39,373

Total 98,419,726

1.3.5 Information

During the report period great interest was shown in
the Directorate’s information services on the part of
Norwegian and foreign institutions, the press and
electronic media, companies and individuals. One
confirmation of this is the visits by foreign media
representatives, ‘individually or in groups, in order

As the budget situation increasingly taxes the Direc-
torate’s priorities, the development of planning
tools is a commitment area.

to familiarise themselves with the Directorate and
the oil activity. For their part, Directorate staff have
been energetic as visiting lecturers in the various
forums.
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The Norwegian Petroleum Directorate Annual Re-
port plays a central role in the Directorate’s infor-
mation activities. The 1990 Annual Report was pre-
sented to the press in May.

The Directorate’s Map of the Continental Shelf
showing production licences at 27 March 1991 came
off the press in June.

There were 76 press releases issued in 1991, most
of them in connection with termination of explora-
tion wells.

1.3.6 Document and data records management
Almost 75,000 document units were entered in the
file catalogue, Library, and Infoil in 1991. During
the same period some 15,000 enquiries and orders
were logged and fielded by the section, representing
a decline since 1990.

A plan has been developed for information and
data records management, and work on require-
ment specifications for a new filing and library sys-
tem has started. Much effort has gone into improv-

ing archival routines. One result is the much quicker
distribution of daily registered mail to the addres-
sees. Assistance with the development of records
management functions was also furnished to NAM-
COR in Namibia.

Library activity was intense in 1991: a summary of
periodicals and journals in the Library was prepared
and a quality manual for the library was printed.
Despite these advances, enquiries for literature and
information lagged 20 per cent behind 1990, particu-
larly in the case of internal users.

Work particularly targeted sales efforts for the Oil
and Infoil-Sesame databases, where especially the
PC version has been well received. Infoil and Sesa-
me are now available on an English language CD-
ROM containing petroleum data. Norway’s Na-
tional Computing Centre took over as host for both
databases in autumn 1991, and Infoil and Sesame
came on line from the German database host, STN,
in Karlsruhe.
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2. Activity on the Norwegian Continental Shelf

2.1 EXPLORATION AND PRODUCTION
LICENCES
2.1.1 New exploration licences
As of 31 December 1991, 193 commercial explora-
tion licences had been granted. Each licence is valid
for three years.
The following licences were awarded in 1991:

Oryx UK Energy Company 190
Deminex (Norge) A/S 191
Amarok A.S 192
Norwegian Exploration Services A/S 193

2.1.2 Scientific exploration licences
As at 31 December 1991, a total of 285 licences had
been granted for scientific explorations on the Nor-

Company Licence no. wegian continental shelf. As Table 2.1.2 shows, six
Nopec 186 such licences were granted in 1991, two being issued
A/S Norske Shell 187 by the Directorate in Stavanger, and four by the Di-
Conoco Norway Inc 188 rectorate’s Regional Office in Harstad.
Western Geophysical Company 189
Table 2.1.2
Permits for scientific exploration for natural resources
Permit Institution Subject Area
Geo- Geo- Bio-
physics logy logy
258/91 Norwegian Exploration X North Sea
Services A/S
259/91 Universitetet i Oslo X Skagerrak
23/91-H Amarok a.s X East of Svalbard
24/91-H Universitetet i Tromse X Off North-Andgy
25/91-H Universitetet i Tromss X X Coast of Finnmark and southern Bar-
ents Sea
26/91-H Universitetet i Tromsg X X Coastal areas in Troms

2.1.3 New production licences

The 13th licensing round was announced on 6 March
1990 and allocations made on 1 March 1991. The al-
locations embraced 22 production licences covering
36 blocks or parts thereof, 12 production licences on
15 blocks in the North Sea, three production licen-
ces on six blocks off Mid-Norway, and seven pro-
duction licences on 15 blocks in the Barents Sea.
Nine companies were awarded operatorships, of
which Statoil was awarded six, Hydro five, Saga
three, Esso and Shell two each, and Mobil, BP,
Conoco, and Deminex one each. Deminex is the

only new operator on the Norwegian continental
shelf.

Furthermore, a minor portion of block 31/7 was
awarded in September 1991, with Norsk Hydro as
operator. This area covers the Brage field’s exten-
sion into block 31/7.

Table 2.1.3.a shows production licences awarded
in 1991. Table 2.1.3.b shows production licences and
acreages, Table 2.1.3.c licensing rounds, and Figure
2.1.3 exploration wells drilled in each licensing
round.
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Table 2.1.3.a
Allocations: Licensing round 13 and prod. lic. 185
License no. Field/block Share in % Licensee (O=operator)
163 2/10 10.000 Norsk Agip A/S
10.000 Amerada Hess Norge A/S
30.000 o Saga Petroleum a.s. B
50.000 Den norske stats oljeselskap a.s (Statoil)
164 2/1, 30.000 O  BP Petroleum Development of Norway A.S
712 and 10.000 Norske Conoco A/S
8/10 50.000 Den norske stats oljeselskap a.s (Statoil)
10.000 Svenska Petroleum Exploration A/S
165 19/7 10.000 Enterprise Oil Norwegian A/S
25.000 O  EssoNorge as
15.000 Mobil Development Norway A/S
50.000 Den norske stats oljeselskap a:s (Statoil)
166 15/6 10.600 BP Petroleum Development of Norway A.S
30.000 O  Deminex (Norge) A/S
10.000 A/S Norske Shell
50.000 Den norske stats oljeselskap a.s (Statoil)
167 16/1 10.000 Amoco Norway A/S
30.000 Norsk Hydro Produksjon a.s
10.000 Phillips Petroleum Norsk A/S
50.000 O  Den norske stats oljeselskap a.s (Statoil)
168 25/10 20.000 Amerada Hess Norge A/S
15.000 BP Petroleum Development of Norway A.S
15.000 Norske Fina A/S
50.000 O  Den norske stats oljeselskap a.s (Statoil)
169 25/8 and 25/11 10.000 Norske Conoco A/S
10.000 Esso Norge a.s
30.000 O  Norsk Hydro Produksjon a.s
50.000 Den norske stats oljeselskap a.s (Statoil)
170 30/6 30.000 O  Norsk Hydro Produksjon a.s
50.000 Den norske stats oljeselskap a.s (Statoil)
20.000 Total Norge A/S
171 30/12 30.000 O  Norsk Hydro Produksjon a.s
10.000 Saga Petroleum a.s.
50.000 Den norske stats oljeselskap a.s (Statoil)
10.000 Total Norge A/S
172 339 10.000 Amerada Hess Norge A/S
15.000 Norske Conoco A/S
25.000 O  Mobil Development Norway A/S
50.000 Den norske stats oljeselskap a.s (Statoil)
173 35/10 15.000 EIf Aquitaine Norge A/S
15.000 Norsk Hydro Produksjon a.s
20.000 Mobil Development Norway A/S
50.000 O  Den norske stats oljeselskap a.s (Statoil)
174 35/12 10.000 Esso Norge a:s
10.000 Mobil Development Norway A/S
30.000 O  Saga Petroleum a:s.
50.000 Den norske stats oljeselskap a.s (Statoil)
175 6204/10 and 10.000 Enterprise Oil Norwegian A/S
6204/11 10.000 Neste Petroleum A/S
20.000 Phillips Petroleum Norsk A/S
10.000 Saga Petroleum a.s.
50.000 O  Den norske stats oljeselskap a.s.(Statoil)
176 6407/11 and 10.000 Norske Fina A/S
L . 100000 -Norsk Hydro Produksjon-A/S
30.000 O  A/S Norske Shell
50.000 Den norske stats oljeselskap a.s (Statoil)
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License no. Field/block Share in % Licensee (O=operator)
177 6610/2 and 30.000 BP Petroleum Development of Norway A.S
6610/3 20.000 Saga Petroleum a.s.
50.000 O Den norske stats oljeselskap a.s (Statoil)
178 7122/1 and 30.000 (6] Esso Norge a.s
7122/4 20.000 Norsk Hydro Produksjon a.s
50.000 Den norske stats oljeselskap a.s (Statoil)
179 7122/2 and 10.000 Esso Norge a.s
7122/3 30.000 O  Norsk Hydro Produksjon A/S
10.000 Saga Petroleum a.s.
50.000 Den norske stats oljeselskap a.s (Statoil)
180 7128/4 20.000 Norsk Agip A/S
20.000 BP Petroleum Development of Norway A.S
50.000 O Den norske stats oljeselskap a.s (Statoil)
10.000 Total Norge A/S
181 7128/6, 15.000 Amoco Norway A/S
7128/9 and 25.000 O  Norske Conoco A/S
7129/4 10.000 Elf Aquitaine Norge A/S
50.000 Den norske stats oljeselskap (Statoil)
182 7218/7 and 20.000 Enterprise Oil Norwegian A/S
7219/8 30.000 O  Saga Petroleum a.s.
50.000 Den norske stats oljeselskap a.s (Statoil)
183 7229/11 and 10.000 Amerada Hess Norge A/S
7229/12 10.000 Amoco Norway A/S
30.000 O A/S Norske Shell
50.000 Den norske stats oljeselskap a.s (Statoil)
184 7316/4, 10.000 Norske Conoco A/S
7316/5 and 10.000 Deminex (Norge) A/S,
7316/8 20.000 O  Norsk Hydro Produksjon a.s
10.000 Mobil Development Norway A/S
50.000 Den norske stats oljeselskap a.s (Statoil)
185 31/7 17.600 Esso Norge a.s
13.200 O Norsk Hydro produksjon a.s
13.200 Neste Petroleum A/S
56.000 Den norske stats oljeselskap (Statoil)
Table 2.1.3.b
Production licenses and acreages as of 31.12.1991
Lic. Allocated Prod. lic. No. of blocks* Area Area Areain
round no. allo- re- allocated  relinquished license
cated linquished km? km? km?
1. 01.09.65 001-021 74 58 39842.476 35946.860 3895.636
07.12.65 022 4 4 2263.565 2263.565 0.0
12.09.77 019 (2) 2 617.891 0.0 617.891
2. 23.05.69 023-031 9 1 4107.833 2233.346 1874.487
30.05.69 032-033 2 746.285 376.906 369.379
14.11.69 034-035 2 1024.529 564.837 459.692
11.06.71 036 1 523.937 262.047 261.890
plus 10.08.73 037 2 586.834 295.157 291.677
3. 01.04.75 038-040 7 4 1840.547 1389.780 450.767
and 042
01.06.75 041 1 1 488.659 488.659 0.0
06.08.76 043 2 604.558 555.553 49.005
27.08.76 044 1 193.076 90.417 102.659
03.12.76 045-046 4 2 1270.682 814.708 455.974
07.01.77 047 2 1 368.363 304.160 64.203
18:02:77 048 2 1 321500 107.019 214481
23.12.77 049 1 1 485.802 485.802 0.0
plus 16.06.78 050 1 500.509 151.962 348.547
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Lic. Allocated Prod. lic. No. of blocks* Area Area Area in
round no. allo- 1e- allocated  relinquished license
cated linquished km? km? km?
4, 06.04.79 051-058 8 2 4007.887 2434.633 1573.254
plus 20.08.82 079 i 102.167 102.167
5. 18.01.80 059-061 3 2 1108.078 998.675 109.403
27.03.81 062-064 3 1 1099.522 867.542 231.981
23.04.82 073-078 6 2 2311.912 1668.413 643.499
6. 21.08.81 065-072 9 1 3218.945 1746.972 1471.973
7. 10.12.82 080-084 5 5 2082.966 2082.966 0.0
plus 08.07.83 085 3 1521.160 725.816 795.344
8. 09.03.84 086-100 17 2 6338.273 2643.394 3693.879
9. 14.03.85 101-111 13 5293.054 1791.686 3501.368
plus 26.07.85 112 1 260.215 129.958 130.257
10a 23.08.85 113-120 9 2 3075.433 1070.258 2005.175
10b 28.02.86 121-128 9 1 3828.258 428.120 3400.138
plus 11.07.86 129 1 225.393 225.393
11. 10.04.87 130-137 11 2 4163.711 628.856 3534.855
29.05.87 138-142 11 4 2975.807 1188.588 1787.219
12a 08.07.88 143-153 16 4701.021 4701.021
12b 09.03.89 154-162 13 2 5031.262 602.953 4428.309
13 01.03.91 163-184 36 12076.889 12076.889
plus 13.09.91 185 1 25.535 25.535
256 99 119234.554 65340.608 53893.946
* whole and partial blocks  plus= atlocations made outside licensing rounds
Table 2.1.3.c
Licensing rounds. Norwegian and foreign shares as of 31.12.1991
Licensing round Year Number of Share % Operator %
blocks Norwegian foreign Norwegian foreign
1 1965 78 9 91 0 100
2 1969 - 71 14 15 85 0 100
Statfjord 1973 2 52 48 0 100
3 1974 - 78 22 58 42 63 37
Ula (19 B) 1977 2 50 50 0 100
Gullfaks 1978 1 100 0 100 0
4 1979 8 58 42 68 32
5 1980 - 82 12 66 34 92 8
6 1981 9 64 34 50 50
Prod. lic. 079 1982 1 100 0 100 0
7 1982 5 60 40 80 20
Prod. lic. 085 1983 3 100 0 100 0
8 1984 17 60 40 60 40
9 1985 13 43 57 62 38
Prod. lic, 112 1985 1 67 33 0 100
10A 1985 9 64 36 67 33
10B 1986 9 65 36 56 44
Prod. lic. 129 1986 1 67 33 100 0
11 1987 2 59 41 62 38
12A 1988 16 58 42 38 62
12B 1989 13 64 36 67 33
13 1991 36 66 34 64 36
Prod. lic. 185 1991 1 69 31 100 0
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Fig. 2.1.3
Exploration wells drilled in each licensing round
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2.1.4 Transfer of interests

In the course of 1991 the following transfers of inter-
ests were approved in accordance with Section 61 of
the Petroleum Act, no. 11 of 22 March 1985:

Production licence 043
Operator: Total Norge A/S

Total Norge A/S has taken over 50 per cent from BP
Petroleum Development of Norway A.S. Total also
took over operatorship of the production licence.
The distribution in the production licence after this
is as follows:

50.0000 %
50.0000 %

Den norske stats oljeselskap a.s
Total Norge A/S

Production licence 048
Operator: Norsk Hydro Produksjon a.s

Petroleum Development of Norway A.S has taken
over 10.9 per cent from Total Norge A/S. The distri-
bution in the production licence after this is as fol-
lows:

Den norske stats oljeselskap a.s 50.0000 %
Elf Aquitaine Norge A/S 21.8000 %
Norsk Hydro Produksjon a.s 17.3000 %
BP Petroleum Development

T ofNotway ALS ] 10:9000 %

Production licence 062
Operator: Saga Petroleum a.s

Total Norge A/S has taken over 25 per cent from
A/S Norske Shell. The distribution in the production
licence after this is as follows:

Den norske stats oljeselskap a.s 50.0000 %
Total Norge A/S 25.0000 %
Neste Petroleum A/S 10.0000 %
Saga Petroleum a.s 10.0000 %
Norsk Hydro Produksjon a.s 5.0000 %

Production licence 067
Operator: Norsk Agip A/S

Norsk Agip A/S has taken over 30 per cent from
A/S Norske Shell. At the same time Norsk Agip A/S
took over as operator for the production licence.
The distribution in the production licence after this
is as follows:

Den norske stats oljeselskap a.s 50.0000 %
Norsk Agip A/S 40.0000 %
Phillips Petroleum Norsk A/S 10.0000 %

Production licence 078
Operator: Norsk Hydro Produksjon a.s

Total Norge A/S has taken over 10 per cent from
A/S Norske Shell. The distribution in the production
licence after this is as follows:

—Dennorske stats oljeselskap a.s—— 56-0000 % ———— —
Norsk Hydro Produksjon a.s 25.0000 %
Elf Aquitaine Norge A/S 15.0000 %
Total Norge A/S 10.0000 %
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Production licence 102
Operator: Elf Aquitaine Norge A/S

Total Norge A/S has taken over 20 per cent from
A/S Norske Shell. The distribution in the production
licence after this is as follows:

Den norske stats oljeselskap a.s 50.0000 %
Elf Aquitaine Norge A/S 30.0000 %
Total Norge A/S 20.0000 %

Production licence 114
Operator: Den norske stats oljeselskap a.s (Statoil)

Den norske stats oljeselskap a.s has taken over 15
per cent from A/S Norske Shell. The distribution in
the production licence after this is as follows:

Den norske stats oljeselskap a.s 65.0000 %
Saga Petroleum a.s 15.0000 %
Deminex {Norge) A/S 10.0000 %
Petrobras Norge A/S 10.0000 %

Production licence 115
Operator: Total Norge A/S

Total Norge A/S has taken over 30 per cent from
A/S Norske Shell. At the same time Total has taken
over as operator for the production licence. The dis-
tribution in the production licence after this is as fol-

Mobil Development Norway A.S has taken over 10
per cent and Enterprise Oil Norwegian A/S 20 per
cent from Esso Norge a.s. The distribution in the
production licence after this is as follows:

Den norske stats oljeselskap a.s 50.0000 %
Mobil Development Norway A/S 25.0000 %
Enterprise Norge A/S 20.0000 %
Esso Norge a.s 5.0000 %

Production licence 130
Operator: Den norske stats oljeselskap a.s (Statoil)

Den norske stats oljeselskap a.s and Enterprise Oil
Norwegian A/S have taken over 7.5 per cent each
from Petrobras Norge A/S. Furthermore, Total has
taken over 15 per cent from A/S Norske Shell. The
distribution in the production licence after this is as
follows:

Den norske stats oljeselskap a.s 57.5000 %
Enterprise Norge A/S 27.5000 %
Total Norge A/S 15.0000 %

Production licence 147
Operator: A/S Norske Shell

A/S Norske Shell has taken over 15 per cent from
Total Norge A/S. The distribution in the production
licence after this is as follows:

lows: A/S Norske Shell 50.0000 %
Den norske stats oljeselskap a.s 50.0000 %
Den norske stats oljeselskap a.s 50.0000 %
Total Norge A/S 30.0000 % 2.1.5 Relinquishments and surrenders
Conoco Norway Inc 15.0000 % Relinquishment or surrender of acreage occurred in
Det Norske Oljeselskap A/S 5.0000 % 17 production licences in 1991. In seven cases the
entire area was relinquished. See Table 2.1.5 for de-

Production licence 126 tails. The originally allocated and present acreages
Operator: Esso Norge a.s are shown in Figure 2.1.5.
Table 2.1.5
Relinquishments

Prod. Operator Block Original Relinquished Area in

lic. area km? area km? license km?

017 Phillips 8/8, 8/10 and 8/11 1682.634 1682.634 0.000

043 Total 29/6 and 30/4 604.558 555.553 49.005

062 Saga 650711 436.310 367.762 68.548

087 Hydro 16/4 539.346 273.231 266.115

098 Esso 7120/10 335.884 335.884 0.000

103 Conoco 257 527.805 263.829 263.976

105 Statoil 6406/6 444.465 444.465 0.000

106 Statoil 6407/4 444.465 239.991 204.474

107 Hydro 6407/7 448.529 227.011 221.518

110 Statoil 7120/5 and 7121/5 654.644 444.642 210.002

111 Esso 712111 323.030 171.748 151.282

112 Elf 252 260.215 129.958 130.257

115 Total 93 550.790 376.048 174.742

118 BP 26/4 523.937 523.937 0.000

119 Total 2973 170.273 170.273 0.000

141 Hydro 7321/8 and 7321/9 594.294 594.294 0.000

162 Statoil 7324/10 and 7324/11 602.952 602.952 0.000
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Fig. 2.1.5
Allocated and present areas in each licensing round
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2.2 SURVEYING AND EXPLORATION DRILL-
ING

2.2.1 Geophysical and geological surveys

Some 329,369 kilometres of seismics were shot on
the Norwegian continental shelf in 1991. This means
there was a marked increase in seismic activity last
year. The bulk of the increase is due to the greater
volume of 3D seismics. The number of kilometres
refers to the total “line kilometres”. Using several
sources and cables on the same vessel enables one to
shoot many line kilometres simultaneously. The new
seismic vessels often have several cables, and by
using for example two sources it is possible to shoot
six to eight lines at the same time. It is also possible
to shoot several lines by using two vessels. Figure
2.2.1.a shows the development in recent years with
respect to the number of “vessel kilometres”.

2.2.1.1 Directorate’s geophysical surveys

The Directorate commissioned 6614 vessel kilo-
metres of seismic lines in 1991, see Figure 2.2.1.b.
Data were collected from the areas indicated in Fig-
ures 2.2.1.c, d and e.

North Sea
A total of 270 km of test lines were surveyed in two
areas; quadrants 24 and 30. The data were compiled
using the new vessel Geco Sapphire, employing dif-
ferent configurations for sources and receivers.

In the southern area a large source and two 4500

separation.
In the northern area, a spread of three cables 3000
m in length with 100 m horizontal separation and

two sources 75 m apart was used. One line was re-
shot using a large source.

The data will be processed by HGS in Stavanger,
and the Directorate is planning to make the proces-
sed data available to the industry.

Mid-Norway

Some 2731 km of deep, regional lines were shot in
the southern part of the Vgring basin and in the
Mgre basin. The data were compiled using the Mas-
ter Odin vessel (ex Skandi Pioneer). The seismic
method employed utilised sleeve guns, the data du-
ration being ten seconds due to the great water
depth and thickness of the sediment in the area. The
data are being processed by Ensign and Digicon.

Barents Sea

Some 3613 km of seismics were shot in the northern
Barents Sea using Master Odin. Most of the data
were collected in the areas Storbanken (771 km),
Spitsbergenbanken (1736 km), and Nordflaket (1107
km). The data are being processed by CGG, Geco-
Prakla, and Spectrum.

Processing

The Directorate has concluded the processing of the
data compiled in the course of 1991. Some recondi-
tioning of older data has also been performed. The
northern part of the Barents Sea offers great chal-
lenges in this connection so that there will be a need

””””””””””” 1 long cables were used, towed at 100 nr horizontal — for further reconditioning efforts in this area in the —

next few years. In the course of 1991 the Directorate
has conducted test processing, giving interesting re-
sults with selected contractors.
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Seismic surveys on the Norwegian continental shelf 1962-1991
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Seismic surveys conducted by the Norwegian Petroleum Directorate
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Fig. 2.2.1.c
Seismic surveys in the North Sea
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Fig. 2.2.1.d
Seismic surveys off Mid-Norway

Fig. 2.2.1.e
Seismic surveys in the northern Barents Sea
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In addition, the Directorate has upgraded its own
processing software and hardware. We are now
using interactive software from Seres and Geco-
Prakla on workstations.

2.2.1.2 Opening of new exploration areas
The northern part of the Vgring basin has been pre-
pared to be opened up for seismic surveys from 1
January 1992, see Figure 2.2.1.2.

The Directorate is planning to complete the com-
pilation of seismic data off Mid-Norway in the
course of 1992.

2.2.1.3 Companies’ geophysical surveys

In 1991, some 322,755 km of seismics were shot on
the Norwegian continental shelf under the direction
of the oil companies and seismic survey operators.
Of the total, 257,370 km are three-dimensional sur-
veys. All told, some 247,025 km were taken from
the North Sea and 75,730 km off Mid-Norway and in
the Barents Sea. As the figures show, the activity
level increased by 159,825 km compared to 1990.
The activity off Mid-Norway and in the Barents Sea
increased by 52,130 km compared to 1990.

This shows that the activity level in 1991 was al-
most three times as great as in 1990.

Norwegian oil companies shot some 107,702 km
of seismics, which is an increase of 80,037 km from
the year before. Foreign companies shot 161,393
km, or 90,393 more than in 1990.

A total of 52,839 km of commercial seismics were
shot by Geco, Geoteam, HGS, and Nopec, which is
an increase of 40,739 km compared to the previous
year.

2.2.1.4 Sale of seismic data
In 1991, the Directorate recorded income from the
sale of seismic data packages amounting to Nkr 50.6
million (compare Nkr 57.3 million in 1990). See Ta-
ble 2.2.1.4.

Companjes having purchased all of the Directora-
te’s seismic data packages for the individual regions
are listed below:

Mgre Sgr

Agip, Amerada, Amoco, BP, Britoil, Conoco, De-
minex, DNO, Elf, Enterprise, Esso, Fina, Hydro,
Mobil, Occidental, Pelican, Petrobras, Phillips,
Saga, Shell, Statoil, and Total.

Mgre

Agip, Amerada, Amoco, BP, Britoil, Conoco, De-
minex, DNO, EIf, Enterprise, Esso, Fina, Hydro,
Idemitsu, Mobil, Neste, Occidental, Pelican, Petro-
bras, Phillips, Saga, Shell, Statoil, Svenska Petro-
leum, Tenneco, Total, and Unocal.

Trendelag I
Agip, Amerada, Amoco, BP, Britoil, Conoco, De-
minex, DNO, Elf, Enterprise, Esso, Fina, Hydro,
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Fig. 2.2.1.2

Area status for seismic acquisition offshore Mid-Norway and in the Barents Sea
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Idemitsu, Mobil, Neste, Occidental, Pelican, Petro-
bras, Phillips, Saga, Shell, Statoil, Svenska Petro-
leum, Tenneco, Total, and Unocal.

Trendelag 11, south of 64°15’

Agip, Amerada, Amoco, BP, Britoil, Conoco, De-
minex, DNO, Elf, Enterprise, Esso, Fina, Hydro,
Idemitsu, Mobil, Neste, Occidental, Pelican, Petro-
bras, Phillips, Saga, Shell, Statoil, Svenska Petro-

Agip, Amoco, BP, Britoil, Conoco, Deminex,
DNO, Elf, Enterprise, Esso, Fina, Hydro, Mobil,
Neste, Petrobras, Phillips, Saga, Shell, Statoil,
Svenska Petroleum, Tenneco, and Total.

leum, Tenneco, Total, and Unocal.

Vgring Basin 1
Phillips and Statoil.
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Nordland I

Agip, Amerada, Amoco, BP, Britoil, Chevron,
Conoco, Deminex, Elf, Enterprise, Esso, Fina, Get-
ty, Gulf, Hispanoil, Hydro, Japan Oil, Mobil, Ne-
ste, Phillips, Saga, Shell, Statoil, Superior, Svenska
Petroleum, Tenneco, Texaco, Total, Unocal, and
OMV.

Nordland I

Agip, Amerada, BP, Britoil, Conoco, Elf, Enter-
prise, Esso, Fina, Hydro, Mobil, Neste, Phillips,
Saga, Shell, Statoil, Svenska Petroleum, Tenneco,
Total, and Unocal.

Nordland IIT
Agip, Amerada, BP, Conoco, Elf, Enterprise, Esso,
Hydro, Mobil, Saga, Shell, Statoil, and Total.

Nordland 1V
Agip, Elf, Esso, Hydro, Mobil, Saga, Shell, Statoil,
and Total.

Nordland V
BP, Conoco, Elf, Hydro, Mobil, Saga, Shell, Stat-
oil, and Total.

Nordland VI
BP, Conoco, Elf, Enterprise, Esso, Hydro, Mobil,
Shell, Statoil, and Total.

Nordland VII
BP, Conoco, Elf, Enterprise, Esso, Hydro, Mobil,
Shell, Statoil, and Total.

Troms I, east of 19°

Agip, Amerada, Amoco, BP, Conoco, Elf, Enter-
prise, Esso, Fina, Hydro, Mobil, Neste, Phillips,
Saga, Shell, Statoil, and Total.

Troms I, west of 19°

Agip, Amerada, BP, Conoco, Elf, Enterprise, Esso,
Hydro, Mobil, Phillips, Saga, Shell, Statoil, Tenne-
co, and Total.

Troms II
Agip, Conoco, Elf, Enterprise, Esso, Hydro, Mobil,
Phillips, Saga, Shell, Statoil, and Total.

Troms II1

Agip, Amerada, BP, Conoco, Elf, Enterprise, Esso,
Fina, Hydro, Mobil, Neste, Phillips, Saga, Shell,
Statoil, and Total.

Finnmark Vest

Agip, Amerada, Amoco, BP, Conoco, Elf, Enter-
prise, Esso, Fina, Hydro, Mobil, Neste, Phillips,
Saga, Shell, Statoil, Tenneco, and Total.

Finnmark Ost

Agip, Amerada, Amoco, BP, Conoco, Deminex,
Elf, Enterprise, Esso, Fina, Hydro, Mobil, Neste,
Phillips, Saga, Shell, Statoil, and Total.

Bjerngya Sgr

Agip, Amerada, Amoco, BP, Britoil, Conoco, De-
minex, Elf, Enterprise, Esso, Fina, Hydro, Mobil,
Neste, Phillips, Saga, Shell, Statoil, Svenska Petro-
leum, Tenneco, and Total.

Bjorngya Vest
Amoco, Conoco, Deminex, Elf, Enterprise, Hydro,
Mobil, Saga, Shell, Statoil, and Total.

Bjgrngya Ost

Agip, Amoco, BP, Conoco, Deminex, Elf, Enter-
prise, Esso, Fina, Hydro, Mobil, Neste, Saga, Shell,
Statoil, Tenneco, and Total.

Lopparyggen Ost

Agip, Amerada, Amoco, BP, Conoco, Deminex,
Elf, Enterprise, Esso, Fina, Hydro, Mobil, Neste,
Phillips, Saga, Shell, Statoil, Tenneco, and Total.

Nordkapp Basin, north of 73°15’

Agip, Amoco, BP, Conoco, Elf, Enterprise, Esso,
Hydro, Mobil, Neste, Saga, Shell, Statoil, and To-
tal.

Nordkapp Basin, south of 73°15'

Agip, Amerada, Amoco, BP, Conoco, Deminex,
Elf, Enterprise, Esso, Fina, Hydro, Mobil, Neste,
Petrobras, Phillips, Saga, Shell, Statoil, Svenska Pe-
troleum, and Total.

Table 2.2.1.4

Survey of sold seismic data packages
Package 1991 Total
001 MO@RE-TRONDELAG-REGIONAL-PK-1 1 34
002 M@RE-TRONDELAG-REGIONAL-PK-2 1 27
003 TAMPEN-SPUR 1 22
004 M@RE-S@R-84 1 22
005 TRONDELAG-REGIONAL 25
006 HALTENBANKEN-VEST-84 23
007 FROYABANKEN-84 1 27
008 MORE-TRONDELAG-PAKKE-2#) 22
009 MORE-TRONDELAG-PAKKE-3 #) 28
010 TRENABANKEN 30
011 REG-DATA-NORDLAND-RYGGEN 1 21
012 NORDLAND-IV-85 9
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Package 1991 Total
013 REG-DATA-MIDT-N-SOKKEL 1 20
014 NORDILAND-II-83 1 22
015 NORDLAND-ITI-84 13
016 TROMS-11 12
017 REGIONAL-DATA-TROMS-@ST 18
018 FINNMARK-VEST-83 19
019 FINNMARK-VEST-84 20
020 NORDLAND-III-85 13
021 M@RE-S@OR-TEST-84 #) 5
022 STOREGGA-85 5
023 VORINGPLATAET 1 11
024 VIRING-BASSENGET-85/86 1 9
025 LOFOTEN-VEST-86 10
026 JAN-MAYEN-85 1
027 JAN-MAYEN-79/85 0
028 VORING-BASSENGET-87 2 9
029 NORDLAND-VI-87 1 11
030 NORDLAND-VII-87 1 11
031 NORDLAND-V-87 1 9
032 NORDLAND-VI-88 1 10
033 NORDLAND-VII-§8 2 11
034 NORDLAND-V-73~79 2 9
035 NORDLAND-VI-73-79 11
036 NORDILAND-VI-89 1 10
037 NORDLAND-VII-§9 1 10
038 NORDLAND-VII-74/75 1 10
039 NORDSJ@EN-SOR-TEST-89 #) 1
040 VORING-BASSENGET-88 2 7
041 V@ORING-BASSENGET-MERLIN-89 2 7
042 VORING-BASSENGET-WESTERN-89 2 7
043 MORE-BASSENGET-88 1 4
044 TYPEPROFILER-BARENTSHAVET #) 2 2
045 VORINGBASSENGET-1-90 2 2
046 STOREGGA-90 1 1
100 TROMS-HOVEDPAKKE 1 35
101 REG-DATA-TROMS-BAR.HAVET-73 1 21
102 TROMS-III-83/84 3 17
103 TROMS-III-85 4 17
105 TROMS-I-ST-77 20
106 TROMS-NORD-82-PAKKE-1 24
107 TROMS-NORD-83-PAKKE-3 23
108 TROMS-NORD-82-PAKKE-2 1 17
109 TROMS-NORD-83-PAKKE-4 1 17
200 BIORNO@YA-PAKKE-1 21
201 BIORNOYA-SOR-84 21
202 BIGRNOYA-OST-REGIONAL-84 18
203 BIJRNOYA-OST-84 17
204 BIORN@YA-TILLEGG-NORD 17
205 BIORNOYA-VEST-REGIONAL-84 15
206 LOPPARYGGEN-@ST-REGIONAL-84 19
207 LOPPARYGGEN-@ST-85-SSL-DIAG 19
208 LOPPARYGGEN-@ST-85-NORD 19
209 LOPPARYGGEN-@ST-85-GECO-DIAG 19
210 LOPPARYGGEN-@ST-85-GRID 19
211 BIORNOYA-OST-TEST-85 #) 1
212 BI@ORN@DYA-VEST-86-DIAG 13
213 BIORN@YA-VEST-86-HIGH 13
214 BIORNOYA-VEST-86-MARGIN 12
215 BIORNOYA-VEST-86-SWATH #) 1
216 BIORN@YA-VEST-87 13
300 BARENTSHAVET-S@R-@ST-HOVEDPK 22
301 BARENTSHAVET-S@R-@BST-PAKKE-2 21
302 NORDKAPP-BASS-85-GECO-DIAG 20
303 NORDKAPP-BASSENGET-85-NORD 20
304 NORDKAPP-BASSENGET-85-GRID 21
305 NORDKAPP-BASSENGET-86-DIAG 20
306 NORDKAPP-BASSENGET-86-SOR 21
307 NORDKAPP-BASSENGET-86-NORD 14
308 FINNMARK-@ST-86-REGIONAL 19
309 FINNMARK-OST-86-DIAG 18
310 FINNMARK-@ST-86-GSI 19
312 NORDKAPP-TEST-87 #) 1
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2.2.1.5 Release of data and material from the .conti-
nental shelf

In connection with resources supervision of the pe-

troleum activities offshore Norway, the Directorate

is supplied with copies of well bore logs and repre-

sentative selections of drill cuttings and cores.

Cuttings samples are recovered every 10 metres
downhole and every three metres if the formation
potentially contains hydrocarbons. For wet samples,
which should weigh at least half a kilo, the same
sampling frequency is observed. The Directorate re-
ceives a complete longitudinal section of core sam-
ples including minimum a quarter of cores in explo-
ration wells and minimum half in production wells.

As of 31 December 1991 the Directorate had
stocks totalling 70,452 metres of core material from
779 wells, 351,757 samples of washed cuttings from
930 wells, and 387,084 wet samples from 1104 wells.
This includes production wells and material from 86
foreign bores, mainly from the UK sector of the
North Sea, but also including Svalbard, Andgya,
Hopen, Tanzania, and Mozambique.

The Directorate is responsible for the publishing
of data and release of material specimens for pur-
poses of education and research. The licensees’ in-
terpretations are not released.

The Directorate’s Well Data Summary Sheets are
issued once a year and provide a survey of wells five
years old in the year of publication. The series aims
to show which exploration wells have been released
and what core and log materials are available from
the various exploration wells. Some technical data
and test results are also issued as well as a composite
log with lithology specifications of each exploration
well to scale 1:4000.

Fig. 2.2.1.5
Applications for sample material by subject

In addition to its WDSS summaries, the Directo-
rate issues two publication series: Licences, Areas,
Area Coordinates, Exploration Wells and Borehole
List, Exploration Drilling, which also provides infor-
mation on released material. Both are published an-
nually.

The list of production licences contains a summa-
1y of each production licence on the Norwegian con-
tinental shelf, stating licence number, allocation
date, operator, allocated acreage, present acreage,
partners and units, geographical coordinates for
area, some data about wells drilled in the produc-
tion licence, and a map of each licence area with the
wells plotted in. Also included are some historical
details and lists and tables presenting the drilling ac-
tivity. The well bore list is an extended version of
the Directorate’s previous well bore list. Explora-
tion wells are sorted according to five different cri-
teria: well number, spudding date, completion date,
operator, and production licence number.

In the Directorate’s core study room it is possible
to examine the core materials, drill cuttings and wet
samples, and in special cases permission may be
granted to be issued sediment samples and oil sam-
ples in order to study and analyse them outside the
confines of the Directorate.

Figure 2.2.1.5 shows the demand for specimens
broken down by discipline: organic geo-chemistry;
biostratigraphy; sedimentology and petrophysics.

In 1991, the routines for release of geological
samples were amended in connection with applica-
tions for such release. Applications for release of
material are now considered three times a year, with
application deadlines on 1 April, 1 August, and 1
December.
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Table 2.2.1.5
Released seismic data

No Package name Lenght (km) Area

No Package name Length (km) Area

A1 NH-8007 231,328 0007/11
A2 5G-8048 689,619 7/11

A3 NH-8302 350,404 0007/11
A 4 NHCN-82 1400,587 0007/08,11
A5 SH-82 872,699 0002/05
A6 SG-8052 541,722 0002/02
A7 BP80-019 985,315 2/1.&7/12
A8 EL-8180 1023,510 2/6 & 2/9
A9 ST-501 696,000 0033/02
A 10 ST-502 1182,771 0033/03
A 11 ST-503 1307,000 0033/05,06
A 12 NH-754 174,000 0033/05
A 13 NAG-80 498,000 0033/06
A 14 ANO-77 195,921 0034/02
A 15 ANO-77-1 357,787 30/ &31/4
A 16 ANO-77-2 9,000 0024/06
A 17 ANO-79 923,155 0034/02
A 18 ANO-80 72,566 0034/02
A 19 SA-530 1229,439 0035/3

A 20 SAG-78 186,660 35/3

A 21 SG-8130 783,153 BL:35/3

A 22 GULF-79-2
A 23 GULF-80-1

1000,323 35/8&9

A 24 ANO-74 1515,589 0036/01
A 25 SG-8252 1115433 2123

A 26 PSL-84-1 562,258 0008/10
A 27 ST-8007 395,000 0031/

A 27 SH-8007 2495,000 31 & 32
A28 TO-8513 25287 0029/03
A 29 TO-8510 261,665 0029/03
A 30 SG:85 27,474 0034/04
A 31 NH-8504 421,850 0030/06
A 32 MN-85 587,980 0035/11

A 33 NH-8502 1269,787 0030/09
A 34 NH-8503 24,073 29/3&33/12
A 35 NH-8202 2072,594 31 & 32
A 36 SG-8127 813,636 35/36

A 37 SG-8133 350,377 34/11

A 38 SG-8425 275,184  0031/02,3
A 39 NH-8104 1921,288 32,3436
A'40 ST-8109 1318,896 35,36
A4l 81-007 339,599 0031

A 42 EL-8307 2372,612 34/8

A 43 ST-8006 1948,741 0030/2,3,6
A 44 BP-85 423,043 0016/08
A 45 ST-8116 2194,671 31 &32
A 46 G-81 519,484 35/8&9
A 47 GU-82 681,716 35/8
A48 GU-81 376,311 35/8

A 49 ST-8313 276,587 ‘BL:34/10
A 50 ST-811 368,311 0030/02,03

A 51 ST-8111

A 52 G-8101

A 53 BP81-043

A 54 NH-8502-3D

347,830 30/6&9
848,026 35/8&9
1375,896 29/6&30/4
22431,769 0030/09

A 55 NS-79 3710,355 SYD 62

A 56 NS-78 4638,521 SYD 62

A 57 PGE-82 700,213  0002/07,10

A 58 NH-8201 1103,320 0002/08,11

A 59 PGO-2/10-77 204,562 0002/10

A 60 ANO-78-2 1540,000 2/6,8,93/4

A 61 ANO-78-3 363,927 VALHAL/HOD
A 62 ANO-79-1 90,834 0002/05

A 63 PGE-80 716,189 2/4& 7

A 64 PSL-84-2 235,360 0002/07

A 65 ANO-83 393,692 VALHALL

A 66 ST-8421 592,346 2/9,12

A 67 NS-76 3569,609 SYD 62

A 68 ANO-80-1 199,091 0002/05,08

A 70 ST-404 454,590 0001/09

A 71 EL-8201 592,000 0003/07

A 72 SH-72 83,507 0001/09

A 73 EL-8186 1743,788 0001/03

A 74 PG-2/7-73 115,142 0002/07

A 75 EL-8083 124,002 3/7

A 76 GULF-79 420,961 0002/02,03

A 77 ST-809 28,406 1/9 & 2/7

A 78 PGE-80-GE 25,995 0002/04

A'79 ST-8013-81 121,976 0001/09

A 80 CSSC-78-2 62,829 0002/2,03

A 81 ANO-78-1 793,394 0002/02,05

A 82 EL-980 356,736 0002/06

A 83 PSL-84-3 440,268 0002/04

A 84 EL-686 207,568 0002/06

A 85 PG-2/4-73 101,000 0002/04

A 86 ANO-76 251,148 0002/04,05

A 87 ST-601 110,379 0001/05

A 88 N2-70 226,399  0002/01

A 89 SH-79-1 598,979 0001/3,2/1

A 90 PGE-79 120,029 BL:2/4,5

A9l A-79 344,734 1/6 & 2/4

A 92 ANO-80-2 117,580 0003/04

A 93 SH-74-1 437,325 0001/

A 94 'EL-8186-82 158,842 0001/03

B1 SH-84 1238,985 6407/9

B2 CN-8502 1002,000 HALTENBANKEN
B3 SSL-7172 3274,995 56-58 DEG

B4 BP-83 923,962 HALTENBANKEN
B5 SG-8158 236,813 6507/11,12

B6 SG-8258 436,561 6507/11&12

B7 SG-8271 638,185 64072

B8 ST-8110 280,384 TROND WEST
B9 ST-8306 325,840 HALTENBANKEN

In 1991 the Directorate released a total of 100,518
line kilometres of seismics in 103 data packages. The
released seismics included 94 packages south of
62°N and nine packages off Mid-Norway.

Table 2.2.1.5 gives a summary of seismic data re-
leased.

2.2.2 Exploration drilling
Of the nine exploration wells being drilled at year

Drilling activity in 1991 comprised 36 exploration
wells in the North Sea, eight offshore Mid-Norway,
and three in the Barents Sea. In addition to the 47
exploration wells spudded, ten suspended explora-
tion wells were reopened in the course of 1991. Of
these 57 exploration wells, 32 had been terminated,
13 suspended, and 12 were still being drilled at 31
December 1991. All told by the same date, 709 ex-
ploration wells had been spudded in the Norwegian

end 1990, five were terminated, one was abandoned
and three were suspended in 1991.

In 1991, 47 new exploration wells were spudded,
of which 34 were wildcats and 13 appraisal wells.

sector, of which 509 were wildcats and 200 appraisal
wells. See Figure 2.2.2.a. Table 2.2.2 summarises
the exploration wells spudded and/or terminated in
1991. In all, 40 exploration wells had been tempo-




Table 2.2.2

Spudded and terminated exploration wells in 1991
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R = reentry, X = prospective depth not reached, S = deviated
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Exploraiton Lic. no. Position Drilling Operator Well type Water depth Total depth
well Prod.  north Spudded Drill Completion (in metres)
lic. no. east Terminated rig classification KBE in Geol
metres period
2/08-14 X 647 56 15 48.93 90.08.14 Amoco Wildcat 67 4392
006 03 21 23.11 91.01.22 West Vanguard Suspended 22
6406/11-01 § 651 64 02 46.02 90.10.19 Saga Wildcat 315 4185
156 06 36 14.16 91.02.22 Treasure Saga Dry hole 25 L.Trias
15/12-07 S 655 58 00 49.93 90.11.06 Statoil Wildcat 85 3529
116 01 58 35.54 91.01.07 Deepsea Bergen  Dry hole 23 Trias
2/07-24 653 56 18 33.00 90.11.07 Phillips Wildcat 71 4985
018 0319 23.56 91.04.13 Ross Isle Dry hole 22 U.Jura
2/07-25 S 657 56 19 59.69 90.11.29 Phillips Appraisal 68 5177
018 03 14 53.90 91.03.31 West Delta Suspended. Dry hole 29
34/08-04 S 659 6119 29.58 90.12.06 Hydro Wildcat 310 4150
120 02 25 18.67 91.06.09 Mersk Jutlander  Suspended 23
6406/12-01 S 662 64 04 11.14 90.12.15 Statoil Wildcat 330 3965
157 06 43 56.91 91.02.28 Ross Rig Dry hole 23 M.Jura
6407/07-05 660 64 18 24.34 90.12.17 Hydro Appraisal 327 3724
107 07 10 50.58 91.02.15 Transocean 8 Hydrocarbons 24 L.Jura
25/05-04 661 59 36 33.22 90.12.22 Elf Wildcat 120 3185
102 02 28 32.07 91.03.07 Dyvi Stena Susp. Gas/Condensate 25 L.Jura
35/09-02 663 61 20 08.69 91.01.01 Hydro Wildcat 367 2885
153 03 56 16.59 91.04.03 Vildkat Explorer ~ Gas/Condensate 25 Bedrock
6201/11-02 664 6201 07.62 91.01.12 Statoil Wildcat 373 3778
130 01 25 16.78 91.03.11 Deepsea Bergen  Dry hole 23 Trias
25/02-14 666 59 45 53.52 91.01.25 Elf Appraisal 117 3623
026 02 35 23.04 91.03.30 West Vanguard Dry hole 22 L.Jura
7120/02-02 665 71 50 24.00 91.01.27 Hydro Wildcat 337 2800
109 20 36 03.60 91.03.23 Polar Pioneer Hydrocarbons 23 M.Jura
34/08-05 667 6119 29.94 91.02.18 Hydro Appraisal 296 3540
120 02 20 57.94 91.04.01 Transocean 8 Hydrocarbons 24 Trias
34/07-17 668 61 20 50.69 91.02.25 Saga Appraisal 259 3115
089 02 05 42.31 91.04.07 Treasure Saga Dry hole 26 Trias
6507/08-05 670 65 20 36.75 91.03.02 Statoil Wildcat 332 2000
124 07 38 .04.70 91.03.16 Ross Rig Dry hole 23 Jura
1/03-06 669 56 56 14.92 91.03.11 Elf Wildcat 72 3586
065 02.42 20.81 91.06.22 Dyvi Stena Gas/Condensate 25 Cret.
2/07-26 S 674 56 19 59.60 91.03.30 Phillips Appraisal 70 4849
018 03 14 53.73 91.09.13 West Delta Suspended 29
2/11-08 673 56 08 08.60 91.04.03 Hydro Wildcat 66 4584
068 03 20 46.64 91.07.11 Polar Pionecer Dry hole 23 Prejura
25/01-08 S4R 466 5954 03.29 91.04.03 Elf Wildcat 102 2650
024 02 06 09.80 91.04.14 West Vanguard Gas 25 Paleocen
1/09-06 SR 318 56 29 03.85 91.04.06 Statoil Appraisal 75 3880
044 02 56 00.14 91.04.20 Ross Rig Gas/Condensate 25 U.Cret.
30/09-12 671 60.25 57.09 91.04.07 Hydro Appraisal 104 2994
104 02 51 34.90 91.05.09 Vildkat Explorer  Oil 25 L.Jura
34/07-17 A 677 61 20 50.69 91.04.07 Saga Appraisal 259 2650
089 02 05 42.31 91.05.04 Treasure Saga Oil/gas 26 M.Jura
34/10-34 672 6113 04.19 91.04.10 Statoil Wildcat 139 2410
050 02 08 04.69 91.05.31 Deepsea Bergen  Oil/gas 23 L.Jura
2/01-09 676 56 51 37.77 91.04.15 BP Appraisal 66 4289
019 0305 04.77 91.07.06 Ross Isle Susp. Oil/gas 23 Perm
25/04-06 S 678 59 42 35.43 91.04.15 Elf Wildcat 114 4170
036 02 19 04.45 91.08.24 West Vanguard Susp. Oil/gas 22
24/09-04 675 59 23 21.95 91.04.17 Fina Wildcat 119 2208
150 01 47 20.29 91.06.17 Byford Dolphin Traces of oil 25 Tert.
1/09-04 R 182 56 29 03.76 91.04.21 Statoil Wildcat 75 3710
044 02 56 00.29 91.04.26 Ross Rig Gas/Condensate 25 Perm
6507/06-02 679 65 44 26.42 91.04.27 Saga Wildcat 315 4354
123 07 41 06.55 91.07.16 West Alpha Qil 18 U.Trias
15/09-17 R 356 58 26 44.19 91.04.28 Statoil Wildcat 86 3120
046 01 56 53.58 91.05.04 Ross Rig Gas/Condensate 25 Trias
2/04-16 680 56 40 37.23 91.05.07 Saga Wildcat 68 4996
146 03 09 02.07 91.11.04 Treasure Saga Suspended 26
6506/11=02 681 65032532 91:05.08 Statoit Wildeat 296 4810
134 06 37 22.39 91.10.26 Ross Rig Oil/gas 23 L.Jura
30/09-12 A 683 60 25 57.09 91.05.09 Hydro Appraisal 104 2927
104 02 51 34.90 91.06.04 Vildkat Explorer  Suspended.Oil 25 L.Jura
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Exploraiton Lic. no. Position Drilling Operator Well type ‘Water depth Total depth
well Prod.  north Spudded Drill Completion (in metres)
lic. no. east Terminated rig classification KBE in Geol
metres period
15/12-08 684 58 03 01.85 91.06.05 Statoil Wildcat 87 3053
038 0158 03.41 91.07.14 Deepsea Bergen ~ Gas/Condensate 23 Trias
15/05-04 682 58 38.28.40 91.06.06 Hydro Appraisal 112 2300
048 01 33 08.87 91.07.03 Vildkat Explorer  Traces of oil 25 U.Paleocen
16/10-02 685 58 08 26.58 91.06.20 Agip Wildcat 79 3150
101 02 02 14.91 91.08.01 Byford Dolphin Dry hole 25 Trias
31/02-16 SR 622 60 46 00.00 91.06.26 Hydro Appraisal 354 2390
054 03 25 27.55 91.07.08 Transocean 8 Suspended 25 U.Jura
35/11-05 687 61 05 45.58 91.06.27 Mobil Wildcat 355 3769
090 03 23 53.49 91.11.03 Sovereign Explorer Hydrocarbons 25 L.Jura
30/09-13 8 688 60 21 37.69 91.07.05 Hydro Wildcat 106 3964
104 02 43 17.78 91.10.11 Vildkat Explorer  Susp. ‘Oil/Gas 25 L.Jura
7112-10 686 57 10 57.37 91.07.08 BP Appraisal 71 3667
019 02 48 18.47 91.08.29 Ross Isle Dry hole 23 Trias
31/05-04 AR 656 60 43 16.19 91.07.09 Hydro Appraisal 317 2605
085 03 33 43.06 91.07.18 Transocean 8 Susp. Oil/Gas 25 U.Jura
15/12-08 A 691 58 03 01.85 91.07.14 Statoil Wildcat 87 2940
038 01 58 03.41 91.07.29 Deepsea Bergen  Gas/Condensate 23 Trias
34/07-18 690 61 19 10.75 91.07.20 Saga Wildcat 243 2443
089 02 06 40.26 91.09.17 West Alpha Oil 18 L.Jura
2/04-17 689 56 41 02.60 91.07.21 Phillips Wildcat 68 5258
018 03 13 45.20 00.00.00 Mearsk Guardian 43
6305/12-01 693 63 01 25.73 91.07.29 Hydro Wildcat 176 4301
154 05 47 23.94 91.09.21 Transocean 8 Dry hole 24 Bedrock
35/10-01 692 61 07 02.05 91.08.01 Statoil Wildcat 362 3986
173 03 13 34.87 00.00.00 Deepsea Bergen 23
6607/05-02 694 66 41 03.38 91.08.07 Esso Wildcat 523 4684
126 07 21 22.52 91.11.17 Dyvi Stena Dry hole 25
7128/06-01 695 71 31 04.99 91.08.11 Conoco Wildcat 336 2543
181 28 49 03.41 91.11.08 Arcade Frontier Dry hole 23 Pre-Devon
7/12-11 696 57 07 10,71 91.08.31 BP Wildcat 67 3868
164 02 58 33.19 91.11.06 Ross Isle Dry hole 23 Trias
2/05-09 697 56 32 07.18 91.09.10 Amoco Wildcat 69
006 03 33 13.06 00.00.00 West Vanguard 22
2/07-21 SR 610 56 19 59.63 91.09.13 Phillips Appraisal 71 5044
018 03 14 53.75 91.10.14 West Delta Susp. Oil 29
34/08-06 699 61 25 31.00 91.09.21 Hydro Wildcat 377 3950
120 02 28 33.00 91.11.03 Transocean 8 Dry hole 23 Jura
34/07-19 698 61 23 38.96 91.09.23 Saga Appraisal 286 2803
089 02 05 31.46 91.12.26 West Alpha Suspended 18 L.Jura
30/06-24 S 700 60 42 02.74 91.10.13 Hydro Wildcat 144 3985
170 0241 34.28 91.12.07 Vildkat Explorer  Hydrocarbons 24 Trias
2/07-20 R 566 56 19 59.70 91.10.14 Phillips Wildcat 71 4512
018 03 12 .53.86 91.11.01 West Delta Suspended 22 Trias
6507/02-02 702 6555 01.68 91.10.21 Hydro Wildcat 369
122 07 30 54.56 00.00.00 Polar Pioneer 23
6608/10-02 701 66 00 49.35 91.10.28 Statoil Wildcat 374 3678
128 08 04 26.48 00.00.00 Ross Rig Oil/gas 23
2/02-05 705 56 50 05.80 91.11.07 Saga Wildcat 63
066 03 27 22.90 00.00.00 Treasure Saga 26
2/01-10 703 56 57.53.61 91.11.09 BP Wildcat 66
164 03 01 19.70 00.00.00 Ross Isle 23
207-278 707 56 19 59.81 91.11.09 Phillips Appraisal 71
018 03 14 53.77 00.00.00 West Delta 29
25/11-15 704 59 11 03.50 91.11.10 Hydro Wildcat 127 2035
169 02 29 03.82 91.12,24 Transocean 8 Oil 24 L.Jura
7122/04-01 706 71 44 50.47 91.11.13 Esso Wildcat 343
178 22 05 06.39 00.00.00 Arcade Frontier 25
35/11-04 R 642 61 0159.93 91.11.16 Mobil Wildcat 355 3127
090 03 32 53.58 00.00.00 Sovereign Explorer 25 L.Jura
25/11-14 SR 648 59 1117.31 91.11.24 Esso Appraisal 127 1908
001 0222 11.64 91.12.02 Dyvi Stena 25 Paleocen
3/07-05 708 56 28 47.00 91.12.06 Shell Wildcat 67
147 04 18 17.60 00.00.00 Dyvi Stena 25
31/2-17§ 709 60 52 57.08 91.12.28 Hydro Appraisal 340
054 03 27-05.79 00.00.00 Transocean 8 24
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Fig. 2.2.2.a
Exploration drilling on the Norwegian continental shelf.
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rarily abandoned on the Norwegian continental ted at Jurassic sandstone prospects. Of the 47 explo-
shelf at the end of the year. ration wells spudded, 40 had Jurassic strata as their

Suspended .exploration wells on the Norwegian main prospect. Of the other main prospects, three
continental shelf for which equipment has been in- were in Tertiary, one in Cretaceous, one in Triassic,
stalled on the seabed are as follows: one in pre-Jurassic, and one in Permian strata. Of

the secondary prospects, two were in Tertiary, two
2/02-09 25/04-06S 31/05-04AR in Cretaceous, ten in Jurassic, three in Triassic, and
2/04-158 25/05-04 34/04-07 one in Permian strata.
2/04-16 30/02-01 34/07-19
2/07-20R 30/03-04 34/08-04S 2.2.2.2 New discoveries in 1991
2/07-21SR 30/06-16 34/10-05 Of the exploration wells terminated in 1991 the fol-
2/07-238 30/06-19 34/10-32R lowing are classed as discoveries:
2/07-258 30/06-21 6407/07-03
2/07-26S 30/06-22 6407/07-04 Well Operator Hydrocarbons
2/12-028 30/09-02R 6407/09-03
7/11-10SR 30/09-09 6407/09-05 1/3-6 Elf Gas and condensate
15/09-17 30/09-10 6407/09-06 15/12-8 Statoil Gas and condensate
15/12-068 30/09-12A 6506/12-08 25/4-6S Elf Gas and oil
25/02-09 30/09-13S 25/5-4 Elf Gas and condensate
25/02-13 31/02-16SR 25/11-15  Hydro Oil
30/9-13S  Hydro Oil and gas
Figures 2.2.2.b, ¢ and d show the exploration wells 34/7-18 Saga Oil
spudded in the three regions of the Norwegian con- 34/8-4S Hydro Gas and condensate
tinental shelf (North Sea, offshore Mid-Norway and 34/10-34 Statoil Qil and gas
Barents Sea) in relation to structural main features. 35/11-4R  Mobil Oil and gas

The Norwegian companies Saga, Norsk Hydro  6506/11-2  Statoil Oil, condensate and gas
and Statoil operated 29 of the spudded wells as at 31
December 1991, corresponding to 61.7 per cent. Block 1/3
The remaining 18 wells were operated by Elf, Con- Elf Aquitaine Norge A/S as operator of production
oco, BP, Phillips, Esso, Amoco, Mobil, Agip, Shell, licence 065 drilled wildcat 1/3—6 in the northwestern
and Fina. See Table 8.2.c tor details. part of the block. The well was drilled to a total

depth of 3561 metres below sea level and terminated

2.2.2.1 Distribution of prospect types in Cretaceous rock.
Exploration activity in 1991 was very largely targe- Hydrocarbons were proven in Palaeocene sand-
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Fig. 2.2.2.b
Exploration wells drilled in 1991 in the North Sea
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stone and two production tests were run. The
highest rate was measured at 0.17 mcm gas a day,
with a gas-to-condensate ratio of 1100 scm/scm
through a 19.05 mm choke, while condensate densi-
ty was 0.78 g/cc. The discovery has been evaluated
and is now included in the resources accounts.

Block 15/12
Statoil as operator of production licence 038 drilled

rassic and Triassic sandstone, and the well was pro-
duction tested. Peak production was measured to
0.55 mcm gas and 420 scm condensate a day through
a 15.9 mm choke. Measured condensate density was
0.74 g/cc. The deviation drilling of 15/12-8-A was
carried out in order to take core samples of the re-
servoir zone. The discovery has been evaluated and
is now included in the resources accounts.

the 15/12-8/8-A wildcat in a structure in the south-
eastern part of the block. The well was drilled to a
depth of 3031 metres below sea level and terminated
in Triassic rock. Hydrocarbons were proven in Ju-

Biock 25/4

Elf Aquitaine as operator of production licence 036
drilled the 25/4-6-S wildcat in the northeastern cor-
ner of the block. The well was drilled to 4148 metres
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Fig. 2.2.2.c
Exploration wells drilled in 1991 on the Mid-Norwegian shelf
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below sea level and terminated in early Jurassic in the block. The well was drilled to 3168 metres be-

rock. Hydrocarbons were proven in middle Jurassic low sea level and terminated in early Jurassic rock.

sandstone, and the well was production tested. Peak Hydrocarbons were proven in middle Jurassic sand-

production was 0.46 mcm gas and 688 scm oil a day stone, and a production test was run. The maximum

through a 20.64 mm choke. It is as yet to early to say measured production rate was 0.74 mcm gas a day

anything about the magnitude of the discovery al- through a 20.3 mm choke. The gas-to-condensate

though drilling results and the test are considered in- ratio was measured to 3100 scm/scm. The conden-

””””””””””””” teresting. sate density was 0.7 g/cc. The discovery has mow

been evaluated by the Directorate and is included in

Block 25/5 the resources accounts. The discovery has been

Elf Aquitaine as operator of production licence 102 named Byggve.

drilled wildcat 25/54 in a structure centrally located
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Fig. 2.2.2.d
Exploration wells drilled in 1991 in the Barents Sea
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Block 25/11 Block 30/9

Norsk Hydro as operator of production licence 169
drilled the 25/11-15 wildcat in a structure east of
Balder. The well was drilled to 2011 metres below
sea level and terminated in early Jurassic rock. Oil
was proven in Palaeocene sandstone strata in the
Heimdal formation and a production test was run.
Peak production rate was measured at 540 scm oil a

Norsk Hydro as operator of production licence 104
drilled wildcat 30/9-13-S in the Gamma st struc-
ture southwest of the Oseberg field. The well was
drilled to 3939 metres below sea level and termi-
nated in early Jurassic rock. Hydrocarbons were
proven in middle and late Jurassic sandstone, and
three production tests were run, two oil tests and

day through a 25.4 mm choke. The measured gas-to-
oil ratio was 15 scm/scm, while oil density was 0,945
g/cc. The discovery has been evaluated and is now
included in the resources accounts.

one gas test. The measured peak production rate
from the oil zone was 824 scm oil a day through a
19.05 mm choke. The gas-to-oil ratio was 148 scm/
scm. Measured oil density was 0.845 g/cc. The meas-
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ured peak production rate from the gas zone was
0.46 mcm gas a day through a 28.6 mm choke. The
gas-to-oil ratio was here 5200 scm/scm, and the den-
sity of the gas relative to air was 0.72. The drilling
results are interesting when considering future ex-
ploration activity in the Oseberg field area.

Block 34/7

Saga as operator of production licence 089 drilled
wildcat 34/7-18 in a structure south of the Snorre
field. It was drilled to a total depth of 2421 metres
below sea level and terminated in early Jurassic
rock. Only small quantities of hydrocarbons were
proven in middle Jurassic strata, which is dis-
appointing. However, hydrocarbons were proven in
Palacocene sand, where a production test was run.
The test gave a production rate of about 44 scm oil a
day through an 8 mm choke, and oil density was
0.89 g/cc.

This is the first time oil has been proven and
tested from this level in the area so that the discov-
ery is considered interesting despite the low test
rates.

Block 34/8

Norsk Hydro as operator of production licence 120
drilled wildcat 34/8-4-S in the southeastern part of
the Visund discovery. The well was drilled to a total
depth of 3779 metres below sea level and terminated
in Triassic rock. Hydrocarbons were proven in late
Triassic sandstone. A total of four production tests
were run and the measured peak production rate
was 988 scm condensate a day and 0.792 mcm gas a
day through a 20.64 mm choke. Condensate density
was 0.785 g/cc, while gas density was 0.739 relative
to air.

Block 34/10

Statoil as operator of production licence 050 drilled
the 34/10-34 wildcat in a previously undrilled struc-
ture to the west of the Gullfaks field. The well was
taken to a total depth of 2397 metres below sea level
and terminated in early Jurassic rock. Hydrocarbons
were proven in middle Jurassic sandstone, and a test
was run. The measured peak production was 606
scm oil a day and 0.1413 mcm gas a day through a
19.05 mm choke. This result must be regarded as
positive considering the close proximity to Gullfaks.

Block 35/11

Mobil as operator of production licence 090 per-
formed a production test of wildcat 36/114-R. The
well was first drilled in 1990 in a separate structure
in the southeastern part of the block. It was drilled
to a total depth of 3110 metres below sea level and
terminated in early Jurassic rock. Hydrocarbons
were proven in Jurassic sandstone.

a day. The gas-to-oil ratio was then 96 scm/scm. Oil
density was 0.831 g/cc, while gas density was 0.670
relative to air. This result is considered positive and
encouraging for the block. The well, which is
counted as a discovery made in 1991, has been
evaluated and is now included in the resources ac-
counts. '

Block 6506/11

Statoil as operator of production licence 134 drilled
wildcat 6506/11-2 in the southeastern part of the
block.

The aim was to delineate the Smgrbukk structure
extending from the neighbouring block 6506/12 to
the east. Gas and oil have previously been proven in
this structure. The drilling operation was terminated
at a depth of 4787 metres below sea level in early Ju-
rassic rock. Gas, condensate and oil were proven in
Jurassic and Cretaceous sandstone.

Six production tests were run and the best test
gave 720 scm condensate and 1 mcm gas a day
through a 25 mm choke. The gas-to-oil ratio was
measured to 1440. Gas density was 0.734 relative to
air, while condensate density was 0.783 g/cc.

The results from this drilling operation confirm
that the hydrocarbon column in the Sm@rbukk struc-
ture extends into block 6506/11. Another positive
characteristic was that hydrocarbons were proven in
Cretaceous sandstone.

2.2.2.3 Further details of other drilling operations
Block 2/1

BP as operator of production licence 019B drilled
appraisal well 2/1-9. The well was drilled to 4266
metres below sea level and terminated in Permian
rock. Hydrocarbons were proven in late Jurassic
sandstone. This is a possible extension of the Gyda
field to the south but further evaluation is required
before the size and reach can be ascertained. A pro-
duction test was run, giving a measured production
rate of 165 scm oil, 0.091 mcm gas and 120 cubic me-
tres of water a day through a 17.5 mm choke.

BP as operator of production licence 164 is drill-
ing wildcat 2/1~10 in a prospect in the northwestern
part of the block. The drilling operation had not
been terminated at the end of the year.

Block 2/2

Saga Petroleum as operator of production licence
066 is drilling wildcat 2/2-5. The drilling operation
had not been terminated at the end of the year.

Block 2/4

Saga Petroleum as operator of production licence
146 drilled the 2/4-16 wildcat in the same structure
as 2/4-14. Control was lost of the well, resulting in a
long and costly normalisation process, and the an-

The well was reentered in fall 1991 and was being
production tested at the end of the year. A total of
four tests were performed where the maximum
stable production rate was measured at 683 scm oil

ticipated reservoir sand was not encountered. wWhen
the well had reached 4970 metres below sea level
there was a gas kick up the drill string onto the drill
floor. It is uncertain whether the gas derived from a
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new reservoir or evidenced gas from coal benches
sucked into the well. The well was plugged using the
shear ram. The situation was in some ways similar to
what happened on 2/4-14.

However, the starting point for regaining control
was better than for 2/4-14. After about two months
the well had been killed and most of the drill string
fished out. The well 'was then plugged temporarily.

Phillips Petroleum as the operator of production
licence 018 is drilling wildcat 2/4-17 in the Nordgst
Tor prospect. Hydrocarbons were proven in Jurassic
and possibly also Triassic sandstone. The reservoir
zones are going to be production tested. Drilling op-
erations had not yet been terminated at the end of
the year.

Bleck 2/5
Amoco as operator of production licence 006 is drill-
ing the 2/5-9 wildcat in the Magne prospect. Drilling
operations had not yet been terminated at the end of
the year.

Block 2/7

Phillips as operator of production licence 018 drilled
wildcat 2/7-24 west of the Valhall field. The well
was drilled to 4963 metres below sea level and termi-
nated in late Jurassic rock. The hole was a duster.

Embla appraisal wells in block 2/7

Phillips as operator of production licence 018 has
engaged in appraisal drilling on the Embla field.
The wells were sidetracked through a seabed tem-
plate positioned over 2/7-20.

Appraisal well 2/7-25-S was drilled to 4529 metres
below sea level but the expected reservoir was not
proven. The well was drilled to an Upper Jurassic
interval before being terminated in rock of unknown
age. No significant hydrocarbon traces were found.

Appraisal well 2/7-26-S was drilled to 4820 metres
below sea level and terminated in pre-Jurassic sand-
stone. The well proved two independent hydrocar-
bon-bearing sandstone strata of unknown age. Two
production tests were run. In the first, the produc-
tion rate was 53 scm oil and 10,109 scm gas a day
through a 6.35 mm choke with a measured gas-to-oil
ratio of 191 scm/scm. In the second test the produc-
tion rate was 223 scm oil and 62,141 scm gas a day
through a 6.35 mm choke with a measured gas-to-oil
ratio of 279 scm/scm.

Appraisal well 2/7-27-S was sidetracked with a
trajectory as close to 2/7-23-8 as possible in order to
test the reservoir zone in the northern part of the
Embla field. Drilling operations had not yet been
terminated at the end of the year.

Block 2/8
Amoco as operator of production licence 006 drilled

depth due to unexpectedly high pore pressure. Hy-
drocarbon traces were observed during the drilling
operation.

Block 2/11

Norsk Hydro as operator of production licence 068
drilled wildcat 2/11-8. The well was drilled to a total
depth of 4561 metres below sea level and terminated
in pre-Jurassic rock. The hole was dry.

Block 3/7

Norske Shell as operator of production licence 147 is
drilling wildcat 3/7-5 in the Lemen prospect. The
drilling operation had not yet been terminated at the
end of the year.

Block 7/12

BP as operator of production licence 019A drilled
wildcat 7/12-10. The well was drilled to 3632 metres
below sea level and terminated in Triassic rock. The
anticipated reservoir levels were dry. Only traces of
hydrocarbons were proven in Cretaceous rock. The
well was not production tested.

BP as operator of production licence 164 drilled
wildcat 7/12-11 just east of the Ula field. The well
was drilled to 3842 metres below sea level and termi-
nated in Triassic rock. Well 7/12-11, the first in pro-
duction licence 164, failed to prove hydrocarbons.

Block 15/5

Norsk Hydro as operator of production licence 048
drilled appraisal well 15/5-4 in a structure in which
hydrocarbons have been proven in the British sector
and which was assumed to extend into the Norwe-
gian sector. The well was drilled to a depth of 2275
metres below sea level and terminated in late Pala-
eocene rock. The wells showed weak indications of
hydrocarbons, and a production test was run. Only
small volumes of water were produced during the
test.

Block 15/12

Statoil as operator of production licence 116 drilled
the 15/12-7-S wildcat in a structure in the southea-
stern corner of the block. The well was drilled to a
depth of 3506 metres below sea level and terminated
in Triassic rock without striking hydrocarbons.

Block 16/10

Agip as operator of production licence 101 drilled
the 16/10-2 wildcat in a structure in the western part
of the block. The well was drilled to a depth of 3125
metres below sea level and terminated in Triassic
rock. No hydrocarbons were encountered in the
well.

Block 24/9

wildcat 2/8-14 northwest of the Valhall field. The
well was drilled to a total depth of 4370 metres be-
low sea level and terminated in late Jurassic rock. It
was terminated 1230 metres over the projected total

Fina as operator of production licence 150 drilled
the 24/9—4 wildcat in a stratigraphic trap in the west-
ern part of the block. The well was drilled to a depth
of 2183 metres below sea level and terminated in
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early Tertiary rock. Only traces of oil were proven
and the well was not production tested.

Block 25/2

Elf Aquitaine as operator of production licence 026
drilled appraisal well 25/2-14. The well was drilled
in a separate fault segment just north of Frgy to a
depth of 3601 metres below sea level and terminated
in early Jurassic rock. No hydrocarbons were proven
in the well.

Block 30/6

Norsk Hydro as operator of production licence 170
drilled wildcat 30/6-24-S in a structure in the north-
western part of the block. The well was drilled to a
total depth of 3961 metres below sea level and ter-
minated in Triassic rock. Only traces of hydrocar-
bons were proven in the well.

Block 30/9

Norsk Hydro as operator of production licences 104
and 079 drilled appraisal wells 30/9-12 and 30/9-12-
A in the Alfa-Sgr structure southeast of the Oseberg
field. Well 30/9-12 was drilled to a total depth of
2969 metres below sea level and terminated in early
Jurassic rock. Oil was proven in middle Jurassic
sandstone but no production test was made of the
discovery. The lower portion of the well was plug-
ged back and subsequently drilled directionally as a
further delineation of the Alfa-Sgr structure.

Well 30/9-12-A was drilled to a total depth of
2902 metres below sea level and terminated in early
Jurassic rock. Oil was proven in late Jurassic sand-
stone. The well was not production tested and has
been temporarily plugged back for reuse at a later
date. The results of these appraisal drilling oper-
ations in this part of the Oseberg field must be con-
sidered disappointing.

Block 31/2

Norsk Hydro as operator of the Troll oil field de-
velopment is drilling appraisal well 31/2-17-S in
Troll Vest. The drilling operation had not yet been
terminated at the end of the year.

Block 31/5

Norsk Hydro as operator of the Troll oil field de-
velopment, is drilling appraisal well 31/5-4-AR in
Troll Vest. The well was first drilled to a total depth
of 1884 meters below sea level and terminated in
late Jurassic rock. It was subsequently sidetracked in
the northeasterly direction where the last part of the
well was drilled 800 metres horizontally to a total
depth of 2580 metres below sea level (vertical depth
1556 m). Production testing was performed in the
horizontal part of the well, giviig 345 scm oil,
20,350 scm gas, and 575 cubic metres of water a day

Block 34/7
Saga Petroleum as operator of production licence

089 drilled three appraisal wells in the block in 1991.
Well 34/7-17, drilled to test the reach of a discovery
made in 1990 by 34/7-16, attained a total depth of
2855 metres below sea level before terminating in
Triassic rock. No hydrocarbons were proven in the
hole and it was decided to sidetrack a new bore, 34/
7-17-A, higher up in the structure. '

The sidetrack, 34/7-17-A, was drilled to a total
depth of 2380 metres below sea level where hydro-
carbons were proven in middle Jurassic rock. A pro-
duction test was run, giving a production rate of 719
scm oil and 0.036 mcm gas a day through a 15.6 mm
choke.

The third appraisal well, 34/7-19, tested the
northern segment in the former C+ structure, now
part of the Vigdis field. The well was drilled to a to-
tal depth of 2785 metres below sea level and termi-
nated in early Jurassic rock. Hydrocarbons were
proven in middle Jurassic rock and two production
tests were run; one for water and one for oil. The
measured peak production rate in the oil test was
1150 scm oil a day through a 14.3 mm choke. The
gas-to-oil ratio was 40 scm/scm and the oil density
0.835 g/cc. These results are considered to be posi-
tive and will probably justify an increase in the re-
serves.estimates for the Vigdis field.

Block 34/8

Norsk Hydro as operator of production licence 120
drilled appraisal well 34/8-5 in the southern part of
the Visund discovery. The well was drilled to a total
depth of 3516.5 metres below sea level and termi-
nated in Triassic rock. The result was disappointing
as only traces of hydrocarbons were found. Norsk
Hydro also drilled the 34/8-6 wildcat in a separate
prospect northwest of Visund. The well was drilled
to a total depth of 3927 metres below sea level and
terminated in Jurassic rock. No hydrocarbons were
found in the well.

Block 35/9

Norsk Hydro as operator of production licence 153
«drilled the 35/9-2 wildcat. This well, drilled to a to-
tal depth of 2852 metres below sea level, terminated
in bedrock. Hydrocarbons were proven in Jurassic
sandstone, and four production tests were run. The
measured production rate in the oil zone was 458
scm oil a day with a gas-to-oil ratio of 423 scm/scm
through a 12.7 mm choke. The oil density was 0.819
g/cc, while the gas density was 0.631 relative to air.
The production rate in the gas zone was measured at
755 mem gas a day with a gas-to-condensate ratio of
4741 scm/scm through a 25.4 mm choke. Here the
gas density was 0.665 relative to air, and the conden-
sate density 0.732 g/cc.

Bleck 35/10
the 35/10-1 wildcat in a structure in the eastern part

of the block. The well was drilled to a total depth of
3963 metres below sea level and terminated in early
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Jurassic rock. Only traces of hydrocarbons were
found and no production tests were performed. The
results were disappointing in light of the expecta-
tions associated with this well.

Block 35/11

Mobil as operator of production licence 090 drilled
the 35/11-5 wildcat in a structure in the southwest-
ern part of the block. The well was drilled to a total
depth of 3743 metres below sea level and terminated
in early Jurassic rock. Hydrocarbon traces were
proven in Jurassic sandstone. No production test
was performed.

Block 6201/11

Statoil as operator of production licence 130 drilled
the 6201/11-2 wildcat in the southwestern part of the
block in an Upper Jurassic prospect. The drilling op-
eration was terminated in Triassic rock at a depth of
3755 metres below sea level. No hydrocarbons were
proven and the well was not production tested.

Block 6305/12

Norsk Hydro as operator of production licence 154,
blocks 6205/3 and 6305/12, drilled the 6305/12-1
wildcat in a middle Jurassic prospect in the southern
part of the block. The drilling operation was termi-
nated in bedrock at a depth of 4279 metres below
sea level. No hydrocarbons were proven and the
well was not tested.

Block 6406/11

Saga Petroleum as operator of production licence
156 drilled the 6406/11-1-S wildcat in a middle Ju-
rassic prospect in the southeastern part of the block.
The drilling operation was terminated in Triassic
rock at a depth of 4159 metres below sea level. Hy-
drocarbons were proven in early to middle Jurassic
rock, and three zones were tested. The tests showed
that the hydrocarbons could not be produced.

Block 6406/12

Statoil as operator of production licence 157 drilled
the 6406/12-1-S wildcat in an Upper Jurassic sand
wedge prospect in the southwestern part of the
block. The drilling operation was terminated in
Upper Jurassic rock at a depth of 3942 metres below
sea level. Only traces of hydrocarbons were proven
and the well was not tested.

Block 6407/7

Norsk Hydro as operator of production licence 107
drilled appraisal well 6407/7-5 in the Nord II seg-
ment, which was a possible northern extension of
the Njord discovery. The drilling operation was ter-
minated in early Jurassic rock at a depth of 3702 me-
tres below sea level. No hydrocarbons were proven

is in the process of drilling the 6507/2-2 wildcat in a
middle Jurassic prospect in the eastern part of the
block. The well is located 15 km west of well 6507/3~
1 where Statoil made a gas and condensate discov-
ery in 1990. The drilling operation had not yet been
terminated at the end of the year.

Block 6507/6

Saga Petroleum as operator of production licence
123 drilled the 6507/6-2 wildcat in a middle Jurassic
prospect in the northwestern corner of the block.
The drilling operation was terminated in Triassic
rock at a.depth of 4336 metres below sea level. Only
small volumes of hydrocarbons were proven in Cre-
taceous sand strata, but the well was not production
tested.

Block 6507/8

Statoil as operator of production licence 124 drilled
the 6507/8-5 wildcat in a middle Jurassic prospect in
the eastern part of the block. It was located about 10
km southeast of well 6507/8-4 where Statoil found
oil and gas in 1990. The drilling operation was termi-
nated in early Jurassic rock at a depth of 1977 me-
tres below sea level. No hydrocarbons were proven.

Block 6607/5

Esso as operator of production licence 126 drilled
the 6607/5-2 wildcat in the northwestern part of the
block. The prospect was assumed to be Jurassic
sandstone. The drilling operation was terminated in
middle Cretaceous rock at a depth of 4659 metres
below sea level. No hydrocarbons were proven, but
rich Cretaceous sand strata were discovered.

Block 6608/10

Statoil as operator of production licence 128 is in the
process of drilling the 6608/10-2 wildcat in a middle
Jurassic prospect in the southwestern corner of the
block. The distance to well 6507/3-1 where Statoil
proved gas and condensate in 1990 is 12 km. The
drilling operation is currently ongoing, and oil and
gas have been proven in Jurassic sandstone. Produc-
tion tests had not yet been terminated at the end of
the year.

Block 7120/2

Norsk Hydro as operator of production licence 109
drilled the 7120/2-2 wildeat in a structure in the
flank of Loppahggda. The well was drilled to test
sandstone in a Cretaceous fan. The drilling oper-
ation was terminated in middle Jurassic rock at a
depth of 2777 metres below sea level. Oil traces
were found in the fan, but no production test was
performed.

Block 7128/6

and the well was not tested.

Block 6507/2
Norsk Hydro as operator of production licence 122

Conoco as operator of production licence 181 drilled
the 7128/6-1 wildcat in a carbonate build-up in the
Finnmark @st area. The well was terminated in pre-
Devonian bedrock at a depth of 2520 metres beiow
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Fig. 2.2.2.4
Well locations on Svalbard
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sea level. Traces of oil were found in late Permian
carbonates, but nothing was produced to the surface
during the test.

Block 7122/4

********** Esso as operator of production licence 178 started
drilling of the 7122/4-1 wildcat in a structure in the
Hammerfest basin. The well had not been termi-
nated at the end of the year.

2.2.2.4 Svalbard

Norsk Hydro, in cooperation with Store Norske

Spitsbergen Kullkompani and Petro Arctic AB, dril-

led the 7816/12-1 wildcat known as Reindalspasset-

1. The purpose of the enterprise was to test the hy-

drocarbon potential in the Permian-Carboniferous
strata series. Drilling was terminated in Carbonifer-

ous rock at a depth of 2315 metres below the drill

floor. Only traces of gas were found. See Table
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Table 2.2.2.4
Drilling activity on Svalbard
Exploration Position Spudded Terminated Days Operator Total KB elev.
well/ north drilling Licensee depth over msl
location east metres metres
7714/2-1
Grgnnfjorden I 7757 34 09.06.63 05.09.63 287 Norsk Polar Navig 971.6 7.5
(Nordenskigld Land) 14 20 36 13.06.64 26.08.64 Norsk Polar Navig
26.06.65 08.09.65
26.06.67 12.08.67
7715/3-1
Ishggda I 7750 22 01.08.65 15.03.66 277 Texaco 3304 18
(Spitsbergen) 15 5800 Caltex-gruppen
7714/3/1
Bellsund I 77 47 23.08.67 02.09.67 299*) Norsk Polar Navig 405
(Fridtjofsbreen) 14 46 29.06.68 21.08.68 Norsk Polar Navig
07.07.69 16.08.69
10.07.74 18.09.74
16.07.75 20.09.75
22.08.80 05.09.80
01.07.81 10.08.81
7625/7-1
Hopen 1 76 26 57 11.08.71 29.09.71 50 Forasol 908 9.1
(Hopen) 250145 Fina-gruppen
7722/3-1
Raddedalen 77 54 10 02.04.72 12.07.72 100 Total 2823 84
(Edgedya) 22 41 50 Caltex-gruppen
7721/6-1
Plurdalen 7744 33 29.06.72 12.10.72 108 Fina 2351 144.6
(Edgegya) 21 50 00 Fina-gruppen
7811/2-1
Kvadehuken I 78 57 03 01.09.72 10.11.72 112 Terratest a/s 479
(Brgggerhalvgya) 112323 21.04.73 19.06.73 Norsk Polar Navig
7625/5-1
Hopen Il 76 41 15 20.06.73 20.10.73 123 Westburne Int Ltd 2840.3 314.7
(Hopen) 2528 00 Fina-gruppen
7811722
‘Kvadehuken II 78 55 32 18.08.73 19.11.73 186 Terratest a/s 394
(Brgggerhalvgya) 113311 22.03.74 16.06.74 Norsk Polar Navig
7811/5-1
Sarstangen 78 43 36 15.08.74 01.12.74 109 Terratest a/s 1113.5 5
(Forlandsrevet) 1128 40 Norsk Polar Navig
7815/10-1
Colesbukta 78 07 13.11.74 01.12.75 373 Trust Arktikugol 3180 12
(Nordenskigld Land) 1502
7617/1-1
Tromsgbreen 1 76 52 30 11.09.76 22.09.76 109 Terratest als 990 6.7
(Haketangen) 17 05 30 13.06.77 19.09.77 Norsk Polar Navig
7617/1-2
Tromsgbreen I 76 52 31 20.07.87 30.10.87 Deutag 2337 6.7
(Haketangen) 17 05 38 13.06.88 24.08.88 175 Tundra A/S
7715/1-1
Vassdalen II 7749 57 22.01.85 1) Trust Arktikugol 2481 15.13
(Van Mijenfjorden) 151115
7715/1-2
Vassdalen I 7749 57 30.03.88 01.11.89 Trust Arktikugol 2352 15.13
(Van Mijenfjorden) 151115
7816/12-1
Reindalspasset-1 7803 28 17.01.91 18.04.91 Norsk Hydro 2315 182.5
(Spitsbergen) 16 56 31

1) Drilling abandoned due to technical problems.

*) Drilling not concluded.
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2.2.2.4 for drilling activities on Svalbard, and Figure
2.2.2.4 for drilling locations on the island.

2.3 FIELDS AND DISCOVERIES UNDER CON.-
SIDERATION

2.3.1 Ekofisk area

This is the area on the Norwegian continental shelf
which has been in production for the longest period
of time, see Figure 2.5.4.a. The fields in production
are primarily Cretaceous, while the exploration ac-
tivity is focused on making discoveries in sandstone.
A number of small discoveries have been made in
the area and the plan is to produce them as satellites
to existing installations.

Mjginer

Mjglner lies in block 2/12 in production licence 113,
allocated in 1985, with Norsk Hydro as operator.
The field straddles the borderline between the Nor-
wegian and Danish continental shelves. Recoverable
resources lie in a segment 100 per cent within the
Norwegian sector, estimated by Norsk Hydro to be
1.7 mem oil. A possible development concept is a
wellhead installation with minimum manning and
one production well and pipeline for further pro-
cessing and transport.

Trym

The Trym field was proven by the drilling of the 3/
7-4 wildcat and lies in production licence 147, where
Shell is operator. According to Shell’s estimates, re-
coverable resources are 10-14 bem dry gas and 2.0-
2.6 mcm condensate. ‘Of this, 60 per cent is in the
Norwegian sector. It has not yet been decided what
development concept to opt for. Since Total sold its
equity in the licence to Shell, only Shell and Statoil
remain as licensees.

Sgrest Tor

This field is located in block 2/5 in production licen-
ce 006, allocated in 1965, with Amoco as operator.
The Directorate estimates the recoverable oil re-
sources to be 2.5 mem and the gas resources to be 2
bem. The development concept has not been cho-
sen.

Mime

Mime is a-small oil field seven kilometres north of
Cod. Hydro as operator of production licence 070 is
currently conducting long-term test production from
the field. Production takes place via a seabed com-
pletion well with transfer to the Cod installation.
The well stream from Mime uses the Cod test sepa-
rator for measurement. The oil and gas are mixed
with oil and gas from the Cod production and trans-
ferred to the Ekofisk field for final processing.

reached in March 1992. Hydro applied for an exten-
sion of the permit until the end of April 1992, which
was granted on condition that the plan for develop-
ment and operation is submitted to the authorities
by the end of February 1992.

Drilling of the test well and the production history
have led to a reduction in the Mime reserves, which
in turn has brought about a reduction in further in-
vestments. The operator is currently looking into
the option of lowering the operating pressure to the
Cod test separator so as to increase production from
Mime. Later, when the well rate becomes so low as
to be uneconomical, it can be sidetracked down into
a neighbouring segment.

9/2 Gamma

9/2 Gamma is located in block 9/2 on production li-
cence 114, which was allocated in 1985 with Statoil
as operator. The discovery lies in the Egersund ba-
sin and was proven by well 9/2-1. There is no exist-
ing infrastructure in the area. The operator’s esti-
mate of recoverable resources is 6.4 mcm oil.

The test period started on 25 Ociober 1990 and a
permit was granted for the production of maximum
0.21 mcm oil, or for one and a half years. Produc-
tion so far indicates that the limiting volume will be

Fig. 2.3.2
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2.3.2 Sleipner and Balder area

In addition to Sleipner @st, Loke, Sleipner Vest and
15/12 Beta discussed below, the Sleipner area con-
sists of a number of other discoveries and prospects,
see Figure 2.3.2.

Sleipner Vest

Sleipner Vest lies in block 15/6, allocated in 1969,
and blocks 15/9 and 15/8, allocated in 1976. Unitis-
ation negotiations are currently being conducted be-
tween the respective production licences 029 and
046. Esso is operator of production licence 029 and
Statoil of 046. The Directorate estimates the field’s
reserves to be 135 bem gas (including carbon diox-
ide), 27 mcm oil .and 9 million tonnes NGL. The
Sleipner Vest gas contains up to 9 per cent carbon
dioxide. The plan for development and operation
was submitted in December 1991.

The development concept consists of a wellhead
installation, Sleipner B, located in the southern part
of the Sleipner Vest field, with transfer of the well
flow to the Sleipner T installation located next to
Sleipner A for removal of carbon dioxide and pro-
cessing. Further development of the northern
reaches of Sleipner Vest will, according to plan, be
performed using two subsea templates or wellhead
installations with transfer of the well flow to Sleip-
ner B.

Sleipner Vest should be ready for production in
1996 and the gas is planned to be injected into Sleip-
ner Pst in order to increase the production of oil
and NGL from the latter. The partners expect to be
awarded the gas sale in connection with the 1991
contracts when the buyers exercise their 30 per cent
options under the Troll gas sales agreement. This
sale is expected to commence in the year 2001.

15/12 Beta

The discovery is located in block 15/12 allocated in
production licence 038 in 1974 with Statoil as oper-
ator and Esso as partner. The operator estimates the
recoverable resources to be between 15 and 20 mem
oil. The licensees are evaluating various develop-
ment concepts at the same time as the geological
data are being processed further. The preliminary
plans are to start production in 1995-96.

Other discoveries and prospects
Two discoveries have been made in block 15/3; a
gas-condensate discovery 15/3-1,3 in 1974, and a
gas-oil discovery 15/3—4 in 1984. The Directorate’s
estimates for recoverable resources in 15/3-1,3 are
about 10 bem gas and 5 mem oil. Both discoveries
are still in the early phase and there are no proposed
development concepts.

In a structure in block 15/5, on the boundary to
the British sector, a discovery has been made on the

fore suspended all field development work except
for further geological studies.

Among the prospects in the Sleipner area, Theta
Vest Heimdal, located about four kilometres west of
Loke, is probably the most critical timewise, if re-
sources are not to be lost when Sleipner @st comes
on stream. The plan is for the template installed to
produce Loke to be used also to drain any discovery
in Theta Vest Heimdal. If it exists, it will probably,
like Loke, have pressure communication with the
Heimdal reservoir in Sleipner @st. Any develop-
ment of Sleipner @st would be contingent on careful
evaluation of such communicating discoveries and
prospects to avoid losing petroleum.

Balder

Balder was proven in 1974 by exploration well 25/
11-5 in Palaeocene sandstone. The discovery is situ-
ated in blocks 25/10 and 25/11 in production licences
001 and 028 where Esso is the operator. Esso owns
100 per cent of production licence 001.

The Directorate estimates the recoverable re-
serves at 35 mem oil. The Balder discovery contains
relatively viscous oil. Hydrocarbons have been
proven in Lower Eocene and Palaeocene sandstone.
The reservoir sandstone has relatively poor consoli-
dation but the reservoir parameters are otherwise
good. Oil has been proven in four different sand
units.

Well 25/11-14-S was drilled at the end of 1990 and
underwent long-term testing from May to the end of
September 1991. The well provided useful geolog-
ical information. Test production from Petrojarl I
amounted to 128,500 scm oil. Test production re-
sults will determine further progress for Balder but
as yet there is no conclusion.

2.3.3 Frigg area

This is an area where gas fields have been in produc-
tion since 1977, see Figure 2.5.8.a. Recently, several
small discoveries have been made in the area and
the plan is to tie them into the existing infrastruc-
ture. For some of the new discoveries the reservoir
pressure is relatively high. Oil has also been found
in the area.

Frey

Froy is situated in block 25/2 in production licence
026, and in block 25/5 in production licence 102. EIf
is the operator of both licences. In summer 1991 To-
tal Norge took over Shell’s interest in production li-
cence 102.

The operator’s reserves estimates have been re-
duced from 16.5 to 15 mem oil, from 3.5 t0 2.95 bem
gas, and increased from 0.77 to 0.89 million tonnes
NGL. In autumn 1991 the Directorate made reserve
estimates for Frgy which are somewhat lower than

UK side. The discovery was first assumed to extend
into the Norwegian continental shelf, but explora-
tion drilling in 1991 in the Norwegian sector gave a
negative result. Norsk Hydro as operator has there-

those of the operator.

Appraisal well 25/2-14 was drilled early in 1991 in
a separate structure in the northern part of the field.
This well did not prove any hydrocarbons.
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In the course of 1991 the geological model for the
field was reevaluated. The plan for development
and operation was submitted in December 1991
where the planned development concept is a
wellhead installation with first stage separation and
transfer of oil and gas to Frigg. Development plans
are for five production wells and four water injec-
tion wells. Production start is planned for early
1995.

Skirne

This field is situated in block 25/5 in production li-
cence 102 allocated in 1985 with EIf as operator.
The field was proven by well 25/5-3 in the Brent
group, middle Jurassic sandstone in 1990. The oper-
ator’s reserves estimates are 5.0 bem gas and 0.7
mcm condensate. The Directorate’s estimates are
about half of the operator’s.

Three-dimensional seismics will be shot in the
structure in 1992. The plan for development and op-
eration is expected in the second quarter of 1992,
which may give production start late in 1995 if the
gas is sold.

A probable development concept is a subsea in-
stallation with transfer of the well flow to Frgy and
thence to Frigg. From 1997 onward the plan is to
combine the well flows from Skirne and Byggve be-
fore multiphase transportation to Frigg. The de-
velopment is closely associated with Byggve.

Byggve
This field is situated in block 25/5 in production li-

cence 102 allocated in 1985 and operated by EIf.
The field was proven by well 25/5-4 in the Brent
group in 1991.

The operator’s estimates of recoverable reserves
are 3.4 bem gas and 0.7 mem condensate, while the
Directorate’s estimates are somewhat lower.

Three-dimensional seismics will be shot over the
structure in 1992 and better mapping of the field is
anticipated. The need to drill a well in the southern
part of the structure will be evaluated based on the
3D seismics. The drilling results will form the basis
for a plan for development and operation in 1994.
Byggve will feature in the Skirne development plan
as these fields have to be seen in conjunction.

Production is planned to start in late 1997, pro-
vided the gas is sold. The assumed development
concept is a subsea installation with transfer of the
well flow to Fr@y, where it joins with the Skirne well
flow for transportation to Frigg.

Peik

Peik was proven by well 24/6-1 in 1985. The field is
situated in production licence 088 allocated in 1984
with Total Norge as operator. In 1987 the 9/15-1
wildcat in the UK sector proved hydrocarbons.

) g PR

structure in 1992 to improve reservoir mapping.
New maps are expected to be available in the early
summer of 1993.

In 1991, the operator evaluated various develop-
ment concepts and prepared a plan for development
and operation. This plan is expected to be submitted
after the results from the 3D seismics become avail-
able, but any development is contingent on gas sale.
The probable development concept would be a
wellhead installation with minimum manning tied up
to Frigg.

Hild

Hild is situated in production licences 040 and 043
operated by Norsk Hydro and Total Norge, respec-
tively, see Figure 2.4.6.a. On 1 January 1991 Total
took over BP’s interest and operatorship in produc-
tion licence 043. Production licence 040 in blocks 29/
9 and 30/7 was allocated in 1975. Production licence
043 was allocated in 1976 covering blocks 29/6 and
30/4. If the field is developed unitisation talks must
be conducted between the production licences.

The two operators have different interpretations
of the teservoir as well as different estimates of re-
coverable resources.

In 1991, three-dimensional seismics were shot in
the area, the interpretation of which is expected to
be ready towards the end of 1992. Among other
things the results will be used to determine the loca-
tion of a test well.

Further reservoir and conceptual studies have
been postponed until the results from the 3D seis-
mics become available. The plan for development
and operation can be submitted in 1994 at the earlie-
st, meaning production start-up in 1996-97. The
most probable development concept is a subsea in-
stallation with transfer of the well flow to Frigg.

25/2-5

This discovery is located in block 25/2 in production
licence 026 and was allocated in 1969 with Elf as op-
erator. The discovery was proven in 1976. At pres-
ent there are no concrete plans to develop the field,
but a drilling operation scheduled in 1992 may
change this. If developed, the field will probably be
tied up to Fray.

25/4-6-S

This discovery is situated in block 25/4 in production
licence 036 and was allocated in 1981 with Eif as op-
erator. It was proven in the summer of 1991. There
is still some doubt whether the reservoir consists of
light oil or gas with a lot of condensate. No re-
sources estimates are available. Further work is re-
quired to determine if the discovery is commercial.
Any field development will probably involve tie-in
to Frigg or Heimdal.

s estimate of recoverable resources
is 9.6 bcm gas, of which about 66 per cent is in the
Norwegian sector.

Three-dimensional seismics will be shot over the

2.3.4 Oseberg and Troll area
Oseberg area
Several fields and discoveries are being considered
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in this area in addition to those already in produc-
tion (Oseberg, Veslefrikk and 30/6 Gamma Nord)
and those already resolved for development (Bra-
ge), see Figure 2.4.6.a. Fields planned to be de-
veloped are Oseberg @st and Huldra. Other disco-
veries in the area include 30/6 Kappa, 30/9 Omega,
and several discoveries in production licence 104 in
block 30/9.

Oseberg Gst
Oseberg @st comprises two structures divided by a
sealing fault. Both structures are situated in produc-
tion licence 053 operated by Norsk Hydro. Oil has
been proven in several formations in the Brent
group. The reservoirs are complicated, with several
different oil-water contacts and relatively low per-
meability. The reserves are estimated at 19 mcm oil.
Hydro is planning a development using an instal-
lation equipped for partial processing and transfer of
gas and oil to the Oseberg field centre for further
processing. The plan for development and operation
was scheduled for autumn 1991 but has now been
postponed for about one year. The reason is that
Oseberg is probably retaining its plateau rate much
longer than assumed and first oil from Oseberg Dst
should therefore be postponed until about 1997.

30/9 Omega

30/9 Omega is situated to the southwest of the Ose-
berg field centre in production licences 079 and 104.
The structure is divided into Omega Nord and Ome-
ga Sgr. In Omega Nord, gas and oil have been
proven in the Ness and Tarbert formations, and oil
has been proven in Tarbert in Omega S¢r. It is un-
certain whether there is communication between the
northern and southern parts of Omega.

Omega Nord can be reached through wells from
the Oseberg field centre and can be produced from
there. The development concept for the southern
part is uncertain and will depend on the size of other
discoveries in the area, such as 30/9-6, 30/9-9 and
30/9-13.

Huldra

Huldra is a gas field located northwest of Vesle-
frikk. The bulk of the field lies in block 30/2 in pro-
duction licence 051, although the field also extends
into production licence 052 in block 30/3. Statoil op-
erates both production licences.

The field was declared commercial in summer
1991 and unitisation talks are currently ongoing be-
tween the two production licences.

Gas has been proven in the Brent group, and Stat-
oil estimates reserves to be 17 bcm gas and 4.5 mem
condensate. The operator is contemplating several
alternative development concepts. A new appraisal
well will be drilled in the field in the course of 1992.

30/6 Kappa

Block 30/6 lies west of the Oseberg field centre, with
most of the structure located in production licence
053 and the southern part extending into production
licence 079 in block 30/9. Oil and gas have been
proven in the Statfjord formation. Development
plans for the discovery have not been determined,
but it is included in the resources base considered in
Hydro’s plans for the Oseberg area.

2.3.5 Gullfaks, Statfjord and Snorre area

This is a high activity area where several fields are in
operation, in the process of being developed and
under consideration, see Figure 2.5.11.a. The area is
very prospective and a-number of interesting disco-
veries have been made.

Gulifaks Sgr, 34/10 Beta and 34/10 Gamma
Block 34/10 was allocated in 1978 with Statoil as op-
erator, see history of Gullfaks in section 2.5.11.

Gullfaks Sor lies in the middle of the block, about
nine kilometres south of the Gullfaks field. The
Beta field lies to the west of Gullfaks S¢r and ex-
tends into 33/12. Gamma lies in the southeastern
corner of the block.

Gullfaks Sgr is structurally complex: several un-
connected gas-oil, gas-water and oil-water contacts
have been detected. Hydrocarbons have been
proven in Jurassic and Triassic sandstone.

So far, nine wells have been drilled to reservoir
level on Gullfaks Sgr in addition to one on Beta and
one on Gamma.

Together with new 3D seismics the test results
form the basis for remapping and new resources es-
timates, such estimates being highly speculative as
far as Gulifaks Sgr is concerned.

The licensees had scheduled to submit the plan
for development and operation of the Gullfaks Sor
oil phase in 1991. However, this has now been post-
poned, the current plan being to prepare a commer-
ciality declaration for both the oil and gas phases.
Earlier gas production will improve field economy.
Further work in the production licence will include
an evaluation of coordination with other fields and
discoveries in the area, among them 34/10 Gamma.
According to plan an appraisal well will be drilled
on 34/10 Gamma in 1992.

Vigdis
The Vigdis field is situated in block 34/7 and comes
under production licence 089. Vigdis comprises sev-
eral discoveries and structures where Saga Petro-
leum is the field operator. One appraisal well was
drilled in the field in 1991. Well 34/7-19 tested a
northern segment in the C+ structure.

The well was drilled to a total depth of 2782 me-
tres below sea level and terminated in early Jurassic

The plan for development and operation is sched-
uled to be submitted in or about the new year 1993.
Production start-up will be autumn 1996 at the ear-
liest.

rock, Hydrocarbons were found in middle Jurassic
reservoirs, and two production tests were run.

The water depth in the area is 230 to 300 metres.
Preliminary plans involve development of Vigdis
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using subsea completion wells tied either to a pro-
duction ship or existing process facilities in the area.
The plan for development and operation is expected
to be submitted in December 1992, which means
production start-up in 1996.

Visund

The Visund discovery lies in block 34/8 which comes
under production licence 120 operated by Norsk
Hydro. The first discovery was made in the Brent
group with well 34/8-1 in 1986. Well 34/8-3 followed
in 1988 and proved hydrocarbons in a Brent seg-
ment further north. In 1991, three wells were drilled
in the production licence, two of which were in.con-
nection with existing discoveries. Well 34/84-S
struck hydrocarbons in the Lunde formation, while
well 34/8-5 delineated the Brent reservoir in the
south.

Visund has proven resources in the Brent group
and in the Lunde formation. An exploration well
will be drilled in the stratigraphically intermediate
Statfjord formation early in 1992. The Brent group
contains relatively thin oil zones which extend over
a large area under extensive gas caps. The plan is to
produce this oil by means of horizontal wells.

Three-dimensional seismics have been shot over
the entire area. Once the maps become available a
comprehensive delineation plan will be prepared.
This is especially the case for the northern Brent
segment where the bulk of the resources are lo-
cated.

The water depth in the area is 310-380 metres.
The preliminary plans involve field development
using a floating installation. The gas will probably
be processed on the installation and transferred to
an existing transportation system. The oil can either
be exported via offshore loading buoys or trans-
ferred to an existing process centre in the vicinity.
Production start-up is expected in autumn 1997.

2.3.6 Fields and discoveries off Mid-Norway

Haltenbanken

A total of 75 wildcat and appraisal wells have been
drilled on Haltenbanken and the area can therefore
be characterised as a petroleum province which is
relatively well explored. All told, ten fields and dis-
coveries have been proven, embracing total recover-
able resources in the order of 310 mcm oil and 280
bem gas, see Figure 2.3.6. At present, two of the
fields have been resolved to be developed. There
are good chances of making further discoveries in
the area.

Trestakk
Trestakk is an oil discovery in block 6406/3. Statoil
operates the production licence, which was allocated

Fig. 2.3.6
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can be drained by means of three horizontal produc-
tion wells. No decision has yet been made concern-
ing development concept.

Tyrihans

Tyrihans lies in blocks 6406/3 and 6407/1 and con-
sists of two structures; Tyrihans Sgr and Tyrihans
Nord, which probably have pressure communication
through a common water zone. Statoil is the oper-
ator. The southern structure is classed as a gas-con-
densate structure, while Tyrihans Nord contains an
oil zone with an overlying gas cap. The magnitude of
the oil zone in the north is uncertain since no oil-wa-
ter contact has been found. The Directorate’s esti-
mates for recoverable resources are 16 mcm oil-con-
densate and 40 bcm gas. No decision has yet been
made concerning the development concept.

in 1984. The operator estimates recoverable re-
sources to be 9 mem oil. According to plan, pro-
duced gas will be reinjected into the reservoir to en-
hance oil recovery. It is assumed that the reservoir

Njord

Njord is an oil discovery in blocks 6407/7 and 6407/
10 where Norsk Hydro operates production licences
107 and 132 allocated in 1985 and 1987. A total of
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seven exploration wells have been drilled in the two
blocks, four of which proved oil. The structure fea-
tures a complex fault pattern which will probably
have a major impact on oil recovery. The Directora-
te’s estimates of recoverable resources are 35 mcm
oil and 7.2 bcm commercial gas.

Midgard

The Midgard field is situated in blocks 6507/11 and
6407/2 under production licences 062 and 074, with
Saga the operator. A total of seven exploration
wells have been drilled in the area, four of them into
the structure. The field, discovered in 1981 by the
drilling of well 6507/11-1, is divided into four struc-
tural segments: Alfa, Beta, Gamma, and Delta. The
field was declared commercial by the operator in
autumn 1991.

Reservoir properties are good, and the Directora-
te’s Teserves estimates are 87 bem gas, 1.3 mem oil,
and 13 million tonnes NGL. These figures are ap-
proximately 20 per cent lower than the operator’s
estimates.

Field development is planned using a fixed, grav-
ity base platform with integrated deck. Twelve pro-
duction wells are planned for gas, and two horizon-
tal producers for draining of the underlying oil zone.
The plateau production rate will correspond to dry
gas sales of 8 bcm. The operator assumes that the
gas will be processed on the field and transported to
the market via a direct dry gas pipeline.

Smerbukk

The bulk of this discovery lies in block 6506/12 cov-
ered by production licence 094 allocated in 1984.
The southern part lies in block 6506/11 in produc-
tion licence 134. Statoil operates both production li-
cences. The discovery contains gas, condensate and
oil with a relatively high gas-to-oil ratio. It is located
about 200 km from relevant onshore tie-in points, in
250 metres of water. A total of eight wells have been
drilled in block 6506/12. One wildcat has also been
drilled in the southern part of the Smgrbukk struc-
ture, in block 6506/11. The Directorate’s resources
estimates are 20 mcm recoverable oil-condensate
and 65 bcm recoverable gas. Some 7 mem recover-
able oil has been discovered in the northeastern part
of the field, and the operator is contemplating de-
veloping this part as a satellite to Smgrbukk Ser.
Gas production from Smgrbukk must be seen in
conjunction with a general gas transport solution for
Haltenbanken. The discovery has not as yet been
defined as mature for development.

Smerbukk Ser

This field, situated in the southern part of block
6506/12, was proven in 1985 by the wildcat 6506/12—
3, and later confirmed by two appraisal wells. The

The licensees have opted for field development
and the operator is expecting to submit the plan for
development and operation in June 1992. The oper-
ator anticipates first oil will be feasible in January
1996. According to the development plan the oil in
the field will be produced first while associated gas is
reinjected into the field for later production. In this
way one also improves the recovery factor.

Field development is planned using subsea com-
pletion wells and a production ship. Eight oil pro-
duction wells and three gas injection wells are
planned. Oil production will last for 15 years, with a
peak rate of 11,000 scm a day. The oil is assumed to
be transported from the field by tanker. Smgrbukk
Ser is conveniently situated as a possible field centre
for other neighbouring discoveries. Gas sales from
the field would be feasible from about the year 2010.

6507/8—4
This discovery is covered by production licence 124
where Statoil is the operator and is situated about
four kilometres northeast of the Heidrun field. In
August 1990, the discovery well, 6507/8—4, proved
oil with an overlying gas cap in the Are formation.
The operator’s estimates of recoverable resources
are 20 mem oil and 2 bem gas.

No decision has yet been made concerning de-
velopment concept.

2.3.7 Barents Sea

About 250 bem recoverable gas has been proven in
the Troms area, see Figure 2.3.7. In addition, there
is a thin oil zone on Snghvit. The Directorate is cur-
rently reevaluating the resources base in the Snghvit
discovery.

Snghvit

For several years now the licensees have studied
possible development concepts for the Snghvit gas.
Pipeline transportation of the gas has been found
uneconomic due to the long distance to potential gas
markets. Thus, any field development must include
a facility whereby the gas can be cooled to LNG.
This will require additional investments compared
to a traditional development of a gas field. In the
last few years the development studies have there-
fore concentrated on finding simple and inexpensive
solutions that are commercially sound. The follow-
ing concepts are considered the most interesting:

— Semi-submersible platform with production from
wells arrayed in templates on the seabed, involv-
ing processing of the gas on the platform before
transportation to an LNG terminal onshore;

— Subsea production system, with well flow to be

tield lies about 10 km from Smgrbukk 1n 30U meftres
of water. The Directorate’s reserves estimates for
Smgrbukk Sgr are 31 mcm oil and condensate and
24 bem gas. Statoil is the operator.

carried directly to an LNG terminal onshore.
When the reservoir pressure depletes the subsea
unit must be connected to a booster installation to
pump the gas to shore.
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Two alternative production rates are being consid- Norsk Hydro Produksjon a.s 6.7000 %
ered: 4.5 bem a year and 9.0 bem a year. These cor- Total Norge A/S 3.5470 %
respond to gas sales volumes of 3.85 and 7.70 bcm a Den norske stats oljeselskap a.s 1.0000 %
year after separating out condensate. In the event Eurofrep Norge A/S 0.4560 %
the higher rate is chosen; development will include Coparex Norge A/S 0.3990 %
the Askeladden and Albatross fields. Norminol A/S 0.3040 %
The Directorate considers a satisfactory sales con-

tract for gas to be decisive for any development of Field history

Snghvit and the other gas fields on Troms 1. The
most interesting markets seem to be Italy, the USA,
and Canada. Sales negotiations are currently being
conducted, which, together with further technologi-
cal evaluations, will determine whether the Troms
fields can be developed.

In addition to gas the Snghvit field also contains
thin oil zones. The thickness of these zones and av-
erage to poor reservoir characteristics make the oil
difficult to recover. The Directorate nevertheless
feels one should consider the feasibility of combined
production of oil and gas from some of the gas wells.

2.4 FIELDS APPROVED DEVELOPED

2.4.1 Embla
Embla lies in block 2/7 and was allocated under pro-
duction licence 018 in 1965, see Figure 2.5.4.a.

The first well was drilled in 1974 and proved hydro-
carbons in what was initially held to be Jurassic rock
but which later turned out to be older. High reser-
voir pressure led to postponement of any further ex-
ploration. The discovery was not confirmed until
1988 by a new exploration well. Once it was ascer-
tained that the reservoir was pre-Jurassic, this fact
led to a new exploration model in the southern part
of the North Sea. The plan for development and op-
eration of Embla was submitted in 1990 and adopted
in December of the same year. In addition to the
discovery wells, a total of four combined appraisal
and production wells have been drilled, one of
which was dry.

Reservoir

Great drilling depths and high reservoir pressures
have led to some technical difficulties during the
pre-drilling programme. At the same time, complex
geology has brought surprises during development

Licensees
Phillips Petroleum Company Norway

(operator) 36.9600 %
Norske Fina A/S 30.0000 %
Norsk Agip A/S 13.0400 %
Elf Aquitaine Norge A/S 7.5940 %

of the field. For this reason the operator has elected
to reduce the reserves base. There is still a great
deal of uncertainty linked to field geology and reser-
voir characteristics.
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Development concept

The original plan was to develop Embla in several
stages, phase 1 including a wellhead installation with
slots for up to 18 wells. Due to the great surprises in
geology and reservoir conditions, further plans for
development will be evaluated in autumn 1992.

Transportation

After processing on Eldfisk FTP, both the oil and
gas will be carried to Ekofisk. From here they will
be routed to Teesside and Emden, respectively.

Costs

Estimated investment costs for phase 1 run to some
2.1 billion 1991 kroner, with annual operating costs
amounting to about 23 million 1991 kroner.

2.4.2 Sleipner Ost
Production licence 046
Licensees

Den norske stats oljeselskap a.s 49.6000 %
Esso Norge a.s 30.4000 %
Norsk Hydro Produksjon a.s 10.0000 %
Elf Aquitaine Norge A/S 9.0000 %
Total Norge A/S 1.6000 %

The production licence was allocated in 1976 and
embraces blocks 15/8 and 15/9, see Figure 2.3.2.
Statoil is the operator for the Sleipner @st field.

The Directorate’s estimated reserves in place in
Sleipner @st are 51 bcm gas, 20 mcm oil and 10
mtoe NGL. If it is decided to inject gas from Sleip-
ner Vest or other fields into Sleipner @st, one will
achieve considerably higher oil and NGL recovery
from Sleipner Pst.

Development
The decision to go ahead with Sleipner @st develop-
ment involves a fully integrated process, drilling and
accommodation platform with quadripod concrete
gravity base.

Condensate will be landed to Karstg after laying a
new 508 mm pipeline from Sleipner A to Kérstg.
The gas will be transported partially by pipeline to
Zeebriigge in Belgium and partially through the
Statpipe-Norpipe system to Emden in Germany.
Sleipner @st is planned to be ready for production
start-up on 1 October 1993.

After the concrete gravity base for the Sleipner A
installation sank in the Gandsfjord the licensees
have extensively revised the plans for development
of Sleipner (st with a view to meeting the field’s gas
sales obligations under the Troll gas sales agree-
ments. The two most important changes in the de-
velopment concept seem to be a new riser installa-
tion and a new subsea production system in order to
drain the northern part of the Sleipner @st field.

from the Sleipner A installation to Kérstg. Total op-
erating costs are estimated at 8.2 billion 1991
kroner, exclusive transportation costs.

Estimated investment costs will be higher due to
the loss of the concrete gravity base structure.

2.4.3 Loke

The production licence, licensees and allocation
year are the same as for Sleipner @st. Development
of Loke was approved in 1991. Two reservoir strata
have been proven, Heimdal and Triassic, corres-
ponding to the reservoir strata in Sleipner @st. The
Heimdal reservoir in Loke has pressure communica-
tion with the Heimdal reservoir in Sleipner @st.
Production of Sleipner Pst will therefore influence
the pressure in the Heimdal reservoir Loke. De-
velopment of Loke will therefore stop large volumes
of hydrocarbons from being trapped in the water
zone between Loke and Sleipner @st. The Directo-
rate’s and operator’s reserves estimates for the
Heimdal reservoir coincide, being 2.9 bem gas and
2.1 mcm oil. For the Triassic reservoir, which has
not yet been resolved to be developed, the reserves
estimates are 5.1 bem gas and 2.0 mem oil.

Development concept

Loke will be produced by means of a subsea produc-
tion system with transfer of the well flow to the
Sleipner A installation. The original plan was to
drain Loke with just one well, but after the loss of
the Sleipner A base, the partners are considering
draining Loke using two wells. The gas is planned to
be sold under the Troll gas sales agreement in the
same way as the gas from Sleipner @st. According
to plan Loke will be ready for production at the
same time as Sleipner Pst.

Costs

Estimated investment costs are some 0.7 billion 1991
kroner. Total operating costs are estimated at 31
million 1991 kroner over the lifetime of the field.

2.4.4 Lille-Frigg
Lille-Frigg is situated in block 25/2 covered by pro-
duction licence 026, see Figure 2.5.8.a.

Licensees

Elf Aquitaine Norge A/S (operator) 41.4200 %
Norsk Hydro Produksjon a.s 32.8700 %
Total Norge A/S 20.7100 %
Den norske stats oljeselskap a.s 5.0000 %

Field history

The production licence was allocated in 1969 with
Elf as operator. The 25/2-4 wildcat proved hydro-
carbons in 1975. The work of producing a commer-
ciality declaration started after drilling of well 25/2—

Costs
The estimated total development costs are some 18
billion 1991 kroner, inclusive a condensate pipeline

127in 1988, The plan for development and operation
was submitted in February 1991 but was not ap-
proved. An updated plan was approved in Septem-
ber 1991. ‘
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Reservoir

Lille-Frigg is a combined gas-condensate field. The
reservoir lies in the Brent group in a fault block
which is an extension of the Heimdal ridge. The op-
erator’s estimates for recoverable reserves are 7 bcm
gas and 2.7 million tonnes NGL.

Development concept

Lille-Frigg will be developed using a subsea installa-
tion remotely controlled from Frigg. Development
is based on three production wells with pressure re-
lief as the production mechanism. It will be possible
to tie in two extra wells. The untreated wellflow will
be transferred under high pressure directly to Frigg
for treatment. Gas and NGL will be forwarded to St
Fergus in the existing pipeline. According to plan,
stabilised condensate will be transported by pipeline
to Oseberg. Production start is scheduled for 1 Oc-
tober 1993.

Costs

Estimated investment costs are 1875 million 1991
kroner and total operating costs 1762 million 1991
kroner.

2.4.5 Brage

The bulk of the Brage field is situated in block 31/4
and was allocated in 1979 as production licence 055,
see Figure 2.4.6.a. The field also extends into block
30/6, production licence 053, and into the northern
part of block 31/7. In 1991, this section of block 31/7

Fig. 2.4.6.a :
The Oseberg and Troli area

was allocated to the licensees of production licence
055 as production licence 185. Unitisation negotia-
tions were conducted between production licences
055 and 053 in 1991 but no agreement was reached.

Licensees in production licences 055 and 185

Den norske stats oljeselskap a.s 56.0000 %
Esso Norge a.s 17.6000 %
Norsk Hydro Produksjon a.s 13.2000 %
Neste Petroleum a.s 13.2000 %

Norsk Hydro is the operator for the field and the
plan for development and operation was adopted by
the Storting in spring 1990. Oil has been proven,
providing the basis for development of two forma-
tions on Brage: Statfjord and Fensfjord..In the Sog-
nefjord formation minor quantities -of oil and gas
have been proven, and this reservoir is so far not in-
cluded in the development plan. The authorities or-
dered the operator to drill an appraisal - well in the
northeastern part of the field in connection with the
approval of the plan for development and operation.
This well must be drilled maximum thre¢ years after
production start and will provide more information
on the resources in the Sognefjord and parts of the
Fensfjord reservoir outside the drainage area of the
installation.

The Directorate has put the recoverable reserves
at 46.2 mcm oil and 1.7 bem gas, while the oper-
ator’s estimates are 38.5 mcm oil and 1.6 bem gas.
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Development concept

The field will be developed with an integrated pro-
duction, drilling and quarters installation on a steel
jacket. Production start-up is scheduled for January
1994, and the plateau production of 13,000 scm oil a
day is expected to be reached in the course of the
first year. Six production wells are to be pre-drilled
and pre-drilling started in December 1991. The oil
will be transported by pipeline to Oseberg and from
there through the Oseberg line to Sture. A gas pipe-
line is to be tied into the Statpipe line.

Costs

Estimated total development costs are 10.6 billion
1991 kroner, and total operating costs 520 million
1991 kroner a year.

2.4.6 Troll
Production licences 054 and 085
Licensees after unitisation

Den norske stats oljeselskap a.s 74.5800 %
A/S Norske Shell 8.2880 %
Norsk Hydro Produksjon a/s 7.6880 %
Saga Petroleum a/s 4.0800 %
Elf Aquitaine Norge A/S 2.3530 %
Conoco Norway Inc 2.0150 %
Total Norge A/S 1.6000 %

The Troll field covers parts of blocks 31/2, 31/3, 31/
5 and 31/6, see Figure 2.4.6.a. Block 31/2 was allo-
cated in 1979 while the other three blocks were allo-
cated in July 1983. Unitisation of the two production
licences has been completed.

The Directorate’s estimates for recoverable gas in
the entire Troll field are 1288 bem.

The Directorate’s estimates for recoverable oil
are 64 mcm. This estimate is based on 17 horizontal
wells in the Troll Vest oil province and six horizon-
tal wells in the Troll Vest gas ‘province. Develop-
ment of the gas province is being considered by the
licensees and a decision to increase the number of
wells in the gas province can mean an upward ad-
justment of the reserves estimates for oil.

Reservoir

The reservoir is situated in three geological forma-
tions of late Jurassic age. The upper formation, Sog-
nefjord, is dominated by medium to coarse grade
sandstone with good reservoir characteristics. Sog-
nefjord contains the bulk of the gas and oil in the
field. Underneath Sognefjord lies the Heather for-
mation, which shows poor reservoir properties, and
the Fensfjord formation with variable reservoir
characteristics.

At the top of Troll @st and Troll Vest is a gas co-
lumn over 200 metres high. This gas column varies
across the field. The western part of the field (Troll
2, features an oil column 22 to 27 metres tall under
the gas, compared to 11 to 17 metres further east in
the block (Troll Vest gas province). In Troll @st the

proven oil strata vary from zero to four metres in
thickness.

Troll phase 1

Norske Shell, as operator of the first development
on Troll, submitted the partners’ plan for develop-
ment and operation of Troll phase 1 to the author-
ities in September 1986. The Storting considered
and adopted the PDO in December 1986. The de-
velopment plan called for a fully integrated platform
with initial processing capacity of 21.3 bcm a year.
The operator was asked to submit a revised plan
with a more detailed description of the installation
and processing equipment. A revised plan was sub-
mitted by the operator and adopted by the author-
ities in 1990. This new plan comprises a weilhead in-
stallation, pipeline to shore, and an onshore termi-
nal for separation, drying and compression of gas.
From the onshore terminal the gas will be exported
to the Continent. Upon completion the facility will
have a capacity of 23.7 bcm a year, which is almost
equivalent to Norway’s overall gas export in 1991.
Total investment costs have been estimated at some
27.8 billion 1991 kroner, with estimated annual op-
erating costs running to 830-1150 million 1991
kroner.

The Directorate considers the selected develop-
ment concept (see Figure 2.4.6.b) to be safer, more
flexible and more cost-efficient than the original so-
lution.

TOGI

In addition to the principal gas development project
a subsea production system (Troll-Oseberg Gas In-
jection, TOGI) for gas required for injection .on
Oseberg has been built. TOGI started production of
gas from Troll @st in February 1991 and currently
delivers some 3 mcm gas a day to Oseberg. Norsk
Hydro is operator for development and operation of
TOGI, where investments to date amount to approx
3.0 billion 1991 kroner.

The Directorate considers TOGI to be decisive
for enhanced oil recovery from Oseberg and crucial
to further development of subsea technology on the
Norwegian continental shelf.

Troll phase 2

In December 1991, Norsk Hydro as operator of
Troll phase 2 submitted a plan for development and
operation of Troll phase 2, currently being consid-
ered by the authorities.

The plan recommends production from 17 hori-
zontal wells in the Troll Vest oil province. A con-
crete floater is the recommended installation for
processing and export of the oil, after floating and
fixed installations as well as ships have been consid-
ered. The licensees also considered an installation

tion from Troll Vest. The planned plateau produc-
tion is 25,000 scm oil a day. Up to 5 mcm gas a.day
can be exported to the Troll phase 1 installation. To-
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Fig. 2.4.6.b
Planlagt innretning for Troll fase 1
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tal investments are estimated at 14.3 billion 1991
kroner.

The licensees wish to continue to evaluate the oil
recovery potential from the gas province. The re-
sults from drilling and production from test well 31/
5-T1 in the southern part of the gas province were
promising but the well produced more water than
expected. Parts of the gas province are considered
to be profitable although the uncertainty associated
with the production estimates is believed to be sig-
nificant on account of geological unknowns. In its
estimates of oil reserves the Directorate has in-
cluded production from the most promising area of
the gas province.

Further phases on Troll

No decision has been made for further development
of the Troll field. The licensees are engaged in
studies to prepare for development and operation of
the Troll Vest gas resources. It has not yet been de-
termined when gas production can start. This de-
pends on future developments in the gas market and
the rate of oil production in Troll Vest.

The Directorate considers large-scale gas produc-
tion from Troll Vest to be unsound resources policy
until such time as the bulk of the oil reserves in Troll
Vest have been produced.

Licensees

Production licence 089 was allocated in 1984. The
sliding scale has been exercised in the production li-
cence, giving the following distribution:

Den norske stats oljeselskap a.s 55.4000 %
Esso Norge a.s 10.5000 %
Idemitsu Petroleum Norge A/S 9.6000 %
Norsk Hydro Produksjon a/s 8.4000 %
Saga Petroleum a/s (operator) 7.0000 %
Elf Aquitaine Norge A/S 5.6000 %
Deminex (Norge) A/S 2.8000 %
Det Norske Oljeselskap A/S 0.7000 %

Field history

Tordis was proven by the drilling of well 34/7-12 in
1987. An appraisal well, 34/7-14, was drilled on the
field in autumn 1989. Based on these two wells the
field was declared commercial, and the plan for de-
velopment and operation was submitted in Decem-
ber 1990. The plan was adopted by the Storting in
May 1991.

Reserveir

The Directorate estimates the recoverable resources
to be 18.8 mcm oil, 1.2 bem gas and 0.5 million
tonnes NGL. These estimates are almost identical
with those of the operator. The production mecha-

247 Tordis nism for the field is pressure maintenance by means

Tordis is situated in block 34/7 (see Figure 2.5.11.a)
and comes under production licence 089 allocated in
1984 with Saga as operator.

of water injection. The oil is undersaturated and is
found in the two reservoirs Upper and Lower Brent.
Reservoir depths are around 2150 metres.
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Development concept

The plan is to develop the field with subsea comple-
tion wells: five producers and two water injectors.
The well flow will be phased into Gulifaks C for pro-
cessing, metering and forwarding. According to the
operator’s plans, production will start in autumn
1994, The gas will be sold under the Troll gas sales
agreement.

Costs

Total investments are estimated at some 3.4 billion
1991 kroner, including wells and modification costs
on Gullfaks C. Estimated total operating costs are 3
billion 1991 kroner, including processing tariffs on
Gullfaks C.

2.4.8 Statfjord Ost

Statfjord st is situated in production licences 037
and 089, see Figure 2.5.11.a. Production licence 037
covers blocks 33/9 and 33/12 and was allocated in
1973. The licence partners are listed below.

Licensees in production licence 037
Den norske stats oljeselskap a.s

(operator) 50.0000 %
Mobil Development Norway A/S 15.0000 %
AJS Norske Shell 10.0000 %
Esso Norge a.s 10.0000 %
Norske Conoco A/S 10.0000 %
Saga Petroleum a/s 1.8800 %
Amerada Hess Norge A/S 1.0400 %
Amoco Norway A/S 1.0400 %
Enterprise Oil Norwegian A/S 1.0400 %

Production licence 089 was allocated in 1984. Stat-
oil’s share is 40.4 per cent after the company sold
9.6000 per cent to Idemitsu in 1989.

The partners in production licence 089 before and
after the application of the sliding scale are as fol-
lows:

Licensees in pl 089 Before After
Den norske stats oljesel-
skap a.s 41.40 % 55.40 %
Esso Norge a.s 14.70 % 10.50 %
Norsk Hydro Produksjon
A/S 11.76 %  8.40 %
Saga Petroleum a/s (oper-
ator) 9.80 %  7.00 %
Idemitsu Petroleum Nor-
ge A/S 9.60 %  9.60 %
Elf Aquitaine Norge A/S 784 %  5.60 %
Deminex (Norge) A/S 392% 280 %
Det Norske Oljeselskap
A/S 098% 0.70 %

Field history

and splits the reserves with 50 per cent to each of the
two production licences. On 19 November 1991, the
Ministry of Petroleum and Energy approved a coor-
dination agreement for Statfjord @st, which means
that Statfjord Nord and Statfjord @st will have a
common project organisation and use the same
equipment on Statfjord C.

Reservoir

Production from Statfjord @st is scheduled to start
in the fourth quarter of 1994 and last until the year
2007. The field will reach peak production two to
three years after production start-up. The plan is to
drill up to ten production and water injection wells
at Statfjord @st. According to Statoil’s estimates the
oil reserves are approximately 19.4 mem. The Direc-
torate’s estimates for oil reserves in Statfjord @Dst
are 13.4 mcm, which is about 30 per cent lower than
Statoil’s estimates. Differences in geological model
account for most of the deviations in the reserves es-
timates. The Ministry of Petroleum and Energy has
approved the production profile which the licensees
relied on in their development application for Stat-
fjord @st. The production profile will be reconsid-
ered once the first production and injection wells
have been drilled. If the field reserves turn out to be
lower than the licensees’ estimates, the recovery
rate may be adjusted downward.

Development concept

The field will be developed with subsea installations
connected to the Statfjord C platform. The subsea
installations will consist of three templates, two for
production and one for water injection. The well
flow comprising oil, gas and water, will be carried in
two pipelines to Statfjord C for processing, storage
and onward transportation. The plan is to drain the
fields using six production ‘wells and four water in-
jection wells. A scheme has been approved for con-
version of two water injection wells drilled from
Statfjord C into subsea completion wells, which con-
stitutes a change in the plan for development and
operation of the field.

Costs

Estimated investment costs for Statfjord @st are
3.37 billion 1991 kroner. In the production phase
the annual operating costs for Statfjord @st have
been estimated at 70 million 1991 kroner. The oper-
ating costs given by the operator are associated with
some measure of uncertainty since the strategies for
maintenance and compilation of data have not been
finalised. In the Directorate’s opinion, the operating
costs appear to be somewhat low.

2.4.9 Staifjord Nord

The plan for development and operation of Stat-
fjord @st was adopted by the Storting on 9 Novem-
ber 1990. Statoil operates the field. A unitisation
agreement for Statfjord @st was signed in June 1991

Statfjord Nord is situated in production licence 037
covering blocks 33/9 and 33/12 and was allocated in
1973, see Figure 2.5.11.a. The partners in the licen-
ce are given below.
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Licensees in production licence 037
Den norske stats oljeselskap a.s

(operator) 50.0000 %
Mobil Development Norway A/S 15.0000 %
A/S Norske Shell 10.0000 %
Esso Norge a.s 10.0000 %
Norske Conoco A/S 10.0000 %
Saga Petroleum a/s 1.8750 %
Amerada Hess Norge A/S 1.0420 %
Amoco Norway A/S 1.0420 %
Enterprise Oil Norwegian A/S 1.0420 %

Field history

The plan for development and operation of Stat-
fjord Nord was adopted by the Storting on 9 No-
vember 1990. Statoil operates the field.

Reservoir

Production from Statfjord Nord is scheduled to start
in the second quarter of 1994 and last until the year
2009. According to Statoil’s estimates, total produc-
tion from the field will be 27.7 mcm oil. The Direc-
torate’s estimates for oil reserves in Statfjord Nord
are about 31 mcm. This estimate assumes that eight
production wells will be drilled and that oil produc-
tion is not terminated until the year 2014. Any deci-
sion to drill two extra wells will be deferred until
after production start-up.

Development concept

The field will be developed with subsea installations
connected to the Statfjord C platform. The subsea
installations will consist of three templates, two for
production and one for water injection. The well
flow comprising oil, gas and water, will be carried in
two pipelines to Statfjord C for processing, storage
and onward transportation. The plan is to drain the
fields using six production wells and four water in-
jection wells. Statfjord Nord and Statfjord @st will
have a common project organisation and use the
same equipment at Statfjord C.

Costs

Investment costs for Statfjord Nord run to 3.65 bil-
lion 1991 kroner. In the production phase the an-
nual operating costs for Statfjord Nord have been
estimated at 75 million 1991 kroner. The operating
costs given by the operator are associated with some
measure of uncertainty since the strategies for main-
tenance and compilation of data have not been fina-
lised. In the Directorate’s opinion, the operating
costs appear to be somewhat low.

2.4.10 Snorre
The Snorre field is situated in blocks 34/4 and 34/7,

with Saga as operator, see Figure 2-5.11:a. Block 34/ ing the extent of the sand formations and communi=————

4 was allocated under production licence 057 in
1979, block 34/7 under production licence 089 in
1984.

Licensees in production licence 057

Den norske stats oljeselskap a.s 41.4000 %
Deminex (Norge) A/S 24.5000 %
Saga Petroleum a.s 14.7000 %
Idemitsu Oil Exploration A/S 9.6000 %
Amerada Hess Norge A/S 4.9000 %
Enterprise Oil Norway A/S 4.9000 %
Licensees in production licence 089

Den norske stats oljeselskap a.s 41.4000 %
Esso Norge a.s 14.7000 %
Norsk Hydro Produksjon a.s 11.7600 %
Saga Petroleum a.s 9.8000 %
Idemitsu Oil Exploration A/S 9.6000 %
Elf Aquitaine Norge A/S 7.8400 %
Deminex (Norge) A/S 3.9200 %
Det Norske Oljeselskap A/S 0.9800 %

Ownership interests after unitisation
The partners have adopted a distribution of the re-
serves in Snorre which puts 30 per cent in block 34/4
and 70 per cent in block 34/7. The ownership inter-
ests in the unitised Snorre field are:

Den norske stats oljeselskap a.s 41.4000 %
Saga Petroleum a.s 11.2559 %
Esso Norge a.s 10.3323 %
Deminex (Norge) A/S 10.0348 %
Idemitsu Oil Exploration A/S 9.6000 %
Norsk Hydro Produksjon a.s 8.2658 %
Elf Aquitaine Norge A/S 5.5106 %
Amerada Hess Norge A/S 1.4559 %
Enterprise Oil Norway A/S 1.4559 %
Det Norske Oljeselskap A/S 0.6888 %

Field history
The plan for development and operation of the
Snorre field was adopted by the Storting in 1988.
Pre-drilling of wells on the field started in autumn
1990, with production start-up scheduled for August
1992. The plan is to pre-drill four production wells
and two injection wells before the platform is placed
on the field in April-May 1992.

Reservoir

Snorre is a large oil field: the recoverable reserves
according to the operator’s estimate are about 120
mcm oil and 7 bem associated gas. The Directorate
estimates the reserves at 106 mcm oil and 6.7 bcm
associated gas. The Directorate notes the uncer-
tainty surrounding the Snorre field reserves. Snorre
contains numerous additional resources.

The oil, which is heavily undersaturated, has col-
lected in two reservoirs: Statfjord and Lunde. These
are amply surveyed and the volumes are reasonably
definite; although there is some uncertainty regard-

cation in the Lunde reservoir, which may affect re-
servoir performance during production. The depth
of the reservoir is about 2500 metres.
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Development concept

The water depth over the field varies from 300 me-
tres in the south to 370 metres in the north. In the
plan the field'will be developed in two phases.

Phase 1 comprises a floating tension leg platform
in the south and a subsea installation in the central
part of the field, where production will be driven by
water injection and the oil will be separated in two
stages on the Snorre platform, then transported to
Statfjord for end processing. The estimated de-
velopment costs for phase 1, including drilling, are
about 23.5 billion 1991 kroner. Annual operating
costs are variously estimated at from 1100 to 1600
million 1991 kroner.

Phase 2 of the development involves depletion of
the central and northern parts of the field and en-
tails two development options. One is the relocation
of the tension leg platform, the other to continue the
development with another production unit on the
seafloor.

2.4.11 Draugen

The Draugen field, situated in block 6407/9, was al-
located in 1984 as production licence 093, see Figure
2.3.6.

Licensees
Den norske stats oljeselskap a.s 50.0000 %
A/S Norske Shell 30.0000 %
BP Petroleum Development

of Norway A.S 20.0000 %

Shell operates the field, where production is sched-
uled to come on stream in autumn 1993.

Field history

The operator declared the field commercial in Sep-
tember 1987 and submitted the partners’ plan for
development and operation to the authorities that
same month. In August 1988, the operator pre-
sented an updated PDO for the field, which the
Storting approved in December 1988. Draugen is
the first field on Haltenbanken to be adopted for de-
velopment.

Reservoir

The Directorate estimates the in-place reserves on
Draugen to be around 68 mcm oil and 3 bcm gas.
The Draugen reservoir is of excellent quality and
consists of two formations: Rogn which contains the
major part of the reserves, and Garn. There are sev-
eral minor faults in the reservoir which may allow
communication between the formations. There may
also be communication in areas where the interven-
ing slate strata are thin. On the evidence of the test
results the wells are expected to provide high deliv-
ery capacity.

dular) topsides. Six or seven production wells are
planned, plus six water injection wells and one gas
injection well. Seven of the wells will have subsea
completion. The installation will have ten well slots
and 34 J tubes when complete. A plateau rate of
14,300 scm oil a day is conjectured.

Transportation

It is proposed to export the crude via a floating load-
ing platform, FLP, with compliant moorings. The
gas will be reinjected until a use has been found for
it.

Gas application

The operator has considered numerous alternative
uses for the associated gas. The principal plan is to
reinject it into the Tle formation (water zone) for
three years. It would also be feasible to produce the
Rogn South formation early on, enabling the part-
ners to continue gas injection into this formation for
a three-year period. After 1999 it is expected that a
gas transportation solution or some other use for the
gas will have been found on Haltenbanken.

Costs

The estimated total investment costs are 11.8 billion
1991 kroner. Estimated annual operating costs are
700 million 1991 kroner.

2.4.12 Heidrun

Heidrun is situated in blocks 6507/7 and 6507/8, see
Figure 2.3.6, the former being allocated in 1984
under production licence 095, and the latter in 1986
under production licence 124.

Licensees after unitisation

Den norske stats oljeselskap a.s 75.0000 %
Conoco Norway Inc (operator) 18.1250 %
Neste Petroleum a.s 5.0000 %
Norsk Hydro Produksjon a.s 1.2500 %
Det Norske Oljeselskap a.s 0.6250 %

Statoil will take over the Heidrun operatorship from
Conoco from the operating phase. Production start-
up is scheduled for autumn 1995.

Field history

Heidrun was discovered in 1985 and declared com-
mercial in December 1986. The plan for production
and operation of the field was submitted in Novem-
ber 1987, including early production. The plan was
approved but the partners discontinued their efforts
to implement it, and the operator submitted a re-
vised plan in December 1989. This plan was adopted
by the Storting in May 1991. However, the decision

Development concept
The field development plan assumes a fixed con-
crete gravity base with integral (as opposed to mo-

of what to do with the associated gas was postponed.
In November 1991, the Government presented a
proposition recommending landing of the associated
gas for methanol production,
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Reservoir

The field contains oil with an overlying gas cap. The
reservoir is faulted and consists of several geological
formations. For optimal resource exploitation the
gas cap should be produced after the bulk of the oil.
The reserves estimates for Heidrun have given rise
to much uncertainty, the Directorate’s estimates be-
ing 87 mcm oil and 38 bem gas, while the operator’s
estimates are 119 mem oil and 45 bem gas.

Development concept

Heidrun will be developed using a concrete tension
leg platform installed over a subsea template with 56
well slots. According to the plan, 35 production
wells, 11 water injection wells and two gas injection
wells will be drilled. Six of the water injection wells
will have subsea completion. The projected produc-
tion capacity for oil is 35,000 scm a day, while maxi-
mum treatment capacity for water and gas will be
24,700 cubic metres and 4,7 mcm a day, respec-
tively. Likely concepts for storage of produced oil
might involve tankers and a concrete offshore load-
ing platform. The oil storage capacity will be about
240,000 scm.

Costs

Estimated total investment costs are 25.6 billion
1991 kroner, while annual operating costs are esti-
mated at 1.2 billion 1991 kroner.

Gas application

A number of alternatives for the sale of associated
gas from the field have been considered, amongst
others reinjection into the reservoir, injection into
an adjacent water-filled structure, and landing in
Mid-Norway. In November 1991, the Government
presented a proposition recommending landing of
the associated gas to Tjeldbergodden for methanol
production.

2.5 FIELDS IN PRODUCTION

2.5.1 Hod

Production licence 033

Licensees

Amoco Norway Oil Company (operator)25.0000 %
Amerada Hess Norge A/S 25.0000 %
Enterprise Oil Norway A/S 25.0000 %
Norwegian Oil Consortium A/S & Co  25.0000 %

Block 2/11 was allocated in 1969 as production licen-
ce 033 with Amoco as operator. The field is located
about 12 km south of the Valhall field. Parts of the
block have later been relinquished, and parts of the

tion licence 068. The Hod field consists of two sepa-
rate structures: Vest Hod and @st Hod. See Figure
2.54.a.

Production

The Hod field is a typical Cretaceous field in Central
Graben. The Ekofisk formation is thin where it ex-
ists at all. The Tor formation is an excellent reser-
voir zone in the eastern structure. The H4 formation
is best in the western structure, while varying parts
of the Hod formation form a good reservoir in the
eastern structure. Some oil has been proven in im-
pervious, chalk-rich lower Cretaceous rock, but pro-
duction here is not profitable at present.

Geophysical interpretation of the western struc-
ture is difficult due to gas in the rock overlying the
reservoir. Three-dimensional seismics have been
shot this year and the interpretation process will be
concluded by the operator and partners in the first
part of 1992. The eastern structure on the other
hand has no interfering gas cloud and is therefore
easier to understand. There are also more wells in
this part of the structure.

The plan for development and operation of the
Hod field was adopted by the Storting on 26 June
1988, while production started from one well in Oc-
tober 1990. In the course of one year or so, produc-
tion has reached about 5000 scm a day from five sub-
sea wells. Some 95 per cent of the production flows
from the eastern structure, which has significantly
better reservoir properties than that in the west. The
plan calls for at least one more well to be drilled in
the field, probably in the western structure.

Primary production will be by means of natural
pressure relief, while secondary production methods
such as water flooding or gas injection are also being
considered.

Production installations

Development features an unmanned production in-
stallation, where oil and gas are separated by means
of a separation unit and metered before being piped
to Valhall for further processing.

Transportation

Oil and gas are transported in a single pipeline to
Valhall and from there through the existing trans-
portation system to Emden and Teesside.

Metering system

Qil and gas are metered to fiscal standard at Hod.
The metering system is included in the Valhall-Hod
system for the distribution of hydrocarbons.

Flaring
All gas flaring takes place at Valhall as there is no
separate flaring permit for Hod.

Costs

“Total investments for the Hod field wp toand-in=—————

cluding year 2005, and total operating costs through
2005, are estimated to be 954.3 and 818.1 million
1991 kroner, respectively.
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2.5.2 Valhall
Production licence 006
Licensees

Amoco Norway Oil Company 28.3300 %
Amerada Hess Norge A/S 28.3300 %
Enterprise Oil Norway A/S 28.3300 %
Norwegian Oil Consortium A/S & Co  15.0000 %

Block 2/8 was allocated in 1965 with Amoco as oper-
ator. In 1989, Texas Eastern Norwegian Inc’s inter-
est was sold to Enterprise Oil Norway A/S. Most of
the Valhall field is in block 2/8 (see Figure 2.5.4.a)
although the southern part extends into block 2/11,
production licence 033, in which each of the 006
partners owns 25 per cent.

Production

Valhall, in terms of geology and reservoir character-
istics, is similar to the Ekofisk area fields, which
produce from crumbled limestone which is relatively
impervious compared to other reservoir rocks on the
Norwegian continental shelf. This gives the fields
relatively low recovery, about 23 per cent, although
the factor can be enhanced by employing new pro-
duction techniques. The plan for development and
operation was adopted by the Storting in spring
1977, with production start-up in 1980.

Fig. 2.5.2
Installations on Valhall

In 1990, a pilot project was initiated whereby wa-
ter was injected into a well in the Tor formation.
The intention was to test how much water could be
injected into the well and see what response the wa-
ter would elicit from the reservoir.

The results so far have been positive both with re-
gard to injectivity and displacement efficiency.
About 600,000 cubic metres of water were injected
into the pilot well before water broke out in one of
the neighbouring wells. According to plan the pilot
experiment will continue until 1992. Simultaneously
with the pilot project, studies have been made into
water injection and gas injection on a full-field
scale. The operator is expected to reassess the over-
all production strategy in the course of spring 1992.

Production installations

The development of Valhall comprises quarters,
drilling, production and riser platforms, the three
first-mentioned being on the field and connected to
each other by flying gangways. See Figure 2.5.2 for
details. The riser platform — for which Phillips is the
operator — is connected to the Ekofisk tank.

Oil is separated from the Valhall gas using two se-
paration trains before being pumped to Ekofisk
where it is metered and then fed into the Teesside
pipeline. The gas is compressed, dried and checked
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for dew point on the production platform before be-
ing piped to the Ekofisk installation for metering
and export through the Emden pipeline. The heavi-
er gas fractions, natural gas liquids (NGL), are sepa-
rated on Valhall in a fractioning column and then re-
injected, mainly into the oil.

Transportation
From the riser platform the gas is transported to
Emden and the oil is transported to Teesside.

Metering system

Oil and gas from Valhall and Hod are fiscally me-
tered on the riser platform. The fiscal metering sys-
tems are part of the Ekofisk system for hydrocarbon
distribution,

Flaring

The reported average gas flare volume on the field
in 1991 was 35,000 scm a day, equivalent to 1.3 per
cent of gas production, and 35 per cent of the per-
mitted maximum.

Costs

The total investments on the Valhall field up to year
2011 are expected to be roughly 12.7 billion 1991
kroner. The total operating costs to the same date
have been calculated at 16.7 billion 1991 kroner.

2.5.3 Tommeliten
Production licence 044
Licensees

Den norske stats oljeselskap a.s 70.6400 %
Norske Fina A/S 20.2300 %
Norsk Agip A/S 9.1300 %

Production licence 044 was allocated on 27 August
1976 and embraces block 1/9 southwest of the Eko-
fisk area. The field was discovered by the drilling of
exploration well 1/9-1 in December 1976 and was
Statoil’s first offshore petroleum discovery.

Production

The plan for development and operation was ap-
proved by the Norwegian Storting in June 1986.
Phase 1 of the development, comprising the Gamma
structure, came on stream on 3 October 1988.

Tommeliten comprises two structures, Alfa in the
south and Gamma in the north. Furthermore, un-
derlying sandstone formations have been located,
which are considered to hold promise and will be ex-
plored in greater detail.

Gas from Tommeliten is processed on the Edda
installation. A minor portion of the gas is used as
gas lift for Edda oil wells and thus extends the eco-
nomic duty cycle of the Edda field.

In 1992, a revised plan for development and pro-

ductionofthe- Tommeliten Alfa—structure—will-be——fisk-in-block-2/7,-and -Ekofisk-and Vest Ekofisk in

submitted. The most important change compared to
the original plans is that one will now use horizontal
wells to drain the structure, which will give an in-

crease in recoverable reserves with a smaller num-
ber of wells.

Production installations

The Gamma structure has been developed using
subsea completion wells and the Alfa structure will
probably be developed using the same method. The
produced fluid and gas are processed on the Edda
installation.

Transportation
Following the first stage separation and metering on
Edda, the Tommeliten gas is taken by pipeline to
the Ekofisk Centre for further processing, while the
dry gas is used by Phillips as fuel.

Tommeliten crude is transported from Edda to
the Ekofisk Centre and thence by pipeline to Teessi-
de for sale.

Metering system

The existing metering systems for oil and gas on the
Edda installation have been rebuilt and upgraded to
support the separate metering of oil and gas from
both the Edda and Tommeliten fields.

Flaring
The volume of gas which the operator is permitted
to flare off on Tommeliten is included in the aggre-
gate volume permitted for the Ekofisk field as a
whole.

Costs

The total investments for the Tommeliten field up to
and including the year 2005 are expected to reach
about 4.2 billion 1991 kroner. The total operating
costs up to the same date are expected to be about
1.3 billion 1991 kroner.

2.5.4 Ekofisk area
Production licence 018
Licensees

Phillips Petroleum Co Norway A/S 36.9600 %
Norsk Fina A/S 30.0000 %
Norsk Agip A/S 13.0400 %
Elf Aquitaine Norge A/S 7.5940 %
Norsk Hydro Produksjon A/S 6.7000 %
Total Norge A/S 3.5470 %
Den norske stats oljeselskap a.s 1.0000 %
Eurafrep Norge A/S 0.4560 %
Coparex Norge A/S 0.3990 %
Norminol 0.3040 %

This group, called the Phillips Group, owns the
rights to the Cod, Edda, Eldfisk, Ekofisk and Vest
Ekofisk fields. Cod lies in block 7/11, Edda and Eld-

block 2/4.
The Albuskjell field is split between production li-
cences 018 and 011; the Tor field between produc-
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tion licences 018 and 006. Albuskjell lies in blocks 1/
6 and 2/4; Tor in blocks 2/4 and 2/5.
The field interests are split as follows:

Albuskjell

Phillips Group 50.0000 %
A/S Norske Shell 50.0000 %
Tor

Phillips Group 75.3612 %
Amoco Group 24.6388 %

(Valhall licensees)

The Ekofisk area, operated by Phillips, consists of
seven fields: Albuskjell, Cod, Edda, Ekofisk, Eld-
fisk, Tor and Vest Ekofisk. Cod was discovered in
1968 and is the only field producing from a sand-
stone reservoir in the Ekofisk licence. The other
fields in the area all produce from chalk. Ekofisk it-
self was discovered in 1969 and declared commercial
the year after. The other fields were discovered be-
tween 1969 and 1972. Ekofisk, easily the largest
field in the area, has a hydrocarbon pore volume
about 30 per cent larger than the Statfjord field.
Eldfisk is the second in line as far as size goes. See
Figure 2.5.4.a for field locations.

Production
The Ekofisk area has been developed in several
stages.

From June 1971 to May 1974, oil was recovered
from four wells which had been completed on the
seafloor on the Ekofisk field. The fields Cod, Tor
and Vest Ekofisk were developed and tied in with
the Ekofisk Centre at the same time as the oil pipe-
line was laid to Teesside and the gas pipeline to Em-
den. These pipelines came on stream in October
1975 and September 1977, respectively. Before the
gas line was commissioned the gas had been re-in-
jected into the Ekofisk field.

Fig. 2.5.4.a
The Ekofisk area
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The second development stage involved the tie-in
of Albuskjell, Edda and Eldfisk to the Ekofisk Cen-
tre.

The fields, which are produced by means of de-
pressurisation, have a relatively low oil recovery fac-
tor of about 20 per cent. The recovery factor can be
increased by injecting water or gas into the reser-
voirs. In addition, greater use of horizontal wells
both as producers and injectors can contribute to in-
creased recovery. In 1991, the Directorate ordered
the operator to perform studies of Ekofisk, Eldfisk
and Tor. The purpose of these studies was to evalu-
ate the feasibility of optimising recovery from the
fields.

On the Ekofisk field, where water flooding has
been performed on a field scale since 1987, the re-
covery factor will probably increase to about 30 per
cent. In 1991, the water injection equipment was up-
graded to an injection capacity of about 500,000 bar-
rels of water a day. This upgrading permitted injec-
tion of water into the Tor formation and the lower
part of the Ekofisk formation across the entire field.
The operator is currently evaluating the future pro-
duction strategy for the rest of the Ekofisk forma-
tion.

On Eldfisk, the second largest field in the area,
the operator is also considering increasing the recov-
ery by means of water flooding or gas injection. To
this end a pilot project was performed in 1991 in
which limited volumes of water were injected into a
single well with positive results.

On the Tor field, also, the operator is evaluating
the potential for water flooding or gas injection.
Drilling of the first horizontal well in the area was
initiated in 1991. The drilling of further horizontal
wells in the area will be considered based on experi-
ence from this well.

The uppermost reservoir in the Albuskjell field,
the Ekofisk formation, consists of relatively imper-
vious rock with poor production properties. How-
ever, a new stimulation method has given rise to
greater optimism with respect to production from
this reservoir. Also horizontal wells will be consid-
ered to drain the Ekofisk formation. Figure 2.5.4.b
shows the installations in the Ekofisk area.

Subsidence

In November 1984 it was observed that the seabed
beneath the Ekofisk Centre had subsided. Since
then, measurements have shown that the total depth
of the subsidence was about 5.21 metres as at 15 No-
vember 1991.

The rate of collapse from 1980 to 1986 was about
0.4 to 0.5 metres a year, although slightly less
towards the end of the period. During 1987 and 1988
the measured rate of subsidence was about 0.3 me-
tres a year. In 1991 the rate of subsidence increased

compared to what was expected.

Several monitoring methods have been used to es-
timate the rate of subsidence. In 1984-85, analyses
were made of wave data, though these could only in-
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Fig. 2.5.4.b
Installations in the Ekofisk area
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dicate the previous subsidence rate. This prompted
the operator in 1985 to take many measurements of
the distance from the sea surface to certain horizon-
tal braces in the platform steel jackets. This method
was of limited precision. Nowadays the subsidence is
measured using pressure sensitive detectors on the
seabed in addition to regular satellite passes.

The cause of the subsidence is the compaction of
the reservoir rocks, permitted by the reduction in
reservoir pressure from 7200 psi originally to about
3800 psi today. There is still some doubt about the
mechanism by which the reservoir volume reduction
causes subsidence and if perhaps there are also
other factors contributing to the phenomenon.

The only way to prevent further compaction and
other problems related to depressurisation is to limit
the reduction in pressure. This can be done by injec-
tion of natural gas and/or water.

Subsidence is not peculiar to the Ekofisk Centre
and it is reckoned there will be a need to modify in-
stallations in the northern and southern parts of the
field during the 1990s.

In summer 1987 the steel platforms on Ekofisk
were all jacked up due to the subsidence. This was
done to lift them above the effects of the waves (100
year wave). This engineering feat was impossible for
the concrete Ekofisk tank, so the Phillips Group de-

Transportation

The gas is transported by pipeline to Emden. The
capacity is fully exploited and the plan is therefore
to include new coolers which will provide extra
transportation capacity for next year.

The oil, containing the NGL fraction, is transpor-
ted by pipeline to Teesside. Here the transport ca-
pacity is increased by increasing the operating pres-
sure. As a further measure, anti-friction chemicals
are added, giving a total current transportation ca-
pacity of over 600,000 barrels a day.

Metering systems

Total oil and gas deliveries to the Teesside and Em-
den pipelines from the area are metered on the Eko-
fisk tank. In addition, oil and gas production from
the individual platforms is metered before transpor-
tation by pipeline to Ekofisk Centre. The exceptions
are Vest Ekofisk and Ekofisk itself, which are me-
tered on the Ekofisk tank.

All metering systems are in accordance with the
fiscal standard and included in the operator’s system
for hydrocarbon distribution. Modernisation work is
currently being undertaken in Teesside and Emden
and there are plans for modernisation of the Ekofisk
tank.

cided to emplace a concrete barrier around it. Con-
struction started in 1988 and the protective barrier
was towed out to Ekofisk in two halves and mated
on sitein 1989.

The annual cooperation meeting concerning gas
metering in Emden was held with the German
authorities as usual.
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Flaring

The field gas flaring reports for 1991 record that a
daily average of 40,000 scm gas was flared, equiva-
lent to 0.19 per cent of gas produced and 40 per cent
of the maximum permitted daily flare limit.

Costs

By year end 1991, over 70 billion 1991 kroner had
been invested in the seven fields making up the Eko-
fisk area.

2.5.5 Gyda
Production licence 019B
Licensees
Den norske stats oljeseiskap a.s 50.0000 %
BP Petroleum Development

of Norway A.S (operator) 26.6250 %
Norske Conoco A/S 9.3750 %
AEDC 5.0000 %
MOECO 5.0000 %
K/S A/S Pelican & Co 4.0000 %

The Gyda field is located in block 2/1, about 28 km
southeast of Ula, along the Ula Trend (Figure
2.5.4.a). The field was proven in 1980 by explora-
tion well 2/1-3, and by 1985 three appraisal wells
had also been drilled in the structure.

The Gyda field was declared commercial on 22
January 1987. The partners submitted their plan for
development and operation on 11 March 1987, and
the plan received Storting approval in spring 1987.
Gyda came on stream on 21 June 1990.

Production

The reservoir from which production takes place
consists of Upper Jurassic sandstone. Estimates for
recoverable oil and gas are 32 mcm and 4 bem, re-
spectively, of which 2 bem is sales gas, and 2 million
tonnes is NGL.

The field is produced using water injection as the
drive mechanism. There are plans for 17 production
wells and eight injection wells, although the number
can be increased if necessary. All in all there are 32
available slots.

Eight wells were pre-drilled in the period 1983
89, seven of which were tied in to the installation
and their production initiated on a continuous basis
in the course of the second half of 1990. One well
had to be sidetracked and another three production
wells were being drilled at the end of 1991.

Two injection wells were drilled in 1991. In addi-
tion, water is injected into two earlier production
wells on the periphery of the field. The water injec-
tion capacity on the installation will be upgraded in
the course of 1992.

The field has turned out to be more complicated

by means of single-well depressurisation via tie-back
to the Gyda installation.

Average production is about 10,500 scm oil and
1.6 mcm gas a day. The plateau rate can be main-
tained for three to four years, after which time pro-
duction will gradually decrease and probably be ter-
minated in 2012. '

Production installations
The development concept for the field comprises a
combined drilling, quarters and processing installa-
tion on a steel jacket, see Figure 2.5.5. The installa-
tion was prefabricated in large assemblies which
were generally finally inspected and tested in the
yard before being towed offshore in winter 1989-90.
The high degree of completion before tow-out cut
costs and reduced the manhours spent on offshore
hook-up operations.

Oil production commenced on 21 June 1990, eight
months ahead of schedule. Present production ca-
pacity is 11,000 sem oil and 1.6 mem gas a day.

Transportation

Gyda crude is transported to Ekofisk via the Ula-
Ekofisk oil pipeline and thence to Teesside, whereas
the gas is transported in a separate pipeline to Eko-
fisk from where it flows to Emden.

Metering system

Oil and gas production is metered to fiscal standard
before being piped to Ekofisk. The metering sys-
tems are included in the Ekofisk system for distribu-
tion of hydrocarbons.

Fig. 2.5.5
Installation on Gyda

e

than first assumed. Partly sealing faults pose a chal-
lenge with regard to draining strategy.

An exploration well south of Gyda proved a small
accumulation of oil which will probably be produced
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Flaring

For 1991 the average reported volume of flared gas
was 47,000 scm a day. This corresponds to 3.4 per
cent of total gas production and constitutes 24 per
cent of the maximum volume permitted.

Costs

Total investments up to 2012 amount to 8.3 billion
1991 kroner, whereas total operating costs come to
12.1 billion 1991 kroner.

2.5.6 Ula

Production licence 019A
Licensees

BP Petroleum Development

of Norway A.S (operator) 57.500 %
Svenska Petroleum Exploration A/S 15.000 %
Den norske stats oljeselskap a.s 12.500 %
Norske Conoco A/S 10.000 %
K/S A/S Pelican & Co 5.000 %

The Ula field, situated in block 7/12 about 70 km
northwest of Ekofisk (Figure 2.5.4.a), was discov-
ered in 1976 and declared commercial in December
1979. Although the field development plan received
approval in 1980, it became clear that same year that
the development would not be profitable after all. A
new field development plan was therefore submitted
for a revised development concept in April 1983 and
approved in January 1984. Production from Ula
started in October 1986.

Production

The Ula field is an Upper Jurassic sandstone sedi-
ment. It lies on the Ula Trend which is an oil provin-
ce along the faulted northeast margin of the Central
Graben. The field is a salt dome structure with a re-
servoir having excellent production properties.

In 1990, an appraisal well was drilled in the south-
ern part of the field, the results of which formed the
basis for production also from this area.

In 1991, a long-range production well was drilled
whose location was less than ideal on account of
technical difficulties. According to plan the ap-
praisal well will double as a water injector at a later
date.

A further production well was drilled centrally in
the field in 1991.

By year end the cumulative production was 27.5
mem oil, and the cumulative injection 22.5 million
cubic metres of water. Eight wells were simulta-
neously producing and six injecting. Water break-
through is expected in 1992, after which time oil
production will gradually decline until termination
in 2009.

In the underlying Triassic reservoir recoverable
volumes of oil have been proven only in the north-

Production installations

The development concept involves three conven-
tional steel jacketed platforms for production, drill-
ing and quarters (Figure 2.5.6). The jackets were in-
stalled in summer 1985 and offshore hookup took
place from October 1985 to August-September
1986.

In 1991, the production capacity was upgraded
from 15,900 to 21,700 scm oil a day. The water in-
jection capacity was increased from 19,100 to 28,600
cubic metres a day in 1990.

Transportation

The Ula crude is carried by pipeline via the Ekofisk
Centre to Teesside. Statoil is operator for the link to
Ekofisk, which was installed on the seabed in sum-
mer 1984. The Ekofisk link is about 70 km long and
has a diameter of 508 mm. The Ula gas is carried by
a gas line via Cod to Emden. The Ula-Cod link was
installed and tested in spring 1985.

Metering system

The oil is continuously metered for tax purposes be-
fore being exported by pipeline to Ekofisk. Similar-
ly, fiscal metering of the Ula gas takes place befcre
the gas is injected into the gas line to Cod and Em-
den. The metering systems are part of the Ekofisk
hydrocarbon distribution system.

Flaring

The reported daily average quantity of gas flared on
Ula in 1991 was 20,000 scm, equivalent to 1.3 per
cent of gas production and 20 per cent of the per-
mitted flare limit.

Costs

Estimated total investments up to year end 2006 are
about 11.5 billion 1991 kroner, while total operating
costs up to the same date are expected to be 11.1 bil-
lion 1991 kroner.

2.5.7 Heimdal

Production licence 036 was allocated in 1971 and
covers block 25/4, lying about 180 km west-north-
west of Stavanger (Figure 2.5.8.a), where Elf is op-
erator. On that part of the field which embraces
Heimdal, the Norwegian State has exercised its op-
tion through Statoil, and the field ownership is now
as follows:

Licensees
Den norske stats oljeselskap a.s 40.000 %
Marathon Petroleum Company (Norway) 23.798 %

ern part of the block. Oil-water contact is uncertain,
and the estimate for oil in place is in the region of 15
mem, but a low recovery factor can be expected due
10 poor reservoir properties.

Elf Aquitaine Norge A/S 21.514 %
Norsk Hydro Produksjon a.s 6.228 %
Total Norge A/S 4.820 %
Saga Petroleum a.s 3471 %
Ugland Construction Company A/S 0.169 %

The field was discovered in 1972 by the drilling of
exploration well 25/4-1 and declared commercial in
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Fig. 2.5.6
Installations on Ula

April 1974, This declaration was withdrawn in 1976
due to the low gas price.

In 1980 the gas market swung around and Heim-
dal became the key element in the debate about a
landing option for the Statfjord gas. The application
to land the gas on the Continent was submitted in
January 1981 and received Storting approval on 10
June 1981. The landing application for condensate
was approved in January 1983.

Production
The estimated total reserves in place in Heimdal are
36 bem gas and 6 mem condensate.

Production drilling on Heimdal started in April
1985. From the installation, 10 wells, nine produc-
tion wells and one observation and injection well,
have been drilled, although one producer had to be
closed down in 1987 due to leakage problems.

Production so far has not met with any serious set-
backs, though because of the powerful water drive

- in the field, pressure development and water ascent

Production installations

Heimdal has been developed with an integrated
steel jacket structure combining drilling, production
and quarters functions (Figure 2.5.7). Production
start-up was in December 1985 and delivery of gas
to Emden began in February 1986.

Transportation

The gas from the Heimdal field is transported
through Statpipe, and the pipeline from Heimdal
meets the pipeline from Kérstg to Ekofisk at the 16/
11-S riser platform.

Metering system

The Norwegian Petroleum Directorate inspects the
metering systems for gas and condensate. In the
case of the condensate system, the inspection is
done in collaboration with the British Department
of Energy, as the condensate is transported via the
Forties gathering system from the Brae field in the
UK sector to Cruden Bay in Scotland. The conden-
sate travels in a dedicated pipeline from Heimdal to

Brae

are both carefully monitored.

Production has reached plateau level, availability
is good, and there is little occasion to flare off field
gas.

DIacs

Costs
The total investments in the Heimdal field are in the
region of 11.7 billion 1991 kroner. The total operat-
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Fig. 2.5.7
Installation on Heimdal

Fig. 2.5.8.a
The Frigg area

ing costs over the lifetime of the field are expected
to reach 5.4 billion 1991 kroner.

2.5.8 Frigg area

2.5.8.1 Frigg

Licensees

Norwegian share (60.82 %) (production licence 024)

Elf Aquitaine Norge A/S 25.1910 %
Norsk Hydro Produksjon A/S 19.9920 %
Total Norge A/S 12.5960 %
Den norske stats oljeselskap a.s 3.0410 %
British share (39.18 %)

Elf Aquitaine UK Ltd 26.1190 %
Total Oil Marine Ltd 13.0600 %

Elf Aquitaine Norge A/S is the operator of the Frigg
field and Total Oil Marine Ltd the operator of the
pipeline system and St Fergus terminal in Scotland.

The Frigg field is situated in blocks 25/1 and 30/10
in the Norwegian sector and blocks 10/1, 9/5 and 9/
10 in the UK sector (Figure 2.5.8.a). The field has
been unitised with 60.82 per cent of gas reserves in
place being deemed to belong to the Norwegian
partners. By the same agreement, the remaining
39.18 per cent belong to the UK partners.
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In 1984 considerable, though uneven, water as-
cent was observed in parts of the field. Several wells
were drilled or deepened, and a lot of effort was
made to clarify the situation. It transpired that the
water is entering the reservoir from the southeast on
account of a discontinuous slate barrier there, and
flows laterally northward. This realisation, coupled
with certain other studies, caused the estimated re-
serves to be scaled down.

North of the DP2 installation is an undrained
zone into which an additional well has been drilled
so as to produce the remaining gas. Another well
has been drilled from DP2 into that part of the re-
servoir which is situated under CDP1 in order to de-
plete the remaining gas once CDP1 has shut down.

Production installations

Frigg was discovered in spring 1971 and declared
commercial a year later on 25 April 1972. The field
was developed in three phases, phase 1 comprising
production and processing installations in the UK
sector and a quarters platform (CDP1, TP1 and
QP). Production from these installations started on
13 September 1977.

Phase 2 comprises production and processing plat-
forms (DP2 and TCP2) in the Norwegian part of the
field. Production from these came on stream in sum-
mer 1978. See Figure 2.5.8.b for a map of the Frigg

Production
The Norwegian share of the total recoverable re-
serves is believed to be 110 bem gas.

installations.

Phase 3 of the Frigg development comprises the
installation of a ‘trio of turbine driven compressors
on TCP2, which are necessary to compensate for the
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Fig. 2.5.8.b
Installations in the Frigg area
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falling reservoir pressure. Commissioning of the
compressor plant was accomplished in autumn 1981.

Gas from Nordgst-Frigg, Odin and Ost-Frigg is
processed and metered on Frigg. New modules for
processing of gas and condensate from these satellite
fields have been emplaced on TCP2. Export of gas
from Alwyn North in the UK sector flows through
TP1.

TP1 has been converted from a processing facility
to a riser platform. TCP2 has been modified to
adapt the compressor plant to changing pressure
conditions and reduced gas volumes. In addition,
one of three process trains on TCP2 has entered ser-
vice.

Transportation
The gas is transported 355 km to St Fergus in Scot-
land through twin 813 mm diameter pipelines. In

that was necessary to make room for the Odin field
gas. Now, because the requirement for transporta-
tion capacity is reduced, the compressors have been
retired.

Metering system — Frigg area

Supervision of the metering systems on Frigg,
Alwyn North and St Fergus is carried out in con-
junction with the UK Department of Energy. This
combined supervision extends to the Norwegian
fields: Nordgst-Frigg, Ost-Frigg and Odin; the sum
of these fields’ production being deducted from the
total measured quantity flowing into the St Fergus
pipeline. The aim is to determine the quantity origi-
nating from the Frigg field.

Costs
The estimated total investments in the Norwegian

order to increase line capacity, two compressor tur-
bines, each rated at 38,000 bhp, were installed on
the compressor platform MCP-01 in 1983, halfway
between Frigg and Scotland in a capacity upgrade

sector of the Frigg field are about 19.5 billion 1991
kroner over the lifetime of the field. Investments:in
the transportation system come on top of this figure.
The estimated total operating costs over the lifetime
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of the field are in the region of 9.7 billion 1991
kroner.

2.5.8.2 Ost-Frigg
Production licence 024 (block 25/1) and production
licence 026 (block 25/2), see Figure 2.5.8.a:

Licensees

Elf Aquitaine Norge A/S 41.4200 %
Norsk Hydro Produksjon a/s 32.8700 %
Total Norge A/S 20.7100 %
Den norske stats oljeselskap a.s 5.0000 %

Production licence 112 (previously relinquished part
of block 25/2, re-allocated in 1985):

Licensees

Den norske stats oljeselskap a.s 50.0000 %
Elf Aquitaine Norge A/S 21.8000 %
Norsk Hydro Produksjon a.s 17.3000 %
Total Norge A/S 10.9000 %

Dst-Frigg Alfa was discovered in 1973 and Dst-Frigg
Beta the year after. Both structures extend into
blocks 25/1 and 25/2 -and marginally into the area
previously relinquished. The reserves are split with
95.129 per cent in production licences 024 and 026,
and 4.871 per cent in production licence 112. The
field was declared commercial in August 1984 and
the landing application considered by the Norwe-
gian Storting on 14 December the same year. Pro-
duction commenced in August 1988 and the sale of
gas on 1 October 1988.

Production

The Ost-Frigg field consists of the two principal
structures, Alfa and Beta, formerly known as @st-
Frigg and Sgrgst-Frigg, respectively. They are part
of the same pressure system as the Frigg field, and
the gas is therefore sold to the British Gas Corpora-
tion (BGC) under the existing sales agreement.

The recoverable gas reserves were originally esti-
mated at 8 bem in Alfa and S bcm in Beta, or 13 bem
in all. However, production on Frigg has brought
about substantial reduction in pressure and receding
liquid contacts on @st-Frigg, plus gas leakage
amounting to about 6.4 bem from the Alfa struc-
ture. On the other hand the deep saddle in the west-
ern part of the Beta structure has prevented gas mi-
gration from there to Frigg. In both structures, some
gas is trapped in zones already drained, and the re-
serve estimates have therefore been revised down-
ward to 8.2 bem (total); with 5.1 bemin Alfa and 3.1
bem in Beta.

It is because of these problems that a third well
was drilled on the Alfa structure, coming on stream
in 1989.

The forecasted final year of production is now

Production installations

The Dst-Frigg development is based on subsea com-
pletion technology: Two templates for the produc-
tion stations and a central manifold station tying the
systems together were emplaced on the seabed in
summer 1987.

These subsea production systems are remotely
controlled from the Frigg control room. From the
manifold a gas and service line runs to TCP2 where
the gas is processed and fed into the Frigg field
transportation system.

In connection with this development, modifica-
tions also had to be made on the Frigg field before
start-up in order to support receipt of the gas.

Costs

The estimated total investments in the field are
about 2.6 billion 1991 kroner. The estimated total
operating costs over the lifetime of the field are 531
million 1991 kroner.

2.5.8.3 Nordgst-Frigg
Production licence 024 (block 25/1)
Licensees

Elf Aquitaine Norge A/S 41.4200 %
Norsk Hydro Produksjon a.s 32.8700 %
Total Norge A/S 20.7100 %
Den norske stats oljeselskap a.s 5.0000 %
Production licence 030 (block 30/10)

Licensees

Esso Norge a.s 100 %

Statoil is entitled to 17.5 per cent of the net profit
before tax.

The Nordgst-Frigg field lies in blocks 25/1 and 30/
10 (Figure 2.5.8.a) where a redistribution of the gas
reserves in August 1984 assigned 42 per cent to the
former and 58 per cent to the latter. Elf Aquitaine
Norge A/S operates the field.

Production
The total recoverable reserves in place on Nordgst-
Frigg are believed to be 11.8 bem gas.

Sale of gas from Nordgst-Frigg started on 1 Octo-
ber 1980 by virtue of pre-delivery from Frigg. Since
production started up in December 1983 Nordgst-
Frigg has been reinstating this gas in addition to vo-
lumes delivered on behalf of Frigg and own contract
volumes. In order to achieve a longer-range sales
profile it was proposed to continue deliveries from
Frigg after production shutdown on Nordgst-Frigg.

Pressure measurements made before production
start-up showed that the reservoir communicates
with the Frigg field via the underlying aquifer. Al-
though the field is expected to cease production in
1992-93, sales will continue until 30 September
1993.

1994, compared with the year 2002 originally
planned. The reason is not just the decline in esti-
mated reserves, but also the greater rate of produc-
tion on the field.

Production installations
The Nordgst-Frigg gas field was discovered in 1974
and the final development plan passed in 1980. The
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field has been developed with six wells drilled
through a subsea template (Figure 2.5.8.b).

The template also supports a manifold in addition
to the wellheads and valve trees the purpose of
which is to gather the gas from the six wells. The gas
is led through a 406 mm diameter pipeline to the
Frigg field for processing. Each of the valve trees is
controlled by discrete service and control lines from
the Frigg control station, an articulated column
structure located 150 metres from the wellheads.
The control station was installed in July 1983 and is
remotely controlled from Frigg itself. The plan for
removal of the Nordgst-Frigg installation was sub-
mitted to the authorities on 30 August 1991.

Costs

The estimated total field investments are roughly 2.7
billion 1991 kroner, while total operating costs are
expected to run to about 646 million 1991 kroner.

2.5.8.4 Odin
Production licence 030
Licensees

Esso Norge a.s 100 %
Statoil is entitled to 17.5 per cent of net profit before
tax. The Odin field lies in block 30/10 (Figure
2.5.8.a) and is operated by Esso. This gas field was
proven in 1974 and the field development plan
adopted in 1980.

Production
The estimated total recoverable reserves in place are
29.3 bem gas.

Gas sales from Odin were initiated on 1 October
1983 through the pre-delivery arrangement with
Frigg. Since production start-up in April 1984, Odin
has been reinstating the pre-delivered volumes in
addition to delivering own contract quantities.

Pressure readings taken before production start-
up showed that the Odin field communicates with
Frigg through the underlying water zone. The Odin
reservoir is losing pressure faster than the other
Frigg area fields due to its very limited aqua-drive.

In spring 1990, the operator detected water pene-
tration in the field’s southernmost well. It was ex-
pected that water penetration would occur in this
well first, but it happened rather earlier than antici-
pated. New studies show that both the remaining re-
serves and the lifetime of the field will be somewhat
curtailed.

Production installations

The field development concept involves a small steel
jacket structure with relatively modest processing
and drilling facilities and comparatively small quar-
ters (Figure 2.5.8.b). This concept was feasible be-

gas and inject methanol for hydrate control pur-
poses. The gas is then sent by pipeline to the TCP2
platform on Frigg for further processing before be-
ing exported through the Norwegian Frigg line to St
Fergus.

Costs

The estimated total investments in the field are
about 3.9 billion 1991 kroner. The total operating
costs over the lifetime of the field are estimated to
be about 2.4 billion 1991 kroner.

2.5.9 Oseberg area

2.5.9.1 Oseberg

The Oseberg field extends into two blocks: block 30/
6 in production licence 053 allocated in 1979, and
block 30/9 in production licence 079 which was alio-
cated in 1982. See Figure 2.4.4.a.

Licensees
Those parts of the production licences which cover
Oseberg have been unitised over the two licences.
The partners have assumed a provisional apportion-
ment of the reserves with 60 per cent in block 30/6
and 40 per cent in block 30/9. Statoil’s equity in Ose-
berg increased relative to the foreign partners when
the sliding scale was exercised. The latest increase
was on 1 April 1988 in connection with approval of
the revised plan for development and operation.
The partners in the unitised Oseberg field are as
follows (from 1 April 1988):

Den norske stats oljeselskap a.s 65.0400 %
Norsk Hydro Produksjon a.s 13.7500 %
Saga Petroleum a.s 8.6100 %
Elf Aquitaine Norge A/S 5.6000 %
Mobil Development Norway A/S 4.2000 %
Total Norge A/S 2.8000 %

Production

The first discovery on Oseberg was made in 1979
which proved gas. Later evidence showed that the
reservoir is an oil bearing stratum with a gas cap.
The commerciality declaration was submitted to the
Ministry in June 1983 ‘and the Storting dealt with the
development application in the spring session 1984.
A revised plan for development and operation was
approved in January 1988, its main revision being
the accelerated development of the northern part of
the field (phase 2) and an increased output from the
field centre in the south.

In November 1987, Hydro submitted a revised
plan for development and operation of Oseberg.
The Oseberg C installation has been upgraded from
a satellite unit to an integrated production, drilling
and quarters (PDQ) platform making use of a sup-
port vessel during the drilling phase. Production

cause a standby vessel was employed for two years
in connection with installation work and production
drilling operations.

The Odin facilities separate the water from the

start-up was brought forward from 1995 to Decem-
ber 1990. During 1988 it became obvious that this
plan was too ambitious and production start-up on
Oseberg C was put back to October 1991.
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Increased reserves in the northern part of the field
have occasioned plans to lay a muiti-phase flowline
from the C platform to the field centre. This line will
result in optimal production and improved exploita-
tion of the processing capacity at the field centre.

In order to understand the Oseberg reservoir bet-
ter, a long-term test program was initiated in
autumn 1986 using the production testing vessel Pe-
trojarl I. These production tests were terminated in
spring 1988.

Ordinary production started to flow in December
1988 through a total of 10 wells (of which eight were
producers and two gas injectors) from the field cen-
tre. As all 10 wells had been pre-drilled full produc-
tion was soon reached, although teething troubles
caused much of the initial gas to be flared off. These
setbacks were largely overcome during the year and
flaring assumed a normal level towards the end of
1989.

Estimated total oil recovery from the field is
about 226 mcm. This gives a mean recovery factor
close to 50 per cent. Even though the factor is al-
ready relatively high, there are good opportunities
for increasing oil production from the field even fur-
ther.

Oseberg does not contain sufficient gas for the op-
erator to maintain pressure by reinjection of the gas.
Therefore a subsea production unit, Troll-Oseberg
Gas Injection, has been fabricated and installed on
the Troll field with a pipeline from Troll to the Ose-
berg field centre. The TOGI unit will supply some
25 bem gas over a 12 year period starting in 1991. In
connection with the acceleration of the Oseberg 2
development, the operator is planning to obtain fur-
ther injection gas from a satellite field, Gamma
Nord, on the western flank of Oseberg. From this
structure about 4 bem gas will be injected over an
eight-year period from start-up of the Oseberg C
platform. Most of the injected gas can be recovered
during the gas production phase on Oseberg which
is expected to last from year 2003 to about 2017.

Chemical flooding

On account of the plans for water injection to pro-
vide the drive mechanism for the main Alfa struc-
ture reservoir, it was decided to implement a project
aimed to examine the viability of enhancing recov-
ery by the addition of surfactants to the injection
water. This project has continued despite the selec-
tion of gas injection for the Alfa enhancement,
though now with the Alfa-Nord reservoir as the tar-
get where water injection is the preferred driver.

In 1991, the project directed a lot of energy to de-
fining the optimum surfactant system and to identi-
fying what opportunities exist for running a pilot in-
jection project on a limited portion of the reservoir.

The plans are first to run a simple single-well test

Production installations

Oseberg developed involves two phases. Phase 1
was developed with a field centre in the south com-
prising two installations, Oseberg A which is a pro-
cess and quarters platform on a gravity base, and
Oseberg B which is a drilling and waterflood plat-
form on a steel jacket. The middle portion of the
field will be depleted using two subsea completion
wells tied in to the field centre. Production start-up
occurred on 1 December 1988 on the Oseberg field
centre, which has a mean crude processing capacity
of about 50,000 scm a day.

Phase 2 involves development of the northern
part of the field. In the revised Oseberg plan the C
installation has been upgraded from a satellite unit
to an integrated production, drilling and quarters
(PDQ) platform employing the services of a support
vessel during the drilling phase. Production start for
Oseberg C was 2 September 1991. The mean crude
processing capacity is 14,300 scm a day.

For a diagram of the installations, see Figure
2.5.9.

Transportation

A pipeline for transportation of stabilised oil from
Oseberg to Sture, north of Bergen, was laid in sum-
mer 1987. This 711 mm diameter line has a capacity

Fig. 2.5.9
Existing and planned installations on Oseberg

Gas from TOGI

! Dil pipeline

\/ 10 Norway
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using both chemicals and tracers in order to gain ex-
perience with the field before initiating a major pilot
project. Such a test was scheduled for execution in
1991 but has been postponed until spring 1992.
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of 95,000 scm oil a day. The greatest water depth
this line reaches is about 350 metres.

The plant including the Sture terminal is owned
and operated by a joint venture, I/S Oseberg Trans-
port System, whose partners are identical with the
Oseberg partners. The pipeline operator is Hydro,
who also operates the terminal. The OTS entered
service when Oseberg came on stream and com-
prises the following main elements:

- Pipeline support functions on Oseberg A
— Subsea pipeline

- Landing point

— Onshore pipeline

— Terminal.

In the present plans the gas export from Oseberg
will commence in year 2002. The gas has not been
sold and no decision has been made how to export it
from Sture.

Metering system

The oil metering system on Oseberg A and the Sture
I export metering station were commissioned in De-
cember 1988. The Sture II export metering system
has been in operation since mid-year 1989.

All three metering systems were calibrated in the
course of 1991. The metering system for Oseberg C
was tested and entered service at the time of produc-
tion start-up in the middle of September 1991.

The gas metering system for injection gas pur-
chased from Troll’s TOGI system was tested in De-
cember 1990 and commissioned by the time of pro-
duction start-up in early 1991.

Flaring

The volume of flared gas on Oseberg A is about
120,000 scm a day on average. This corresponds to
some 1.6 per cent of the associated gas produced
and constitutes about 60 per cent of the maximum
volume permitted to be flared off.

Costs

By year end 1991 some 37 billion 1991 kroner had
beeninvested in the Oseberg field. The final total is
expected to be about 41.9 billion 1991 kroner. The
total operating budget is expected to reach about
41.2 billion 1991 kroner by year end 2011. These
costs do not include the Oseberg Transport System
(see below).

Costs for Oseberg Transport System

The total investment in OTS is about 4.6 billion
1991 kroner. Predicted operating costs are about 3.7
billion 1991 kroner up to the end of year 2000.

2.5.9.2 Gamma Nord

Production licence 053
Licensees

Den norske stats oljeselskap a.s 59.4000 %
Norsk Hydro Produksjon a.s 12.2500 %
Elf Aquitaine Norge A/S 9.3330 %
Saga Petroleum A/S 7.3500 %
Mobil Development Norway A/S 7.0000 %
Total Norge A/S 4.6670 %

Production
The Gamma Nord structure is situated west of the
Oseberg field and is an inclined fault block whose
hydrocarbon bearing strata are part of the Statfjord
formation. A layer of rich, coal bearing slate divides
the Statfjord formation into an upper and a lower
reservoir zone. Two wells have been drilled in Gam-
ma Nord, one exploration well and one horizontal
production well where a pilot hole was drilled be-
fore the horizontal section was drilled. The pilot
hole also proved hydrocarbons in the lower reser-
voir zone. Hydrocarbons were proven in 1984 and
the field entered production in October 1991.

Gamma Nord is a gas field, though with a thin oil
zone. A horizontal well was selected in order to re-
cover as much of the oil as possible before depleting
the gas. All of the gas will be used as injection gas
for the Oseberg field. Oil production is estimated at
some 0.53 mcm while gas production is some 3.85
bemi.

The drilling of one further well on Gamma Nord
is being considered and a revised plan for develop-
ment and operation will be available early in 1992.

Production installations

Gamma Nord is developed by means of a seabed
completion well feeding to Oseberg C for process-
ing.

Metering system
The oil and gas metering system entered service si-
multaneously with production start-up in the middle
of October 1991.

2.5.10 Veslefrikk
Production licence 052
Licensees

Den norske stats oljeselskap a.s 55.0000 %
Total Norge A.S 18.0000 %
Deminex (Norge) A/S 11.2500 %
Norsk Hydro Produksjon a.s 9.0000 %
Norske Deminex A/S 4.5000 %
Svenska Petroleum Exploration A/S 2.2500 %

Veslefrikk lies in the southeast of block 30/3 which
was allocated in 1979, with Statoil as operator. Four
exploration wells have been drilled in the block and
two in the Veslefrikk structure itself.

Gamma Nord is situated in block 30/6 covered by
production licence 053 allocated in 1979. The field is
included in the revised development plan for the
northern part of the Oseberg field.

The commerciality declaration was submitted to
the partners in November 1986; while the plan for
development and operation was submitted in Febru-
ary 1987 and approved by the Storting in 1987. An
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updated field report, written after pre-drilling of six
production wells, was submitted in September 1989.
The field started production on 26 December 1989.

Production

The Veslefrikk field makes up the highest part of a
slightly arched structure with downfaulted areas on
all sides. Commercially recoverable reserves are
found in two levels, in the Brent group (lower and
middle part) and Intra Dunlin Sand. The estimated
total recoverable reserves in place in Veslefrikk are
36.4 mcm crude oil and 3.1 bem associated dry gas.
Additional resources have been proven in the upper
Brent (Tarbert) and Statfjord formations, but these
resources have so far not been declared commercial.
‘Both in Intra Dunlin Sand and the lower Brent
(Oseberg) formation, calcite cementation occurs to
a varying degree. Faults break the field into four re-
gions.

Production from the field is by means of water in-
jection. However, delayed start-up of water injec-
tion and problems of availability have resulted in
somewhat lower than anticipated production since
February 1991. Enhanced injection capacity and
plans to upgrade show signs of giving positive pres-
sure development and stable production. Water al-
ternating gas injection has also been considered. Si-
mulations show that WAG injection can materially
boost production. However, the peak effect is highly
sensitive to the pressure conditions in the reservoir.

" Reservations about the field reservoir are closely
linked to geological uncertainties. Lack of control of
the distribution of carbonate cementing gives cause
for uncertainty ‘with regard to injectivity in various
areas of the field. It is also uncertain to what extent
cemented horizons form vertical barriers. In addi-
tion, there is doubt whether there is any communi-
cation across faults and between individual reservoir
zones in middle Brent.

Production installations
The field has been developed with a fixed welthead
installation with a steel jacket and a semi-submersi-
ble platform containing the processing facilities and
living quarters. The wellhead unit is emplaced above
a template with six pre-drilled wells. The semi-sub-
mersible, formerly the West Vision drilling rig, is
moored and hooked up to the fixed wellhead unit.
The Veslefrikk production facilities have returned
95 per cent availability. Water injection was initi-
ated in spring 1991.
See Figure 2.5.10 for Veslefrikk installations.

Transportation

An oil pipeline is connected to the Oseberg Trans-
port System for transport of the Veslefrikk oil to the
Sture terminal. Gas is carried through the Statpipe

interim agreement has been struck with Heimdal for
intermediate storage of produced gas from Vesle-
frikk.

Fig. 2.5.10
Installations on Veslefrikk
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Metering system

The metering station for oil entered service on Ves-
lefrikk at year end 1989. Gas metering commenced
in May 1990.

Costs

Estimated total investment and operating costs over
the lifetime of the field are 8.0 billion and 11.8 bil-
lion 1991 kroner, respectively.

2.5.11 Gulifaks
Production licence 050
Licensees

Den norske stats oljeselskap a.s 85.0000 %
Norsk Hydro Produksjon a.s 9.0000 %
Saga Petroleum a.s 6.0000 %

Gulifaks lies in the northeastern part of block 34/10
and covers an area of about 200 square kilometres.
Figure 2.5.11.a shows the location. Gullfaks was dis-
covered in 1978. Due to the phased development
concept, separate field development plans for phase
1 and 2 were adopted in 1981 and 1985, respectively.
The phase 1 development embraces the A and B in-
stallations, while the C installation covers phase 2.
Production from the field started to flow in Decem-
ber 1986.

Production

””””””””””” —systent.~The-gas-has not yet-been sold; although-an——Gullfaks is-arelatively shallow-accumulation-and- has——————

fault groups in several angled and rotated fault
blocks. The reservoir rock is Jurassic sandstone. The
blocks vary in slope and are in some places heavily
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Fig. 2.5.11.a
The Gullfaks, Statfjord and Snorre area
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eroded. The structural features in the eastern sec-
tion are difficult to identify due to the poor seismic
readings obtained. The complex geological makeup
of the field was confirmed during the production
drilling, when several quite surprising fault patterns
turned up. However, these faults are not as sealing
as first supposed.

The reservoir phases 1 and 2 are segregated by a
north-south fault. A certain degree of communica-
tion has been ‘proven in the northern part. Fault
lines more than 1000 metres apart limit the field in
the south, east and northeast.

The reserves are dispersed in the Brent group,
Cook formation and Statfjord formation, although
over 80 per cent are in Brent. The operator re-esti-
mated the reserves in 1991, resulting in a small de-
crease in oil in place and different distribution in the
various accumulations. However, the estimated to-
tal recoverable volume of oil is still 230 mcm, 61 per
cent of which is in phase 1 and 39 per cent in phase
2. Phase 2 production started in December 1989.

By year end 1991 the cumulative production was
63.18 mcm oil and the cumulative injection 70.29
million cubic metres of water. Currently, about
69,000 scm oil is lifted from the field on a daily ba-
sis. The 1991 production was somewhat higher than
forecast, mainly as a result of more wells, high regu-

the years 1992-94, later to be stepped down grad-
nally until production ceases in 2006.

The drive mechanism in the field is primarily wa-
ter injection, although alternative methods of in-
creasing the recovery factor are also being consid-
ered and tested. Pilot studies employing WAG (wa-
ter alternating gas) injection and a one-well test with
tenside injection as well as the drilling of horizontal
wells started in 1991. The injection of thin gel is also
considered a plausible recovery strategy on Gull-
faks. New well completion and stimulation methods
have been tested with encouraging results.

Production installations

Phase 1 comprises two installations, Gulifaks A and
B, which are both Condeep type gravity base plat-
forms with steel frame topsides. See Figure 2.5.11.b.
The C installation in phase 2 is essentially a copy of
Guilfaks A. All three are fully integrated process,
drilling and quarters platforms, although Gullfaks B
has a simplified process train with only first-stage se-
paration.

Gullfaks A is located in the southern part of the
field where production commenced on 21 December
1986. The process capacity is 52,000 scm oil and
70,000 cubic metres water a day from early 1992.
Gullfaks A water injection capacity is 75,000 cubic

larity, successful intervention and active follow-up
of well control criteria. Problems with water and
sand production are still a limiting factor. The field
as a whole is expected to produce at plateau rate in

metres a day. At year end the platform counted 25
production wells and eight water injection wells, of
which six were completed subsea.

Gullfaks B is located in the northwestern part of
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Fig. 2.5.11.b
Installations on Gullfaks
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the field and came on stream on 29 February 1988.
Its process capacity is 31,000 scm oil and 30,000 cu-
bic metres water a day. Oil from Gullfaks B is trans-
ferred to Gullfaks A and C for further processing
and storage. A separate water injection system was
installed on Gullfaks B in 1991, with a capacity of
30,000 cubic metres a day. In addition, injection wa-
ter can be transferred from Gullfaks C. At year end,
11 production wells and seven water injection wells
had been linked up to Gullfaks B.

Gullfaks C is located in the eastern part of the
field and will produce the Gullfaks field’s phase 2 re-
sources. Operations started with oil transferred
from Gulifaks B on 4 November 1989. Production
from its own well started around year end 1989. Pro-
cess capacity on the installation is 39,000 scm oil and
30,000 cubic metres water a day, and up to 60,000
cubic metres water can be injected on a daily basis.
At year end the installation had six production wells
and two water injection wells.

Metering system and transportation

Both Gullfaks A and C have storage cells in which
to store the stabilised oil, which is metered and ex-
ported via loading buoy to tankers. Processed gas is
subject to continual fiscal metering on A and C be-
fore being exported into the Statpipe system.

Flaring

Costs

Estimated total investment costs and operating costs
over the lifetime of the field are 62.5 billion and 52.0
billion 1991 kroner, respectively.

2.5.12 Statfjord

Production licence 037
Licensees

Norwegian share (85.23869 %)

Den norske stats oljeselskap a.s 42.619345 %

Mobil Exploration Norway Inc 12.785804 %
Norske Conoco A/S 8.523869 %
Esso Norge a.s 8.523869 %
A/S Norske Shell 8.523869 %
Saga Petroleum a.s 1.598225 %
Amoco Norway Oil Company 0.887903 %
Amerada Hess Norge A/S 0.887903 %
Enterprise Oil Norway A/S 0.887903 %
British share (14.76131 %)
Conoco (UK) Ltd 4.920437 %
BP Petroleum Development

of Norway A.S 5.920437 %
Chevron UK Ltd 5.920437 %

Production licence 037 was allocated in 1973 and
covers blocks 33/9 and 33/12 (Figure 2.5.7.2). The
Statfjord field extends into the UK sector where
Conoco is the operator. The field was discovered in
spring 1974 and declared commercial the same year.
Mobil was operator on the field until 1 January 1987
when Statoil assumed operatorship. Statfjord is
Norway’s largest oil field.

The Statfjord field partners have now concluded
the protracted process of redistributing the field be-
tween Norway and the UK. Pursuant to existing
agreements, disputes regarding the interpretation of
certain points should be settled by an independent
expert. The final expert decision on redistribution of
the field was available in August 1991, resulting in
an increase in the Norwegian share by 1.14547 per
cent to 85.23869 per cent. However, the new distri-
bution figures have not yet been approved by the
authorities of the two countries.

Production

The total recoverable reserves of oil were upgraded
in 1990 to an estimated 531.5 mcm, the comparable
figure for associated dry gas being 60.0 bem, and for
NGL 18.6 million tons. The recovery strategy pur-
sued is based on maximising the production rates
and recovery factor by manipulating the pressure
conditions in the reservoirs. This is achieved by in-
jection of water in the Brent group and gas into the
upper part of the Statfjord reservoir. A gas cap has
now developed at the top of the Statfjord reservoir,
which has resulted in an increase in the gas-to-oil ra-

The Gullfaks gas flaring reports for 1991 show that
260,000 scm were discharged a day. This is 4.5 per
cent of gas production and 66 per cent of the per-
mitted flare limit.

tio in many producers in this reservoir: Imthellower —————

part of the Statfjord reservoir the operator is now
planning for water injection.
In order to better exploit the remaining reserves
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in place the operator has formulated a revised pro-
duction strategy for the field in so far as utilisation
of the wells is concerned. The strategy involves
more wells than originally planned, plus extensive
re-use of the wells in several reservoir zones. Using
horizontal and long-range high-deviation bores is
also part of the strategy. So far, a couple of horizon-
tal wells have been drilled in the Statfjord reservoir
and long-range high-deviation or horizontal wells
have been drilled in the geologically more complex
parts of the field in the east and north.

Studies were performed in 1991 to examine how
modifications to the installation, such as increased
water treatment capacity, can improve reservoir ex-
ploitation. Furthermore, a plan for exploitation of
the Dunlin reservoir has been under preparation.
This reservoir has a limited volume of resources
compared to the Brent and Statfjord reservoirs.

A study programme into relevant advanced oil re-
covery methods is currently ongoing and may lead
to a pilot project on the field.

Production installations

The Statfjord field has been developed in three
phases using three fully integrated platforms, Stat-
fjord A, B and C. See Figure 2.5.12.

Fig. 2.5.12
Installations on the Statfjord field

Statfjord A

The Statfjord A installation is situated near the cen-
tre of the Statfjord field. It is a fully integrated plat-
form with concrete gravity base consisting of 14 stor-
age cells and three columns. The topsides are of
steel. The production capacity is 55,000 scm a day
split between two production trains. In 1988, the
water treatment system capacity was upgraded in
order to handle the increasing produced water volu-
mes from the various wells. The water treatment ca-
pacity will be upgraded even further in the near fu-
ture. The platform started production on 24 Novem-
ber 1979 and has been developed with 37 wells, 23
being oil producers, 10 water injection wells and
four gas injection wells. In 1986, a new type of off-
shore loading buoy was installed for Statfjord after
the original one had to be decommissioned and re-
moved due to extensive mechanical malfunctioning.
The new buoy has an offloading capacity of about
5000 scm an hour compared to the former buoy’s
approx 8000 scm an hour. As the Snorre develop-
ment was resolved in 1988 with connections to Stat-
fjord A, this means that the facilities on this installa-
tion will be better utilised from 1992 than would
otherwise have been the case.
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Statfjord B

The Statfjord B platform is located in the southern
part of the Statfjord field. Again it is a fully inte-
grated platform with concrete gravity base, this time
combining 24 storage cells and four columns. Again,
too, the topsides are of steel. Production capacity is
39,800 scm a day from one production train. Here
too, it has been necessary to upgrade the water
treatment capacity in order to deal with the increas-
ing ‘water cut from the various wells. Statfjord B
came on stream on 5 November 1982 and has been
developed with 32 wells: 22 oil producers, eight wa-
ter injection wells and two gas injection wells. In
1988, serious mechanical problems were discovered
on the original Statfjord B loading buoy, and in 1989
it was decided to replace it with a new version simi-
lar to the Statfjord A successor. This new offshore
loading buoy entered service in autumn 1990. It has
the same capacity (8000 scm an hour) as the buoy it
replaced.

Statfjord C

The Statfjord C platform, situated in the northern
part of the Statfjord field, is another fully integrated
installation, structurally identical to Statfjord B.
Statfjord C’s water treatment capacity was also up-
graded in 1988. A further increase in water treat-
ment capacity will be required also here. The plat-
form came on stream on 26 June 1985 and has 38
wells: 28 oil producers, eight for water injection and
two gas injection wells. It has been decided to de-
velop the Statfjord Nord and Statfjord Se¢r satellites
as subsea installations with associated processing on
Statfjord C. This means that the treatment capacity
for the facilities on this platform can also be used
from the end of 1993.

Transportation

Statfjord gas is transported via the Statpipe pipeline.
The UK takes off its part of the gas through the
Northern Leg Gas Pipeline via a 305 mm link from
Statfjord B. Stabilised oil is stored in storage cells
before being shipped into shuttle tankers.

Metering system
The fiscal oil and gas metering systems for Statfjord
A, B and C operated steadily throughout the year.

For several years observations on Statfjord B and
C have shown that there are liquids in the gas phase
being measured, which causes the instruments to un-
derestimate the gas flow. The difficulty has now
been rectified by physical modification of the pro-
cess and chemicals injection systems.

During the last year liquids have been observed in
the gas phase passing through the metering station
at Statfjord A. The same measures as were taken on
B and C are now being planned to rectify the situa-
tion on Statfjord A.

age. This is equivalent to 1.0 per cent of gas produc-
tion and represents 63 per cent of the maximum per-
mitted flare volume.

Costs

The total investments in Statfjord up to year 2010
are estimated at about 62.5 billion 1991 kroner. The
estimated total operating costs up to the same date
have been put at 73.6 billion 1991 kroner. These fig-
ures refer to the Norwegian share.

2.5.13 Murchison
Licensees
British share (77.8 %)

Conoco (UK) Ltd 25.9334 %
Oryx UK Energy Company 25.9333 %
Chevron UK Ltd 25.9333 %
Norwegian share (22.2 %}

Den norske stats oljeselskap a.s 11.1000 %
Mobil Exploration Norway Inc 3.3300 %
Norske Conoco A/S 2.2200 %
Esso Norge a.s 2.2200 %
A/S Norske Shell 2.2200 %
Saga Petroleum a.s 0.4162 %
Amoco Norway Oil Company 0.2313 %
Amerada Hess Norge A/S 0.2313 %
Enterprise Oil Norway A/S 0.2312 %

The Murchison field, proven in August 1975, is situ-
ated in block 211/19 in the UK sector and block 33/9
in the Norwegian sector (Figure 2.5.11.a). Th¢ Nor-
wegian share is 22.2 per cent. The development of
the Murchison field was initiated in 1976 by the UK
partners. In 1979, the British and Norwegian part-
ners entered into an agreement for joint exploitation
of the Murchison field. Production started in 1980.

Production

The estimated recoverable reserves for the field as a
whole are 57 mem oil and 1.2 bem gas in the Brent
group. The field has been flowing at almost maxi-
mum fluid processing capacity since 1981, and the
water treatment capacity has been upgraded several
times. 1984 was the last year of plateau production.
Water break-through has occurred in all of the origi-
nal production wells, with a high cut of water. Ac-
cording to a plan prepared in 1987 several new wells
have been drilled in recent years, including long-
range high-deviation wells towards the flanks of the
field. Studies have also been made into re-use of
existing wells in various reservoir zones. These
measures help improve resource exploitation.

Production installations
Murchison was developed with an integrated steel
jacket structure with a production capacity of 26,200

Flaring
The gas volume exhausted through the flare stacks
on Statfjord in 1991 was 250,000 scm a day on aver-

stream on 28 September 1980 and initially produced
from two subsea completion wells. Present produc-
tion is around 6000 sem oil a day.
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Fig. 2.5.13
Installation on Murchison
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Transportation

The Norwegian government by Royal Decree of 24
September 1982 gave the go-ahead for landing of
the Norwegian part of the Murchison gas via the
Northern Leg Gas Pipeline to the Brent field in the
UK sector, and thence to St Fergus in Scotland
through the Far North Liquified and Associated Gas
Gathering System, FLAGS. Gas deliveries started
flowing through the NLGP on 20 July 1983. The
Murchison crude oil is carried by pipeline to Sullom
Voe in the Shetland Isles. Murchison has been shut
down for long periods of time in the last couple of
years due to various forms of maintenance work on
the transportation systems.

Metering system

Inspection of the metering system operation is car-
ried out each year jointly with the UK Department
of Energy.

Flaring

The quantity of gas reported diverted through the
Murchison flare stack was roughly 124,000 scm a
day in 1991, approx 27,000 scm being the Norwegian
share.

approx 2.6 billion 1991 kroner. These figures refer
to the Norwegian share (22.2 per cent).

2.6 TRANSPORTATION SYSTEMS FOR GAS
AND OIL

2.6.1 Existing transportation systems _

There are three oil pipelines and four gas pipelines
which carry oil and gas from the Norwegian conti-
nental shelf to shore. See the sketch of the transport
systems for oil and gas in the Norwegian sector of
the North Sea in Figure 2.6.

The UK share of gas from Statfjord is carried via
the NLGP to St Fergus. The oil pipeline from the
Ekofisk area, including the Ula and Valhall lines,
runs to Teesside in the UK. Oil transportation from
Oseberg started late in 1988 and comes to Sture.
Condensate from Heimdal is taken to Cruden Bay
in the UK. This pipeline, which runs via Brae and
Forties, is primarily for British oil and condensate.
The Statpipe and Norpipe gas pipelines were tied to-
gether in 1986 and both lead to Emden in Germany.
Gas from Frigg is transported to St Fergus.

Gas transportation systems - Statpipe
The Statpipe gas transportation system involves the
following partners:

Den norske stats oljeselskap a.s 58.2500 %
Elf Aquitaine Norge A/S 10.0000 %
Norsk Hydro Produksjon a.s 8.0000 %
Mobil Development Norway A/S 7.0000 %
Esso Norge a.s 5.0000 %
A/S Norske Shell 5.0000 %
Total Norge A/S 3.0000 %
Saga Petroleum a.s 2.0000 %
Norske Conoco A/S 1.7500 %

Statoil was responsible for construction and is the
operator of the system which comprises:

— Wet gas pipeline from Statfjord to Karstg

— Separation and fractioning plant at Kérstg, plus
storage farm and loading facility

— Dry gas pipeline from Heimdal; dry gas pipeline
from Kérstg to riser platform in block 16/11; and
pipeline to riser platform at Ekofisk Centre.

Karstg

The first North Sea gas was landed to Karstg in
March 1985. The transport capacity from Statfjord
to Karstg is 8 bem wet gas a year. The Karstg pro-
cessing plant’s capacity has been upgraded to handle
this volume. The dry gas pipeline to the Ekofisk
Centre is capable of transporting 17 bem annually,
which is more than is required for Statfjord, Gulil-
faks and Heimdal, and allows for possible tie-in of
other fields at a later date. If an increase in the Stat-
pipe system is desired, a new compressor unit must

Costs

The predicted total investment in the Murchison
field up to 2005 is roughly 4.1 billion 1991 kroner.
The equivalent total operating costs are estimated at

be installed beside the 16/11-S riser platform. A
framework contract has been signed with Norpipe
A/S and the Phillips Group regarding use of the
Ekofisk Centre and pipeline to Emden.




NPD Annual Report 1991

Fig. 2.6
Pipelines for oil and gas from Norwegian fields in the North Sea
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The Statfjord, Heimdal and Gullfaks partners
have also concluded sales agreements for the gas
with buyers on the Continent.

K-lab is a facility for full-scale testing and de-
velopment of fiscal gas metering equipment. In
1991, the laboratory performed various tests of me-
tering equipment using natural gas under high pres-
sure as the test medium.

Metering system
Metering of the gas delivered from the Karstg termi-
nal was undertaken in compliance with the current
rules for gas metering.

Propane measurements are based on a dynamic
metering system. For butanes and naphtha dynamic
metering was introduced in summer 1990.

Gas transportation systems — Norpipe A/S

The pipeline transportation system for natural gas
from the Ekofisk Centre to Emden in Germany is
owned by Norpipe A/S, a limited company owned
50 per cent by Statoil and 50 per cent by the Phillips
Group.

Emden

The Emden terminal is owned by Norsea Gas A/S,
and the right to land in the Emden area by Norsea
Gas GmbH. Both these companies are owned by
the Phillips Group, on whose behalf Phillips Petro-
leum Norsk A/S acts as operator. The metering sta-
tionin Emden will be modernised in 1992.

Etzel gas terminal
Licensees

Den norske stats oljeselskap a.s 67.0000 %
Norsk Hydro Produksjon a.s 8.0000 %
A/S Norske Shell 8.0000 %
Esso Norge a.s 8.0000 %
Saga Petroleum a.s 4.0000 %
Elf Aquitaine Norge A/S 2.2985 %
Norske Conoco A/S 1.7015 %
Total Norge A/S 1.0000 %

Under the Troll gas sales agreement the sellers have
covenanted to deliver gas for up to 14 days in the ev-
ent of a shutdown for “non-technical reasons”. In
addition to ensuring this requirement can be met,
the terminal’s storage capacity will offer operational
advantages with respect to delivery availability, gas
quality equalisation, seasonal fluctuations from as-
sociated fields, and deliveries that can be upheld
during inspection and maintenance shutdowns.
Quantities to and from the store will be measured by
a new fiscal metering station operated by Phillips in
Emden. The store will be ready for gas filling
around the new year 1993 and will be operative in
autumn 1993.

Svenska Petroleum Exploration 15.0000 %
Den norske stats oljeselskap a.s 12.5000 %
Conoco Norway Inc 10.0000 %
K/S A/S Pelican 5.0000 %

Gas deliveries go via the Cod field to the Ekofisk
Centre. Oil from Gyda and Ula flow in a separate
pipeline to the Ekofisk Centre.

Gas transportation systems — Frigg
The Norwegian Frigg pipeline is owned by the Nor-
wegian Frigg partners. Their ownership interests
were revised in 1988 and are now:

Norsk Hydro Produksjon a.s 32.8700 %
Elf Aquitaine Norge A/S 26.4200 %
Den norske stats oljeselskap a.s 24.0000 %
Total Norge A/S 16.7100 %

The operator is Total Oil Marine UK.

The compressor platform MCP-01, midway be-
tween Frigg and St Fergus, is owned 50 per cent by
Norwegian interests. The compressors have been re-
moved from service since there is no longer any
need for them with the lower production from Frigg.
The partners are therefore planning to withdraw all
personnel from MCP-01 in order to cut operating
costs. This will have consequences for fiscal meter-
ing. Instead of measuring the overall quantity from
British fields that supply gas to the Frigg pipeline at
MCP-01, the apportionment will have to be based
on field metering.

St Fergus

This terminal is owned by the Norwegian Frigg part-
ners and UK Frigg partners (Elf UK 66 2/3 and To-
tal UK 33 1/3 per cent). The various processing mo-
dules on the terminal are owned either by one part-
ner group or by both. Total Oil Marine UK is the
operator.

Oil transportation systems — Norpipe A/S

The pipeline system for transportation of oil from
the Ekofisk Centre, Ula and Valhall to Teesside in
the UK is owned by Norpipe A/S, a limited com-
pany owned 50 per cent each by Statoil and the Phil-
lips Group.

Teesside

Ownership of the Teesside terminal facilities is split
between Norpipe A/S and the Phillips Group
through Norpipe Petroleum UK Ltd and Norsea
Pipeline Ltd. The operator is Phillips Petroleum
Company UK Ltd on behalf of Norpipe A/S and the
Phillips Group. Norpipe Petroleum UK Ltd is
owned 50 per cent each by Statoil and the Phillips
Group. Norsea Pipeline Ltd is owned by the Phillips
Group.

Gas transportation systems — Ula
Licensees
BP Petroleum Development

of Norway A.S 57.5000 %

Oil transportation systems — Oseberg

The pipeline and the terminal facilities at Sture are
owned and operated by a joint venture formed for
the purpose and called I/S Oseberg Transport Sys-
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tem. The venturers are the Oseberg partners. Hydro
operates the pipeline and terminal. The OTS came
on stream simultaneously with the Oseberg field,
and comprises the following elements:

— Pipeline support functions on Oseberg A
— Subsea pipeline

— Landing point

— Onshore pipeline

— Terminal.

The pipeline, of 711 mm diameter and capacity
95,000 scm a day, lies in water depths of up to 350
metres.

The OTS entered service in December 1988 and
the first export oil cargo was shipped on 20 Decem-
ber 1988.

Qil transportation systems — Veslefrikk

The oil pipeline from Veslefrikk to Oseberg A is 37
km long and 406 mm in diameter. It connects the
Veslefrikk field with the Oseberg Transportation
System thereby allowing Veslefrikk crude to be ex-
ported from the Sture terminal.

In order to sell the Veslefrikk gas a 24 km pipeline
of 255 mm diameter has been laid which ties in with
the Statpipe system at a tee-junction east of Ose-
berg.

2.6.2 Projected transportation systems

Zeepipe

Licensees

Den norske stats oljeselskap a.s 70.0000 %
Norsk Hydro Produksjon a.s 8.0000 %
A/S Norske Shell 7.0000 %
Esso Norge a.s 6.0000 %
Elf Aquitaine Norge A/S 3.2985 %
Saga Petroleum a.s 3.0000 %
Norske Conoco A/S 1.7015 %
Total Norge A/S 1.0000 %

Zeepipe is a gas transportation system which will
carry gas from Kollsnes in Pygarden to the Conti-
nent. Phase 1 of the project has been approved,
which includes a 966.4 mm pipeline from Sleipner to
Zeebriigge in Belgium and a 725 mm pipeline from
Sleipner to the 16/11-S riser platform. Phase 1 in-
cluding the terminal in Zeebriigge is under construc-
tion and will be ready to transport gas in 1993. Ca-
pacity without compression will be 13 bcm gas a
year.

Phase 2 studies are currently being performed. A
plan for the construction and operation for phase 2
is expected to be submitted in 1992. Phase 2 will in-
clude a pipeline to carry gas from Kollsnes to Sleip-
ner and the 16/11-S riser platform. The size and
route for phase 2 have not yet been decided.

Esso Norge a.s 6.0000 %
Elf Aquitaine Norge A/S 3.2985 %
Saga Petroleum a.s 3.0000 %
Total Norge A/S 1.0000 %
Norske Conoco A/S 1.7015 %

The general plan for the building of a third pipeline
to the Continent has been passed by the Storting.
The plan for construction and operation of Europi-
pe, however, which sets out the details, has not been
approved. Statoil’s plans are to build a 966.4 mm
pipeline running about 600 km from a new riser plat-
form 16/11-E (near 16/11-S) to Emden in Germany.
The system will be able to accommodate compres-
sion facilities about half way between .16/11-E and
Emden. Without compression the capacity will be 13
bcm gas a year. With compression the capacity can
be upgraded to-about 18 bcm gas a year. According
to plan Europipe will be operational from autumn
1995.

Haltenpipe

The Heidrun partners have updated their plans for
the likely alternatives for application of the gas from
this field. The partners recommend methanol pro-
duction as the best application alternative.

On the basis of the plans submitted previously
and the most recent recommendations from the
companies, the Ministry of Petroleum and Energy
submitted a Storting Report in autumn 1991 for
landing of gas from Heidrun, and possibly Draugen,
and the establishment of a methanol plant in Mgre
og Romsdal. These plans will be presented to the
Storting early in 1992.

The plans assume a 483 mm pipeline from Heid-
run to Tjeldbergodden, with a carrying capacity of
3.5-4.5 bem gas a year. Depending on other applica-
tion alternatives for the gas, other fields on Halten-
banken may be tied in to the pipeline at a later date.
According to plan the pipeline will be operational.in
the second half of 1996.

2.7 DECOMMISSIONING AND REMOVAL
The International Maritime Organization (IMO) in
autumn 1989 resolved international guidelines for
removal of installations on the continental shelf.

The question of if and when a coastal state should
be ordered to remove its installations from the con-
tinental shelf once their useful life expires is of enor-
mous importance to Norway. Removal of the instal-
lations on the Norwegian continental shelf will inevi-
tably be in almost all cases much more expensive
and technically complex than in other parts of the
world. At present, Norway has about 50 installa-
tions already producing petroleum or under plan-
ning or construction.

The estimated cost of complete removal of all in-
stallations is roughly Nkr 38 billion, see Figures

Europipe
Licensees
Den norske stats oljeselskap a.s 70.0000 %
Norsk Hydro Produksjon a.s 8.0000 %
A/S Norske Shell 7.0000 %

2.7.a and b, although of course this figure is highly
speculative. Under the legislation for removal of in-
stallations the State has to bear a considerable por-
tion of the costs of removal.
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Fig. 2.7.a

Estimate of accumulated removal costs on the Norwe-
gian shelf until 2020 given all installations are remo-

ved
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These are the main points in the IMO rules as
adopted:

— All installations whose use is finally over and
which are at a sea depth of less than 75 metres and
have a base (jacket) weighing less than 4000 tons
shall be removed;

— All installations deployed after 1 January 1998
whose use is finally over and which are at a sea
depth of less than 100 metres and have a base
(jacket) weighing less than 4000 tons shall be re-
moved;

— For other installations the question of removal will
be determined on the basis of the individual

Fig. 2.7.b
Final production and removal
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“another
field

CESSATION OF PRODUCTION

coastal state’s evaluation in each case. Said evalu-
ation shall weigh considerations of safety at sea,
other users of the sea, environmental impact and
life resources, the costs and safety hazards of re-
moval, alternative uses and other reasonable
grounds to allow the installation to remain in
place, wholly or in part;

~ Should a coastal state determine that an installa-
tion shall be removed to below the sea surface, a
free height of minimum 55 metres water shall be
left below the sea surface;

— Should a coastal state determine that an installa-
tion shall remain in place wholly or in part such
that it protrudes from the sea surface, satisfactory
maintenance shall be carried out to prevent disin-
tegration of the installation;

- After 1 January 1998 no installations shall be em-
placed which it is technically impossible to re-
niove.

The IMO’s international guidelines for removal of
installations highlight the need to draft further na-
tional rules of law addressing the removal question
in Norway. It must be emphasised that the IMO
rules should be considered more like guidelines —
they will not be legally binding on the states in-
volved. On the other hand, the rules will have con-
siderable moral force and it would be politically
reckless to ignore them.

The removal issue is becoming especially relevant
on the Norwegian continental shelf. In this connec-
tion the Petroleum Act Committee has been re-
quested to study and develop a national set of rules
for decommissioning and removal of installations on
the Norwegian continental shelf.

Complete
removal

__ Brought |
ashore
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3. Petroleum Resources

3.1 RESOURCES ACCOUNTING

Petroleum resources are non-renewable energy re-
sources comprising all technically recoverable oil
and gas quantities.

Resources accounts are summaries of the original
marketable petroleum quantities on the Norwegian
continental shelf and the amounts remaining to
date. Changes in the accounts from one year to the
next result from new discoveries, adjustments to es-
timates for existing discoveries, and reductions due
to production.

In 1991 the Directorate introduced a new system
of classifying resources. The new system is published
in NPD Contribution no. 31 and distinguishes be-
tween discovered and undiscovered resources, as
shown in Figure 3.1.a.

Discovered resources include fields and discover-
ies. Fields includes resources and reserves in fields
in production, adopted for development, or planned
for development. Reserves are the quantities of pe-
troleum which one plans to produce under the dec-
laration of commerciality. Additional resources are
the quantities that can be produced using one or sev-

eral enhanced recovery techniques not included in
the production plan.

Discoveries are proven and tested resources in
separate structures or separate stratigraphic levels.
This category includes recent discoveries being
evaluated, and discoveries which under present con-
ditions are not considered commercial. A field may
contain several discoveries.

The undiscovered resources include predicted re-
sources in surveyed, undrilled structures, and pre-
dicted resources in areas where exploration models
have been defined, but no prospects identified.

New discoveries

Eleven new discoveries were made in 1991. These
were 1/3-6, 15/12-8, 25/4-6 S, 25/5-4 (Byggve), 25/
11-15, 30/9-13 S, 34/7-18, 34/84 S, 34/10-34, 35/
11-4 R and 6506/11-2. Hydrocarbons were also en-
countered in 2/4-17, 6507/2-2 and 6608/10-2,
though testing is not due until 1992.

The work of evaluating the discoveries is ongoing.
It is therefore too early to say anything for certain as
to their size, although they will probably exceed the
lifting of resources that took place in 1991.

Of the year’s discoveries, 1/3-6, 15/12-8, 25/54
(Byggve), 25/11-15, 34/10-34 and 35/11-4 R have
been evaluated and are included in the resources ac-
counts. The growth in resources attributable to
these new discoveries is 83.4 mcm oil and 19.3 bem
gas.

Past discoveries newly recorded

In addition to this year’s discoveries already men-
tioned, wells 7/8-3, 30/9-10, 34/7-16 R, 35/9-1,2,
6507/3-1 and 6507/8—4 are now included in the re-
sources accounts. The growth in resources attribut-
able to these past discoveries newly recorded is 53.6
mcm oil and 21.0 bem gas.

Adjustment of resources estimate for existing fields
and discoveries

For fields in production, approved developed and
declared commercial, and existing discoveries, the
present resources accounts show that, relative to
1990, oil reserves have decreased by 24.0 mcm and
gas reserves by 32.9 bem. Natural Gas Liquids in-
creased by 21.8 mton. For details of revisions, see
Table 3.2.

Fig, 3.1.a
Resource account for the Norwegian continental shelf
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Lifting of petroleum on the Norwegian continental
shelf amounted to 107.2 mcm oil, 24.6 bem gas, and
2.3 mton NGL in 1991.
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Resources status

The Directorate’s accounts for 1990 and 1991 show
that the additions of oil are greater than the deple-
tion. For gas the situation is the opposite. The in-
crease in oil was 5.8 mcm, whereas gas has been re-
duced by 17.2 bem. There was also an increase in
NGL of 19.5 mton. All in all, the figures represent
an increase of 3.5 mtoe.

At the present rate of depletion of petroleum,
Norway has proven resources sufficient for 17 years
of oil production and 111 years of gas production.

The resources status on the Norwegian continen-
tal shelf is illustrated in Figure 3.1.a and the geogra-
phical distribution of the resources in Figure 3.1.b.

Fig. 3.1b

The resources on the Norwegian continental shelf
are presented in four tables showing:

1. Petroleum reserves in producing fields, Table
3.1.a

2. Petroleum reserves in fields approved developed,
Table 3.1.b

3. Petroleum reserves in fields declared commer-
cial, Table 3.1.c

4. Petroleum resources in discoveries south of Stad
under evaluation, Table 3.1.d.
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Table 3.1.a
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Petroleum reserves in producing fields

79

Initial produceable reserves

Remaining produceable reserves

Oil Gas NGL TOE Oil Gas NGL

10°Sm® 10°Sm> 10° tonnes 10°Sm? 10°Sm*® 10° tonnes

AlbuskjellV 10.0 22.0 1.5 31.6 3.1 8.0 0.5
Cod? 2.8 7.0 0.5 9.8 0.2 0.7
Edda? 5.2 21 0.2 6.4 1.2 0.3

Ekofisk? 330.0 151.0 15.0 430.0 165.5 75.8 8.3

Eldfisk? 71.0 59.0 5.3 126.7 28.7 40.0 3.1
Friggh? 110.0 0.4 110.4 4.0

Gullfaks? 230.0 16.5 1.9 213.9 166.9 12.9 1.6

Gyda 32.0 4.2 1.9 323 27.3 3.6 1.6

Heimdal? 35.6 4.1 39.7 16.3 1.7

Hod? 5.7 1.2 0.4 6.4 4.0 1.0 0.3

Murchison? » 12.0 0.3 0.4 10.8 1.5

Nord @st-Frigg? 11.8 0.1 11.9 0.7
Odin? 0.2 29.3 29.5 6.4

Oseberg?¥ 226.0 70.0 3.0 265.1 172.1 70.0 3.0

Statfjord?® 453.0 51.6 15.9 443.5 152.5 328 11.1

Tommeliten? 7.5 16.5 1.0 2.7 53 12.9 0.7

Tor? 272 15.9 1.8 40.0 8.8 5.9 0.7

Ula 69.2 4.7 35 64.9 413 2.8 2.2

Valhall? 68.8 17.7 4.1 71.5 40.2 12.2 2.8

Veslefrikk? 36.0 3.0 1.3 33.8 29.6 3.0 1.1

Vest Ekofisk? 13.3 28.9 1.7 41.5 1.6 4.7 0.4
Ost Frigg 8.2 82 33
30/6 Gamma Nord? 1.3 7.1 8.2 1.2 7.1

Sum 1607.2 673.6 64.0 2064.8 851.0 3244 39.1

Table 3.1.b
Petroleum reserves in fields approved developed
Oil Gas NGL TOE
10°Sm* 10°Sm® 10%tonnes

Brage 46.2 1.7 1.0 41.5

Embla? 9.2 34 0.5 11.4

Lille-Frigg? 7.0 2.7 9.7

LokeV® 4.1 8.0 11.1

North Sleipner Pst 19.9 51.0 10.3 76.4

Sea Snorre 106.0 6.7 3.2 97.9

Statfjord Nord 31.0 2.5 27.9

Statfjord @st 13.4 2.0 13.1

Tordis 18.8 1.2 0.5 17.1

Troll Pst? 825.0 19.2 844.2

Sum 248.6 908.5 37.4 1150.3

Off Draugen 68.0 3.0 58.8

Mid-Norway Heidrun 87.3 37.8 109.4

Sum 155.3 40.8 168.2

Total 403.9 949.3 37.4 1318.5

Reserves in fields approved developed
By year end, 35 development projects had been

adopted on the Norwegian continental shelf, four

more than one year previously. The four newcomers

per cent of discovered oil and 11 per cent of discov-
ered gas on the Norwegian continental shelf.

Reserves in fields declared commercial

are Heidrun, Lille-Frigg, Loke and Tordis. As yet
only Draugen and Heidrun have been approved

north of Stad.

Up to end-91 total sales were 1.0 btoe. This is 29

By year end, under the new classification system,
there were 11 fields which had been declared com-
mercial, see Table 3.1.c. The amount of petroleum
reserves is0.92 btoe.
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Table 3.1.c
Petroleum reserves in fields declared commercial

Qil Gas NGL TOE
10°Sm? 10°Sm? 10%tonnes

e
=N
)
[=)}

Byggve
Froy
Huldra?
North Mime?
Sea Oseberg st
Skirne
Sleipner Vest®
Troll Vest”?
Vigdis?

Sum 155. 623.8 19.8 774.4

Off Midgard 1.3 87.0 13.0 101.0
Mid-Norway Smgrbukk Segr 31.0 24.0 49.7

Sum 32.3 111.0 13.0 150.7
Total 188.2 734.8 32.8 925.1

1) Operator’s estimate 6) Resource figure includes Heimdal reservoir and Trias.
2) Norwegian share only, i.e. 60.82 % of total Only Heimdal reservoir is approved developed.

3) Norwegian share only, e.e. 22.2 % of total 7) Condensate incl. in NGL.

4) Includes Alpha, Alpha North and Gamma structure 8) Includes Alpha, Beta, Epsilon and Delta

5) Norwegian share only, i.e. 85.24 % of total
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Table 3.1.d
Petroleum resources in discoveries south of Stad under evaluation

Oil Gas NGL TOE
10%Sm? 10°Sm? 10%tonnes

Agat? 43.0
Balder
Gullfaks Sgr
Hild?
Mjginer?
Peik??
S@-Tor
Trym?
Visund?
1/2-1?
1/3-3

1/3-6

6/3 PI
7/8-3Y

9/2 Gamma?
15/3-1,3Y
15/3-4Y
15/5-1

15/8 Alfa
15/9 My
15/12 Beta?
15/12-8Y
16/7-49
25/2-5Y
25/11-15
30/6 Kappa®
30/9- Omega
30/9-6Y
30/9-99
30/9-10Y
34/10 Beta?
34/10 Gamma
34/10-34Y
35/8-1
35/8-2
35/9-1,29
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Resources in discoveries being evaluated

Table 3.1.d is a summary of discoveries south of

Stad being evaluated. The quantities here amount to

0.59 btoe in all. Resources in discoveries being

evaluated north of Stad amount to 0.48 btoe; of
which 0.22 btoe off Mid-Norway and 0.26 btoe in
the Barents Sea. See Table 3.1.e.

Table 3.1.e
Petroleum resources in discoveries off Mid-Norway and in the Barents Sea under evaluation
Oil Gas NGL TOE
10°Sm? 10°Sm? 10%tonnes

Njord 35.0 7.2 36.0

Oft Mikkel? 5.7 14.3 19.0
Mid-Norway Smgrbukk 20.0 65.0 81.4
Trestakk® 9.0 7.0

Tyrihans 16.0 40.0 53.1

6507/3-19 1.1 7.1 8.0

6507/8—4Y 19.8 2.4 20.2

Sum 106.6 136.0 2247

Albatross 41.7 41.7

Albatross Sgr 10.8 10.8

Askeladd 59.7 59.7

Snghvit 6.5 76.0 5.7 90.7

Barents Snghvit Nord 3.3 33
Sea 7119/12-3" 3.6 3.6
7120/07-1 22.5 22.5

7120/12-2 14.8 14.8

7121/5-2 Beta 4.3 4.3

7122/06-1" 11.0 11.0

7124/03-1" 2.1 2.1

Sum 6.5 249.8 5.7 264.5

Total 113.1 385.8 5.7 489.2

1) Operator’s estimate

3.2 REVISION OF RESOURCES BASE SINCE
LAST YEAR
3.2.1 Fields in production, approved developed and
decleared commerical

For fields in production the Directorate generally
accepts the operator’s projections of future reserves.
On many fields only moderate changes were made
in the forecasts compared to the figures given in the
1990 Annual Report. Fields where a substantial re-
vision has occurred are dealt with specifically below.
For changes in resources statistics from 1990 to
1991, see Table 3.2.

Ekofisk
Estimates were increased due to a new historical ap-
proach to the reservoir simulation model.

Embla
The new interpretation of reconditioned seismic
data and predrilling of production wells has proven
earlier geological models of the field to be incorrect,
leading to a relatively large decrease in projected re-
serves.

Heimdal
The liquid component on Heimdal, previously re-
ported as oil, is now sold as NGL.

Lille-Frigg
The liquid component of the Lille-Frigg reserves has
been reclassified from oil to NGL.

Loke

The Directorate has used the operator’s figures in
the resources summary, entailing a reduction rela-
tive to the Directorate’s own estimate.

Midgard

The Directorate has reevaluated this field, the most
important change being that most of the liquids are
now reported as NGL.

Mime
New surveys and the results of test production have
led to a downward adjustment of reserves on Mime.

Frigg

A small upward adjustment of the gas reserves on
Frigg was made. The liquid component, previously
reported as oil, is now sold as NGL.

Skirne

The Directorate’s analysis of the figures shows last
year’s estimate to be too high. The new estimate is
based on the Directorate’s analysis.
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Smerbukk Ser
New surveys and new field simulation led to in-
creases in oil and gas reserves on Smgrbukk Sgr.

Statfjord

The Norwegian component increased following redi-
stribution, giving an increase in the Norwegian re-
SEerves.

Trofl Vest

New simulations and the decision to deploy horizon-
tal wells prompted an upward adjustment of the oil
reserves.

Valhall

The increase in reserves on Valhall was due to five
new wells which are planned to be drilled and higher
pore compressibility in the reservoir model.

3.2.2 Discoveries

The changes in resources estimates from 1990 to
1991 are reported in Table 3.2. Discoveries for
which a major change was made are discussed speci-
fically.

Gullfaks Sgr

The Directorate performed a new survey and field
simulation, leading to a reduction in resources rela-
tive to previous estimates.

Mjglner

New surveys and new reservoir geology dataled to a
reduction in resources.

Table 3.2

Njord
New surveys and new field simulation led to an in-
crease in reserves for this discovery.

Visund
The resource estimate was reduced to match the op-
erator’s new projection.

9/2 Gamma

New surveys based on 3D seismics and new resource
estimates led to a heavy reduction in resources rela-
tive to earlier estimates.

24/9
This discovery is not reported this year due to the
results of drilling well 24/9-4 in 1991.

30/6 Kappa
The resource estimate was reduced to match the op-
erator’s new projection.

30/9 Omega

The Directorate upgraded these resources on the
evidence of its own surveys and resources estimates
of the discovery.

35/11-2
The Directorate reduced the resources on the basis
of ewn surveys and resources estimates of the dis-
covery.

Changes in estimated resources annual reports 1990-1991

Annual Report 1990 Annual Report 1991
Oil Gas NGL Oil Gas NGL
10°Sm? 10°Sm? 10%onnes 10°Sm?® 10°Sm? 10%tonnes
Fields in production
Ekofisk 315.0 145.0 15.0 330.0 151.0 15.0
Eldfisk 74.0 57.0 5.4 77.0 59.0 5.3
Frigg 0.4 107.0 110.0 0.4
Gullfaks 230.0 16.0 2.2 230.0 16.5 1.9
Gyda 31.0 3.0 25 32.0 42 1.9
Heimdal 5.7 35.6 35.6 4.1
Hod 4.0 0.9 0.3 5.7 1.2 0.4
N-@-Frigg 0.1 11.0 11.8 0.1
Odin 0.1 27.3 0.2 29.3
Oseberg 228.0 70.0 6.0 226.0 70.0 3.0
Statfjord 447.0 49.0 15.6 453.0 51.6 159
Tommeliten 6.4 18.4 1.0 7.5 16.5 1.0
Tor 25.0 17.0 2.0 27.2 15.9 1.8
Ula 67.0 4.6 34 69.2 4.7 35
Vathall 62.0 12.5 33 68.8 17.7 4.1
Vest Ekofisk 13.0 28.0 1.5 13.3 28.9 1.7
st Frigg 7.5 8.2
———————————————————— - Fields-approved developed
Brage 46.2 1.7 46.2 1.7 1.0
Embla 33.0 10.5 1.6 9.2 34 0.5
Lille-Frigg 37 7.0 7.0 2.7
Sleipner Pst 19.0 51.0 10.0 19.9 51.0 10.3
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Annual Report 1990 Annual Report 1991
Oil Gas NGL Oil Gas NGL

10°Sm’ 10°Sm3 10%tonnes 10°Sm? 10°Sm? 105tonnes
Snorre 106.0 5.8 2.7 106.0 6.7 3.2
Tordis 18.8 1.2 18.8 1.2 0.5
Loke 6.0 13.0 4.1 8.0
Fields under evaluation
Byggve? 0.6 2.6
Fray 11.0 3.0 12.5 2.7
Huldra 5.4 16.4 4.5 17.0
Midgard 15.0 80.0 1.3 87.0 13.0
Mime 3.0 0.9 0.2
Skirne 1.7 9.1 0.3 2.3
Smgrbukk Sg¢r 22.0 11.0 31.0 24.0
Snorre Vest 6.2 3.7
Troll Vest 41.0 463.0 10.8 64.0 463.0 10.8
34/7C 4.0 31
34/7-16RY 18.3
Discoveries
Gullfaks Sgr 45.0 88.0 25.6 56.1 3.0
Hild 1.2 8.8 1.9 12.1
Mjglner 53 0.9 1.7
Njord 25.0 4.0 35.0 7.2
Trym 2.0 10.0 2.1 8.7
Visund 22.5 75.0 16.2 47.6
1/3-69 1.2 2.8
7/8-3Y 6.2
9/2 Gamma 24.0 1.0 6.4
15/12-8Y 0.6 1.3
24/9 3.0
25/11-15Y 60.0 1.8
30/6 Kappa 5.0 5.0 1.0 3.6
30/9-Omega 9.3 3.0 16.6 8.0
30/9-10" 3.2
34/10-34Y 3.0
35/9-1,2Y 5.0 11.5
35/11-2 10.3 10.9 5.4 5.6
35/11-4RY 18.0 10.8
6507/3-1% 1.1 7.1
6507/8-4Y 19.8 2.4

1) Discoveries not reported previously.
3.3 NAME CHANGES IN 1991 del), Peik (24/6-1), Skirne (25/5-3), Smgrbukk Ser

Nine new names came into use in 1991: Byggve (6506/12 Beta), Vigdis (Snorre Vest, 34/7 C, 34/7-16
(previously 25/5-4), Loke (Sleipner satellite 15/9 R and 34/7-19). 15/9 My (a Sleipner satellite) and
Theta), Oseberg Bst (30/6 Beta and 30/6 Beta Sa- 15/8 Alfa (a Sleipner satellite).
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4. Safety and the Working Environment

4.1 INTRODUCTION

The formal authorities which underpin the Norwe-
gian Petroleum Directorate’s supervisory and regu-
latory duties are summarised below.

a) Frameworks given in governing legislation:

— Petroleum Act, of 22 March 1985 no. 11

— Working Environment Act, of 4 February
1977 no. 4

— Svalbard Act, of 17 July 1925 no. 11

— Scientific Research Act, of 21 March 1963 no.
12

— Tobacco Injuries Act, of 9 March 1973 no. 14.

b) Regulations and instructions given by the Min-
istry of Local Government:

— Regulatory supervisory activities, with the
safety etc, by Royal Decree of 28 June 1985
— Authority of 28 June 1985 whereby the Di-
rectorate is delegated certain powers, includ-

ing to:

— Issue regulations for the activity

— Conduct overall safety evaluations

— Decide consents, orders, dispensations and
approvals.

The Directorate’s supervisory activities are based on
close cooperation on safety, the working environ-
ment and resources, both inside the organisation
and externally with other government agencies and
institutions. The Directorate plays a coordinating
role relative to the other government departments
which under the Petroleum Act exercise an autono-
mous control responsibility in their own right; and
draws on the professional expertise of other depart-
ments where it has no comparable skills inhouse.

The scope of the offshore petroleum industry con-
tinued to widen in 1991, and once again it was im-
perative to focus on sharpening our organisational
efficiency and thus maintain a responsible level of
supervision, even though no new positions have
been authorised since 1987. An analysis of the ex-
pertise available and future demands has been
made, which will guide the work to exploit resources
optimally.

4.2 REGULATORY DRAFTING AND REVISION
The work of drafting new Technology Regulations
was finalised for the Directorate’s part in 1991. The

addresses both the form and the content of the regu-
lations. The new regulations represent a marked
turn in the direction of functional requirements
where a large part of the detailed standards to be de-
veloped will be left to the industry in collaboration
with employees and standardisation institutions.

In the European Community the body of directi-
ves and standards which may impact on Norwegian
offshore activities continues to grow. The Directora-
te seeks to influence the direction these drafts take,
notably through its comments at the consultative
stage, and by keeping abreast of and participating in
key standardisation bodies wherever possible.

4.2.1 Regulatory status
By year end the status of the regulatory develop-
ment work was as follows:

Regulations issued

— Regulations on Environmental Data etc, issued 1
February 1989

— Regulations conc Pipeline Systems etc, issued 30
April 1990

— Regulations conc Manned Underwater Operations
etc, issued by NPD and Directorate of Health, 11
June 1990

— Regulations conc Implemention and Use of Risk
Analyses etc, issued by NPD and Ministry of the
Environment, 4 December 1990.

~ Regulations conc Electrical Installations etc, issued
by NPD, 8 January 1991.

Drafts submitted to Ministry of Local Government

for approval

— Regulations conc Drilling and well activities and
geological data collection etc

— Regulations conc Explosion and fire protection etc

~ Regulations conc Safety and Communications Sys-
tems etc

— Regulations conc Marking of Installations etc

— Regulations conc Lifting appliances and Lifting
Gear etc

~ Regulations conc Emergency Preparedness etc.

— Regulations conc Process and auxiliary facilities
etc

— Regulations conc Loadbearing structures etc.

The Regulations conc Electrical Installations, issued
in 1991, are discussed below. The other regulations
have all been discussed in earlier reports.

new regulations reflect the intentions inherent in the

petroleum legislation of 1985 and the supervisory ar-

rangements which were implemented as a result.
The work has continued unabated since 1987 and

4.2.2 Regulations for Electrical Installations
The purpose of the Electrical Installations Regula-
tions is to provide rules for the planning, engineer-
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ing, construction and use of electrical systems for
the offshore industry and to facilitate the application
of the Directorate’s supervisory activities to such op-
erations. The emphasis has been on harmonising the
regulations with the requirements given in other
rules administered by other government depart-
ments, notably the Electricity Inspection and Mari-
time Directorate, and international electrical stand-
ards.

The new regulations introduce no new technical
requirements additional to the existing rules given
by other authorities, but present requirements relat-
ing to the supervisory system which has been estab-
lished for the offshore petroleum industry.

4.2.3 Regulations under Working Environment Act
In spring 1991 the Directorate instigated work to ex-
amine the need and propose the framework for fu-
ture rules covering the working environment in the
petroleum industry.

The purpose of developing such rules is to estab-
lish a structured, comprehensive regulation of the
working environment of employees offshore.

The rules will support the adopted objectives and
current strategies for detailed regulation design
under the Safety Regulations. Active cooperation
with the other authorities concerned, particularly
the Labour Inspection, seeks to produce a set of
rules which are as nation-wide as possible, thereby
reducing the numbers of competing regulations and
guidelines.

In 1991 the preparatory survey was carried out
which aimed to prepare a full summary of national
and international standards, other national regula-
tions, etc, which either already or in the future can
be expected to influence future regulations in the
Directorate’s sphere of responsibility. A proposal
for regulatory strategy :and structure has also been
developed in the light of this survey. A plan for fu-
ture regulatory work has also been developed.

4.3 SUPERVISORY DUTIES

The Directorate’s supervisory duties during the year
were conducted according to a plan which reflects
the objectives adopted and priority commitment
areas.

Some degree of re-ranking of priorities was called
for, nevertheless, largely due to problems encoun-
tered with the drilling of deep, high-pressure wells,
which made strict control of such activities neces-
sary. The loss of the Sleipner A gravity base also
triggered considerable, non-planned activity.

In addition to supervisory operations directed at
particular operating companies, the Directorate
conducted extensive audits of a specified problem
area which is common to many companies. This
strategy produced many benefits which will be

In connection with the Directorate’s project to
implement the new regulations, the industry was
asked for its views on possible areas where super-

vision could be improved. Activities were also initi-
ated to improve the Directorate’s handling of its
coordinatory role.

4.3.1 Censents and permits

The year saw the award of 111 consents and permits,
compared to 80 in 1990. These were as follows (1990
in brackets):

— Exploratory survey 9 (5
— Exploration drilling 40 (32)
- Detailed engineering 8 (3)
— Fabrication 10 (5)
— Installation 6 (9)
— Use of installation 20 (9)
— Rebuild or redefinition of purpose

of installation 8 (3)
— Use of service vessel 10 (14)

Drilling permits were awarded as follows: 70 (61)
for production drilling, 46 (40) for exploration drill-
ing, and 32 (30) for shallow drilling.

The general increase in the figures reflects the
continuing increase in total activity on the continen-
tal shelf.

4.3.2 Priority commitment areas
In 1991 the Directorate gave priority to supervisory
activities associated with:

— Early phase of field development

— Older installations

— Compliance with Working Environment Act

— Transition from engineering to operation, and
specific challenges in operating phase.

4.3.2.1 Early phase of field development
Supervision of the early phases of field development
projects was carried out in 1991 on the basis of the
new Risk Analysis Regulations. The early phase
means phases in the project leading up to the Plan
for Development and Operation.

The year’s activities concentrated on three oper-
ators, where it is clear that the level of employee in-
put on decisions in these phases varies from one
company to the next. The same can be said of ex-
perience transfer from partners.

The operators are all in the implementation phase
of the Risk Analysis Regulations. Work is ongoing
to define a format which meets the intentions of the
regulations and ensures that all relevant parties have
a say in the decision process.

4.3.2.2 Older installations

Supervision here revealed problems of maintaining
the technical standard of installations and equip-
ment to the level required under the new regula-

77777777777777777777777 drawmomin the new year.—————————————————tions.The problems-are-linked-in-some-cases-with-

deficiencies in the operators’ systems for maintenan-
ce management.
Maintenance management is a key tool for opti-
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mising the total costs of operations and maintenan-
ce. Cost optimisation of this type also produces a
safety dividend since the evaluation of equipment
criticality can help rank priorities. The application
of new maintenance technology and selection of
equipment on the basis of life-cycle costs are impor-
tant tools for the optimisation of safety and costs.

The lessons of Piper Alpha on the UK sector in
1988 helped persuade operators to implement major
modifications on older installations to improve in-
stallation safety.

Following from the conclusions and recommenda-
tions in an updated safety study for Statfjord A, ma-
jor modification work was implemented there. Simi-
lar updates of the safety studies for Statfjord B and
C were made in 1991, and modification work on
these installations will commence in 1992.

Safety studies for the various Ekofisk installations
show that, except for the Ekofisk tank (2/4 T), they
meet the acceptance criteria given in the Directora-
te’s former guidelines for safety evaluation of plat-
form designs, now replaced by the Risk Analysis
Regulations. In the case of the Ekofisk tank, defici-
encies were noted in connection with design and
personnel safety. Also, fires and gas leaks are on the
increase, which is causing concern. Supervisory op-
erations on Ekofisk will therefore concentrate very
largely on 2/4 T from now on.

4.3.2.3 Compliance with Working Environment Act
Most supervisory operations in this field in 1991
were concerned with contractor employees in the
offshore industry and their working conditions. Su-
pervisory control revealed deficiencies in:

— Health, environmental and safety (HMS) targets
— Company health service

— Working environment committee

— HMS training

— Registration of sick leave.

In connection with this supervision it was noted that
employees in well service companies work hours
longer than are normally acceptable in the offshore
industry. In December 1991, operators were there-
fore ordered to ensure that a system of monitoring
the working hours of leading personnel and people
in particularly independent positions in well service
operations should be established. The operators
were also ordered to ensure that the criteria under
which personnel are classified as leading or particu-
larly independent match those given in Odelsting
Proposition no. 41 1975-76 concerning Working
Hours, Dismissal Protection, Factory Inspection,
etc.

4.3.2.4 Transition from engineering to operation

nevertheless an approach used by the operators.
The time and degree of such involvement is what va-
ries from company to company. In connection with
implementation of the new regulations, the compa-
nies are working to define a format which will ad-
equately involve the employee side in the decision
process.

4.4 INTERNAL CONTROL EXPERIENCE
One common lesson of the total supervision activity
is that there are very often deficiencies in the com-
panies’ systems for document management and de-
viation handling. As the responsibility for safety and
quality assurance becomes more conscious in the
line organisation, it is often the case that line man-
agers do not always possess the necessary compe-
tence to get the processes to function in practice.

The organisational units which are set to supervise
the company’s internal control activities are not al-
ways given adequate resources and organisational
freedom to fill the role they are supposed to fill
under the regulations.

Another lesson is that people’s respect for impor-
tant governing documentation is not always as great
as might be wished.

4.5 INTER-DISCIPLINARY COOPERATION
Again in 1991 the Directorate engaged the services
of other government agencies as permitted under
the existing inter-departmental assistance contracts.

The Electricity Inspection was split off from the
Norwegian Water Courses and Energy Authority on
1 January 1991 and the responsible department be-
came the Ministry of Local Government. It had pre-
viously been the Ministry of Petroleum and Energy.

The efforts to draw up a contract for assistance
and cooperation which had already started were
completed and the contract became effective 1 May
1991. Cooperation with the Electricity Inspection
has been most productive, particularly in the field of
common rules for electrical systems.

The development concept chosen for the Troll
field requires offshore installations to be linked to
land installations for product processing and power
supply. Close ties have therefore been established
with the Directorate for Fire and Explosion Safety
and the Electricity Inspection so as to coordinate
and divide the supervisory responsibilities for the
Troll project.

4.6 INTER-GOVERNMENTAL COOPERATION
Formal cooperation with other countries with whom
treaties have been signed for joint supervision of
pipelines etc continued to perform successfully in
1991.

The Directorate has long enjoyed excellent rela-
tions ‘with the UK authorities. In 1991 a notable ev-

Supervision under this commitment area revealed
varying degrees of experience feed-back between
these important project phases. The involvement of
operating personnel in the engineering phase is

ent was the transfer of responsibility for safety
supervision in the UK sector from the Department
of Energy to the Health and Safety Executive
(HSE) on 1 April, in line with the recommendations
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of the public inquiry commission report into the Pi-
per Alpha accident in 1988. For the same reasons
the UK authorities are in the process of restructur-
ing their supervision systems, which will bring the
Norwegian and UK systems closer to each other.
During 1991 good relations were established with
the HSE. Formal contacts have already been estab-
lished between the two agencies for the exchange of
information on accidents and incidents.

Closer cooperation was also initiated with the
Danish Ministry of Energy, which oversees supervi-
sory control in the Danish sector. Activities have
been planned which will mean even closer ties in
1992.

4.7 ACCIDENT REPORTS AND FOLLOW-UP

In 1991 the Directorate performed system audits of
seven operating companies and five contractors, the
theme of which was the reporting and follow-up of
accidents, including preventive measures. These
audits came as the result of several areas of difficulty
experienced by the Directorate regarding reporting
and follow-up of accidents, incidents, fires and gas
leaks.

The main impression gleaned from these audits is
that the operators’ reporting and follow-up systems
for accidents and hazard situations are inadequately
ingrained in the quality assurance systems, and that
the systems are often suboptimal when it comes to
defining responsibilities and reporting criteria.
Furthermore, there was a general lack of under-
standing with responsible personnel of the current
regulations and criteria for accident and incident re-
porting.

Measures implemented as the result of accidents
are most often aimed at removing hazardous actions
and ‘dangerous conditions at the accident site. The
Directorate feels that a systematic approach in
which all relevant parts of the organisation are mo-
bilised to remove the underlying causes of accidents
and incidents is all too rarely implemented.

4.8 PERSONAL INJURIES
4.8.1 General
The Directorate receives reports and notices about
personal injuries in connection with offshore activ-
ities. These reports are under continual review and
details are input into the Directorate’s database.
Notices of serious events are analysed to see
whether immediate intervention is called for, in
which case the Directorate oversees the company’s
house investigation, often in parallel with police in-
quiries. Supervision often takes the form of orders
to the operator or contractor.

As already noted in section 4.7, the Directorate
concentrated thorough supervisory activities on sev-
eral operating and contract companies, examining

""""""""""""""" their reporting and follow-up-systems for accidents

and hazard situations. These showed, not least, a
lack of understanding of the Directorate’s reporting
criteria, which led to under-reporting. Certain oper-

ators were therefore ordered to submit personal in-
jury reports in retrospect. Some of these late reports
will therefore not be included in the statistics until
1992. Supervision will continue in 1992. A project
has also been initiated aimed at developing and im-
proving the Directorate’s systems for registering,
analysing, and utilising accident and hazard situa-
tion reports.

4.8.2 Helicopter crash on Ekofisk 2/4 S

On 10 August 1991 a Bell helicopter, flown by Heli-
kopterservice, crashed while working on the Ekofisk
2/4-S riser platform. The whole crew of three per-
ished in the accident. The accident occurred while
the helicopter was assisting with a lift operation,
when it struck the flare stack and crashed onto the
platform. The accident is being investigated by the
police and the Civil Aviation Inquiry Commission.
As the accident is reported in the Civil Aviation Au-
thority’s statistics it is therefore omitted from the
offshore fatality figures.

4.8.3 Causes of personal injury

On the basis of the empirical data reported as per-
sonal injury statistics for 1991 the Directorate sees
the need to continue to focus on situations that can
cause accidents and incidents, particularly:

a) Work on systems which have been pressurised

b) Work on systems and equipment of poor design
standard which can cause injury by crushing,
cuts, blows, falls and impact

c) Areas having poor safety planning :or poor
safety organisation of work.

The Directorate will continue discussions with the
industry for possible measures by which to reduce
the continuing large numbers of accidents caused by
objects and appliances in motion, falling objects,
splinters, as well as falls, etc, see Table 4.8.5.d. For
follow up purposes such injuries will be termed ki-
netic energy injuries, which still make up about 85
per cent of the total, see Figure 4.8.3. The figure
shows the types of events that involve kinetic
energy.

In 1990 the Directorate embarked on a pro-
gramme of systematic registration of hazardous ac-
tions and conditions (symptoms) based on the de-
scriptions of causal events given on the injury report
forms. By continual assessment and analysis of per-
sonal injury statistics in 1990-91 the Directorate has
identified the following specific areas as having the
greatest symptom incidence:

a) Inappropriate position or work posture relative
to tools or equipment

b) Inadequate protective equipment

¢) Slippery and uneven surfaces, untidy work-
place

d)—Equipment-in-poor-repair-orused-wrongly ——————— -

€) Air-borne particles causing eye injury
f)  Cluttered access to workplace and/or poor de-
sign of equipment or workplace.
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Fig. 4.8.3

Accidents caused by lack of control of kinetic energy, 1991
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Accidents caused by someone assuming an inappro-
priate posture for the tools or equipment concerned
often produce serious injury, such as crushing, falls,
and contact with falling objects or objects moving
horizontally. The Directorate has noticed that cate-
gory (a) can be identified in almost all descriptions
of serious personal injury, or events where the in-
jury potential was high. The underlying causes of
such events can be split into two rough divisions:

— Layout workplace and work task: Equipment and
components may be so arranged that operators are
forced to take up an unsuitable posture. Often
personnel must violate hazard zones simply due to
poor task organisation, or due to limitations with
the equipment or tools used.

— Individual factors: Certain individuals may lack
the necessary insight to do the job. For example,
inadequate understanding of the risks involved
can lead to an unsound working posture. And
even where the employer has dutifully informed
personnel of risks, it may still happen that person-
nel take risks due to an inappropriate safety atti-
tude.

4.8.4 Incidents

Through research in Norway and overseas it has
been established that the number of incidents (near-
misses) will always far exceed the number of acci-
dents. The low number of incidents reported in 1990
(48), was partially the result of the Directorate’s re-
quirement that only serious incidents should be re-
ported. In 1991, however, the Directorate encour-

prevention is very large, the Directorate will con-
tinue to work to encourage incident reporting. The
Directorate has also noted with satisfaction the op-
erators’ greater commitment to reporting, registra-
tion, and follow-up of incidents.

4.8.5 Personal injuries in production activity
Reported injuries in connection with production of
oil and gas totalled 574 in 1991, six more than in
1990. There were no fatal accidents in production.
The number of manhours worked was 13,811 in
1991, compared to 12,315 in 1990. This means that
the accident frequency declined from 46.1 injuries
per 1000 manhours in 1990 to 41.6 in 1991.

Tables and figures — production installations
Personal injuries are reportable to the Directorate
under two criteria: Lost time during next 12-hour
shift, and/or Medical treatment.

Accidents suffered during time off are not in-
cluded in the tables. 29 such injuries were reported
in 1990, plus six retrospective reports, or 35 injuries
in all. In 1991 the reported recreational accidents
were 25 in number, a reduction of ten.

Table 4.8.5.a includes a summary of the personal
injuries per 1000 man-years worked in production
from 1976 to 1991 - including the production ship
Petrojarl 1. Since 1987 the number of hours worked
a year has been cut from 1752 to 1612. The overall
injury frequency and personal injury statistics for
1990 have been adjusted from 45.6 to 46.1 for late
reports and verification of the database. For the
same reason the personal injury statistic rose from

aged companies to include in their reports all inci-
dents which have a useful lesson to teach. This led to
an increase in incident reports to 172 in 1991. Since
the need for information in connection with accident

562 to 568.

The calculated injury rate in 1991 was 41.6 per
1000 years worked. This is equivalent to an injury
frequency of 25.8 per million hours.
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Table 4.8.5.a
Injuries and deaths per 1000 man-years on production installations 1976-91
Hours  Hours per Injuries  Injuries and deaths Deaths per
Year worked man-year Man-years and deaths per 1000 man-years Deaths 1000 man-years
1976 4876316 1852 2633 213 80.9 2 0.76
1977 8146948 1852 4399 282 64.1 2 0.45
1978 14932296 1752 8523 624 73.2 6 0.70
1979 14986608 1752 8554 575 67.2 0 0.00
1980 12237720 1752 6985 451 64.6 0 0.00
1981 15612072 1752 8911 415 466 0 0.00
1982 14790384 1752 8442 526 623 0 0.00
1983 11473848 1752 6549 334 51.0 0 0.00
1984 14643216 1752 8358 491 58.7 1 0.12
1985 15014640 1752 8570 599 69.9 i 0.12
1986 17108280 1752 9765 606 62.1 0 0.00
1987 22169458 1612 13753 832 60.5 0 0.00
1988 19878727 1612 12332 637 51.7 0 0.00
1989 19935637 1612 12367 596 482 1 0.08
1990 19852093 1612 12315 568 46.1 1 0.08
1991 22263572 1612 13811 574 416 0 0.00
Total 247921815 146267 8323 56.9 14 0.10

Figure 4.8.5.a shows the development of personal
injury frequency during the period 1979-91.

Table 4.8.5.b shows the distribution of accident
frequency for the various main activities during the
same period. This summary shows a distinct reduc-
tion in accident frequency for the drilling function
although this has levelled off in the past two years.
The construction and maintenance statistic has been
falling for four years. The overall injury frequency
has been declining since 1985.

Fig. 4.8.5.a

Injuries to personnel 1979-91. Production installations

The accident frequency for the administration and
production function has been stable since 1980.

Construction and maintenance accounted for 50.9
per cent of the work performed and 57.7 per cent of
the injuries suffered in 1990. In 1991 this function
accounted for 53.5 per cent of the work performed,
while the share of injuries fell off to 56.4 per cent.

Table 4.8.5.c shows the distribution of injuries
and years worked for operator and contractor em-
ployees from 1985 to 1991. In 1990 contractors con-
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Tabie 4.8.5.b
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Injuries per 1000 man-years by function on production installations 1979-91

FUNCTION 1979 |1980 | 1981 | 1982 {1963 | 1984 |1985 | 1986 |1987 |1988 | 1989 {1990 | 1991
Administration/ | Man-years 1008] 1174] 1144] 1306| 1182| 1614] 1656| 1507| 2295| 2440| 2393| 2759| 2790
Production Injuries 25| 23] 22| 21| 20| 25| 23| 34| 53| 53] 49| 61| 64
Injuries/1000 man-years
228| 196] 192 16.1] 245| 155| 139| 226| 23.1| 21.7| 205| 221| 229
Man-years 1467| 1095| 1008 1289| 1300| 1324| 1384| 1371| 1567 1883| 2128| 2027] 2239
Drilling Injuries 186 148| 116] 137| 104 148| 130 122| 103] 110{ 131| 132 145
Injuries/1000 man-years | 4o ol 1355 105.6| 106.3] 80.0| 111.8] 939| 89.0| 657| 58.4| 616] 65.1] 648
Man-years 507] 383| 411| 548 525 681] 685 856| 1167| 1091| 1227| 1264|1400.5
Catering Injuries 18] 0] 7| 2t 18] 22| 32| 45| s0| 33| 9| 47 4
Injuries/1000 man-years | 4551 561| 17.0| 38.3| 34.3| 323| 467| 526| 428 302| 318) 372| 203
Construction/ | Man-years 5482| 4333| 6258| 5200 3542| 4739 4845 6031) 8724| 6919 6619| 6265(7382.2
Maintenance | Injuries 346\ 270| 270| 347 183| 296| 414 405| 626| 441| 377| 328| 324
Injuries/1000 man-years | oq 4| g0l 431| g55| 51.7| 625 85.4] 67.2) 71.8| 637| 57.0| 524| 439
Man-years 8554| 6985! 8911] 8442| 6549] 8358| 8570| 9765/9421.8(7423.7| 7053(6645.4|7750.1
TOTAL :”!“f!esmoo 575\ 451| 415 526| 334 491| 599 606 832 637| 596| 568| 574
njuries/1000 man-years | o | 46! 466| 623| 51.0| 587] 69.9] 621| 605 51.7| 482 46.1] 416
Table 4.8.5.¢
Break down of injuries and man-years by operator and contractor employees on production installations
FUNCTION 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991
Administration/ | Man-years 1575 | 1293 | 1692 | 1985 2099 | 2259 2366 | Operator
Production i 80 213 603 454 294 500 424 | Contractor
njures 19 34 44 47 43 49 51 |o
injuries/ 4 0 9 6 6 12 13 |¢
124 26.3 26.0 237 205 21.7 216 |o
1000 man-years 50.0 0.0 149 132 204 | 240 307 |c
Drilling Man-years 0 0 0 0 0 0 0 ‘|o (operator)
o 1384 | 1371 | 1567 | 1883 2128 | 2007 2239 | ¢ {contractor)
Injuries 0 0 0 0 0 0 0 |o
Injuries/ 130 122 103 110 131 182 145 |¢
0.0 0.0 00 00 0.0 0.0 00 |o
1000 man-years 93.9 89.0 65.7 58.4 61.6 65.1 848 |c
Catering Man-years 0 39 94 209 340 396 447 |0 (operator)
i 685 817 1073 882 888 868 953 | ¢ (contractor)
njunes 0 5 5 4 3 13 12 |o
Injuries/ 32 40 45 29 36 34 29 |c
00 | 1282 532 19.1 88 328 268 |o
1000 man-years 46.7 49.0 41.9 32.9 405 | 392 304 |¢
Construction/ | Man-years 1544 2063 2441 2399 2381 2364 2482 |0 (operator)
Maintenance | | . . 3301 | 3969 | 6283 | 4520 4237 | 3901 4900 | ¢ (contractor)
njunes 61 51 49 50 70 61 63 |o
Injuries/ 353 354 577 391 307 267 21 |¢
395 24.7 201 208 29.4 258 254 |o
1000 man-years 1068 | 892 91.8 865 725 68.4 533 |¢
TOTAL Man-years 3119 | 3305 | 4227 4593 4820 | 5019 5295 |0 (operator)
| 5450 | 6370 | 9506 | 7739 7547 | 7296 8516 | ¢ (contractor)
njunes 80 90 98 101 116 123 126 |o
Injuries/ 519 516 734 536 480 445 448 ¢
256 265 232 220 24.1 245 238 |o
1000 man-years 95.2 81.0 77.1 9.3 636 1.0 526 (¢
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Fig. 4.8.5.b

Injuries to personnel employed by operators and contractors on preduction installations, 1991
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tributed 59.2 per cent of the total hours worked on
production installations and 78.3 per cent of inju-
ries. In 1991 the contractors’ share of hours worked
rose to 61.7 per cent, while their share of injuries
declined to 78 per cent. The discrepancy between
share of manhours and share of accidents therefore
declined from 19.1 to 16.3 per cent for contractors
and operators combined.

Figure 4.8.5.b shows the injury frequency broken
down by operator and contractor personnel and
main activity functions.

Tables 4.8.5.d-g show the distribution of injury
events by work group, part of body injured and con-
tributory causes.

Table 4.8.5.h shows the distribution of personal
injuries by assumed seriousness. An injury is de-
fined as serious here if it results (or will probably re-
sult) in permanent injury (for example amputation)
or extended absence from work. The evaluation is
made solely on the basis of the information in the
accident report.

4.8.6 Personal injuries in exploration and produc-
tion drilling on mobile rigs
There were no fatal accidents on mobile rigs in 1991.

Accident reporting from mobile exploration and
production rigs is subject to the same criteria as for
production activity. The summary only embraces
personal injuries on the installations while engaging
in petroleum activities, i.e. while positioned for
drilling. In 1991 there were 159 accident reports
compared to 139 in 1990 (corrected from 133 to al-
low for retrospective reports). This represents an ac-
cident frequency (in injuries per 1000 man-years, as
for production installations) of 52.5 in 1991, com-
pared to 51.8 in 1990, which is a slight increase.

It proved difficult to obtain accurate reports for
manhours worked on mobile installations, and the
Directorate has therefore collated the hours re-
ported by the operators with details of rig days
worked in the Directorate’s databases. The figures
are consistent in 1991, presumably due to energetic
follow-up by the Directorate. However, there is rea-
son to suppose that the manhour figures reported
for 1990 and 1989 are less reliable, for which reason
these figures will be reviewed anew.
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Table 4.8.5.d
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Work accidents 1990-91 on production istallations, showing type of incident and occupation

Occupation

Injury
incident

Other contact with
object/machinery
in motion

Fire

Explosion etc

Falito

lower level
Fallat

same level

Stepping on-uneven

surface or tripped

Falling

objects

Other contact with

object at rest

Handling
accident

Contact with chemical

or physical compound

Muscular
strain

Splinters,

splashes

Electrical
current

Exireme

temperature

Fall

into sea

Total
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Table 4.8.5.¢
Work accidents 1990-91 on production installations, showing type of incident and part of body injured
Injured part
of body - B
B ® 8| &
2| 8 | £| €| 8 ’
x ) o = 2 5 g = 5 i

Injury incident L% § E § § £ E % § g § *® é
Other contact with

object/ machinery in 2 3 2 10 12 4 54 3 15 0 105 185
motion 2 1 3 16 8 11 69 4 16 0 130 22.6
Fire 0 0 0 0 ] 0 3 0 0 1 4] 07
Explosion etc. 0 0 1 2 0 0 0 0 0 1 4 0.7
Fallto 0 6 5 1 1 3 4 4 4 1 2 5.1
lower level 0 9 3 1 1 3 4 1 4 1 27 47
Fallat 0 5 6 4 2 8 7 2 8 1 43 76
same level 0 3 4 3 1 5 3 3 0 1 23 4.0
Stepped on uneven 0 3 0 0 1 6 2 1 32 0 45 79
surface or tripped 0 4 4 2 2 4 1 1 3 0 51 89
Falling 0 ] 4 6 1 2 7 0 11 0 K] 55
objects 0 2 4 2 3 6 8 0 12 0 37 6.4
Other contact with 1 3 1 11 4 9 14 1 1 0 45 79
object at rest 0 5 6 11 6 8 13 1 3 0 53 9.2
Handling 2 0 1 3 4 7 65 1 1 0 84! 148
accident 2 0 2 6 7 2 53 0 2 0 74| 129
Contact with chemical 12 0 0 0 0 0 1 0 i 5 19 33
or physical compound 12 0 1 1 0 1 2 0 0 7 24 42
Muscular 0 12 10 0 9 3 4 4 1 1 44 77
strain 0 2 5 0 7 5 5 3 2 0 49 85
Splinters, 94 1 2 3 2 2 2 1 2 0 109 192
splashes 85 0 0 4 0 0 3 1 2 0 95| 166
Electrical 1 1 1 0 0 0 0 0 0 0 3 05
current 0] 0 0 0 0 0 0 0 0 0 0 0.0
Extreme 0 0 0 1 0 0 2 0 3 0 6 1.1
temperature 0 0 3 0 0 4] 2 0 2 4] 7 1.2
Fall 0 0 0 1 0 0 0 0 0 0 1 0.2
into sea 0 0 0 0 0 0 0 0 0 0 0] 00
Total 112 34 32 40 36 4 | 165 17 79 9 568 | 100.0

101 48 36 48 35 45 163 14 76 10 574 | 1000
% 197 | 60 5.6 7.0 6.3 77 |28.0 30 | 139 16 | 1000
17.6 8.0 6.3 84 6.1 78 1284 24 132 1.7 100.0
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Table 4.8.5.f
Work accidents 1990-91 on production installations etc showing injury and contributory factors

Contributory =
factors 5 | B g - )
% 818 (¢ | EE|c5|E | &
= g 8 lug | 8 =S | 7 £| & g
€| £ | B |82 =8| B8 5% |5 |E9| . | =
o 58 = B 221 8% ES g8 | £5| &3 £ =

Injury incident Eg| 58 | & |fE|8s| &5/ 82|58 |88 58 | e | =
Other contact with
object/machinery 8 4 1 2% 27 0 1 30 8 0 | 105 | 185
in motion 7 7 1 35 16 0 0 40 23 1 | 180 | 226
Fire 0 0 1 2 0 1 0 0 0 0 4 07
Explosion etc. 0 0 0 3 1 0 0 0 0 0 4 0.7
Fallto 0 0 0 1] 23 0 1 3 1 0 29 51
lower level 1 1 1 3 18 0 0 2 1 0 27 47
Fall at 0 0 0 1 31 0 0 4 4 3 43 76
same level 0 0 0 2 17 0 0 1 3 0 23 40
Stepped on uneven 0 0 0 4 29 0 1 0 10 1 45 79
surface or tripped 0 0 0 5 33 0 0 6 7 0 51 8.9
Falling 1 0 2 4 4 0 0 5 15 0 31 55
objects 4 0 2 1 6 0 0 2 12 0 37 6.4
Other contact with 2 0 2 9 22 0 0 5 5 0 45 79
object at rest 4 0 1 10 30 0 0 3 5 0 53 9.2
Handling 0 3 0 60 5 0 0 2 14 0 84 | 148
accident 1 2 0 61 3 0 0 i 5 1 74 | 129
Contact with chemical 1 0 0 11 0 5 0 0 2 0 19 33
or physical compound 0 0 2 16 0 5 0 0 1 0 24 42
Muscular 3 0 1 4 13 0 0 4 15 4 44 77
strain 2 1 1 5 17 0 0 8 14 1 49 85
Splinters, 2 0 1 66 2 8 8 2 17 3 109 | 19.2
splashes 2 0 0 60 4 13 2 0 12 2 95 | 166
Electrical 0 0 1 2 0 0 0 0 0 0 3 05
current 0 0 0 0 0 0 0 0 0 0 0.0
Extreme 1 0 0 i 0 2 1 0 1 0 6 1.1
temperature 1 0 0 3 0 3 0 0 0 0 7 12
Fall 0 0 0 0 0 0 0 1 0 0 1 02
info sea 0 0 0 0 0 0 0 0 0 0 0 0.0
Total 18 7 9 | 191 | 156 16 12 56 92 11 568 | 100.0

22 11 8 | 214 | 145 21 2 63 83 5 | 574 |100.0
% 32 12 16 | 336 | 275 | 28 2.1 98 | 162 | 19 {1000

38 1.9 14 | 373 | 253 | 37 03 | 1.0 | 145 | 09 |1000
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Table 4.8.5.g
Working accidents 1979-91 on production installations etc showing injury incident and occupation
QOccupation §
5 §
) ) 5 |g 5 %
Z Ex 2 s g B8 2|54 E|eE|: E L
182 & 2| 3|58 E8 = §§§ £ 2 |58 2
injury incident § S8 & g § 238 § e ga §§ § R, g g § 8 § § ®
Other contact with
object/ machinery
Lo motion 32 | 247 31| 8| 57| 314] 23| 15| 40| 108 39| 64| 70| S| 79| 39| 8| 3| 1357 188
=
Exalosion etc o 1] o 3| of 7| of of 1| 2| 2| 2| 4| of of 3| of of 2] o3
Fall to
lower level 14 26| 11| 38} 15| %] 19| 10 43 B| 7| 19| 2 19| 3| 512] 71
Fafl at
same level 24 6 52 113 20 8 .. 36 R 4 58 85 12 8 656§ 9.1
Stepped on uneven
surface or tripped 17 8 58 93 12 341 4 551 26| 5| 51 14 8| 627 87
Faili
obieg 9| 3| 9| 9] 7| 66| 6| 1| 14| 3| 5 M| 19| 53| 20| 5| 2/ 361 50
Other contact with
object at rest 18] 18| 4| 4] 30| 7| 28| 6| 54| 45| 17 @2 20 57| 3| 9| 4| 55| 78
Handling
accident 21| 80| 8| 70| 8| 174| 26| 6| 4| 136 3] 102| 105{ 4| 72| 7B| 26| 3| 1114|155
ontact with chemical
rphysicalcompound| 5 | 8| 0| 1| %) 5| 8| 2| @ 6| 220 2| 8| K| 8| 2| 8| 0| 37|50
Muscular
sirain 2 3| 7| 4| 24} 10| 9| 7| 40| 4| 33| 0| 57| 20| 6| 24| 18| 4| 59| 83
Splinters,
splashes 21 24| 6| 27| 2] 77| 5| 1]105] 56| 23| 18| 131 17| 23| 215 5| 3| 863|119
Electrical
Icu,,em 0] 2| o o} 1| tf 1] 0y 1| o 2} o o of 1 o} o] 3|05
Extreme
emerature 1 o 0| 2| 3| 5| 1 o| o] 4] 5| 6] 8] 1 3y 4] 0| 1{ 90/ 12
Fall
linto sea o| o 0| 0] 0| 1 o o 1 o 0 o o] o o 1 0] 1 4101
Other 4| 3] o| 5/ a| 1| 1| 2| 3| 4| 3| 5| 6| o| 2| 4| o of 5/ 08
TOTAL .
195 | 534| 88| 446 384 | 1196| 162| 71 | 518| 561 282| 554 | 631| 256| 513 | 571| 202| 40| 7204 100
" 27| 74| 12| 62} 53| 166} 22| 10| 72| 78| 39| 77| 88| 36| 71| 79| 28| 061000
Table 4.8.5.h
Break down of injuries on production instailations by severity
SEVERITY 1979| 1980; 1981 1982| 1983| 1984 1985 1986 1987| 1988 1989 1990 1991 TOTAL
FATAL 1] 1 4
SERIOUS 75 33 18 48 12 26 19 24 3 12 28 22 22 370
MINOR 363 | 309 | 287 | 360 | 235 | 345 | 517 | 559 | 777 | 610 | 566 | 545 | 551 6024
UNSPECIFIED 137 | 109 | 110 | 118 | 87 | 119 | 62 23 24 15 1 1 806
TOTAL 575 | 451 | 415 | 526 | 334 | 491 | 599 | 606 | 832 | 637 | 596 | 568 | 574 7204
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Tables and figures — mobile installations
Table 4.8.6.a presents a summary of personal inju-
ries per 1000 man-years from 1989 to 1991 in con-
nection ‘with drilling on mobile installations.

Figure 4.8.6.a shows the injury frequency distrib-
uted by main functions.

Table 4.8.6.b shows the injury events distributed
by occupational groups.

Table 4.8.6.c shows the injury events distributed
by contributing factors.

4.8.7 Development of injury frequency on produc-
tion installations

There was a clear decline in accident frequencies for
the catering function last year. The frequency for
construction and maintenance also declined. In drill-
ing the frequency was more or less unchanged from
1990. In administration and production there was a
slight increase. In all the main functions showed a
decline in accident frequencies on fixed installa-
tions.

The accident frequency overall on production in-

stallations is 41.6, the lowest figure reported since
statistics were first compiled in 1976. Despite the
statistics, the Directorate is inclined to believe that
the actual figure is rather higher, due to under-re-
porting as discussed above.

In spite of the limitations of the system and pos-
sible systematic under-reporting, the Directorate
feels that the summaries provide a reasonably accu-
rate view of personal injury development in the off-
shore industry; and that there is therefore still rea-
son to claim that injury development is headed in
the right direction.

4.9 WORKING ENVIRONMENT
4.9.1 Conditions for contractor employees
In 1991 the Directorate performed system audits of
seven operators and ten contractors with a view to
investigating the working environment of contractor
employees. The audits concentrated mostly on well
service companies.

The audits examined the following problem areas
in particular:

Table 4.8.6.a
Injuries and deaths per 1000 man-years in connection with drilling from mobile installations in 1989-91
Injuries and
Hours  Hours per Injuries deaths per Deaths per
Year worked  man-year Man-years and.deaths 1000 man-years  Deaths 1000 man-years
1989 3584740 1612 2224 87 39.1 2 0.90
1990 4328907 1612 2685 139 51.8 1 037
1991 4878152 1612 3026 159 52.5 0 0.00
Total 12791799 7935 385 485 3 0.38
Fig. 4.8.6.a
Injuries per 1000 man-years in connection with drilling from mobile installations in 1991
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Table 4.8.6.b

Work accidents in connection with drilling from mobile installations in 1990-91 showing type of incident and

occupation
Oceupation g 5
_ s | E S| g 3

£l ¢ 8 = 2| 5|g £18 8 2

2 5 2| || B8 5|58 8|z & 5|22

IR IR LI S A HE B I
o | 5| 5| @ S| &S5 &2 ola | gl =88 R|T >
Injury incident
Other contact with
object/machinery o1 2| o] o 2| 12 1 o| of 1| 0| 5 1] 4| 0| 41|205/%
|in mation 0|28 4| 0{ 0| 0} 15/ 1| 0] 0| O O] 4| 1} 3| 2| 58/365|91
Fallto o| o 1{ o| o/ 1] of 1 o0} 0| Of O} 3| 0/ 0| O| 6] 43{%
lower level 0| 2| 1 0| 0/ 1] 2, 0] 0] 0| Of 1] 1] 0] 1] 0| 9]|57|9
Fall at 0| 2y 0| 0|0, O| Of{ Of 0| 0 O O] O] O 141 4| 29|90
same level o/ 1) 0| 1| 0| o 2 o of 0| 0f O] 1] O] 0| 0 5]31)9
Steppedonuneven | 0| 2| 1| t{ 0| O0{ 6| 1| of 1| 0 0f 0y 0 2| 1| 15/108{9%0
surface or tripped 118 2/ o] 1| ol 2/ o of 1/ of 0| 3] 0f 1] 0] 14| 8891
Falling 0| 4| 1| o| o/ of 3/ o0 O} 0f O] 0} 0| Of 1} 0| 9|65|9%
objects 0| 4| 0f 0| O 0| 2y 0 O 0y Of 0Oy O Of O] O| 6| 38|9
Other contact with o] 5| 2] o o/ 2| 3, of o t| of of 1] 1| O| 0| 15/108|%
objects at rest o| 2y 2| o 1| o 1 o 0| 1] 0/ 0| 2{ 0] 1| 0| 10| 63|91
Handling 11 4] 0| 0/ of 0| 2| 0f 0| 2| 0 O| 8} 1| 2| 0} 15/ 108(%
accident 1t 1] 2|t of 2| 0| 1 ol 1 0] 0] 3 1 21 0| 25|157 |91
Contact with chemicatl 0 | 1| 1| ©} o] o, of ©of o0f 0| 0 O 0] 2 1| 0| 5;36/9
or physicalcompound| 1| 4| 0| 0| 0/ 1} Ol 0 0| 0] 0 0} O] O} 11 8| 509
Muscular 2| 5] 1] o 1| 1] 2{ o ol o 1, 0| 1| Of 0| O| 141101/90
strain 1 3] 1 0| 0f 0| 4, 0/ 0| 0| 0/ 0] 2| 0] 1 0] 12| 75|91
Splinters, o 5| 0of{ 0| of O 0/ O O 1] 0 Of 1| 3| 3| 1| 14/101|%
|splashes ol 2y 1| 1| o 0o 3 o 1| 1y 0 0| 0] O] 0| 0| 9|57|9
Electrical ol o ol o/ of o/ of 0of of 0| Of O| 1, O O| O} 1[/07|%
current of o| ol o] o 0/ 0| 0f 0| 0| Of O| Of O] O| Oy O] 00]9
Extreme o{ o| ol of o] o of of 0| O0f Of 0| 0y Of 0| O] 00019
temperature 0| 1| ol 0of 1| 1| 0| 0 o0} O] 0| 0| O, O] O} O] 3!189
Total 34| 9f 1| 1| 6| 28/ 38 0 5| 2, 0| 15) 8} 14| 3| 139, 100|%0

4 | 61| 13} 3| 3] 5] 3t 2| 1 4/ 0/ 1 16| 2| 10| 3| 159 10091
% 22|295| 65] 07| 07 43|20t 22| 00| 36/ 14 00108 58| 10.1| 22| 100 20

20(384| 82| 19| 1.9 311|195 1.3/ 06| 25 00 06]101] 1.3 63] 19| 100 91

— Ciriteria for selection of contractor

— Responsibilities and communication between op-
erator and contractor in connection with compli-
ance with regulations

~ Working environment of contractor employees,
stressing occupational hygiene, ergonomics, per-
sonnel qualifications and organisational factors,
including working hours.

The audits showed that operators frequently specify
requirements for contractors in the field of safety,

toring, personnel qualifications, environmental
studies, safety delegate systems and working envi-
ronment committees.

Confusion was also shown between operator and
contractor regarding who was responsible for exam-
ining the working environment, implementing im-
provement measures, monitoring health, inspecting
time sheets, etc.

Technical assessments and information to em-
ployees about health hazards when using chemicals
is generally defective.

Measures to reduce the problems of noise in ce-
ment units have received little attention.

Ergonomic factors for well service personnel are
less than satisfactory and seem clearly to have at-

~tracted too little attention. Heavy lifting operations,-

cramped space, time pressure, cold and draughts,
combined with the design of the equipment, contrib-
ute to muscular strain injuries and sickness absence.
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Table 4.8.6.¢
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Work accidents in connection with drilling from mobile installations in 1990-91 showing type of incident and

contributory factor.

Contributory &? 8
factor 3 5 g g g |« -
< £ & 28 | 8 8
£ el | 22|28 | 2 =
[ 5 5le5 |28 8®1 |8 g2
CE| B |eElSE G285 €2 _ | = o
L 25 = 2 5| 8B | 21 £5 | 83 & = <
Injury incident 58| & |22/ fE|Ss|58|858 |88 £ o e |4
Other contact with
objects/machinery 5 3 0 6 6 0 17 4 0 41| 295{ Q0
in motion 1 4 0 14 3 0 30 5 1 58| 365| 9
Falto 0 0 0 1 4 0 1 0 0 6 431 9
lower level 0 0 0 0 6 0 3 0 0 9 57| 9
Fall at 0 0 0 1 2 0 1 0 0 4 29| 90
same level 0 0 0 0 4 0 0 1 0 5 31| 9
Stepped on uneven 1 0 0 0 8 1 2 3 0 15 108 | 90
surface or fripped 0 0 0 2 9 0 0 3 0 14 88| 91
Falling 0 1 0 1 0 4 3 0 9 65 90
objects 0 1 0 1 1 0 2 1 0 6 38| o
Other contact with 1 1 0 1 6 0 3 3 0 15 108 | %0
object at rest 2 1 0 0 7 0 0 0 0 10 63| 9
Handling 0 2 0 6 0, 0 4 3 0 15, 108| %0
accident 1 1 0 18 2 0 2 1 0 25 157 | 9
Contact with chemical 0 0 0 4 0 1 0 0 0 5 36| 90
or physical compound 0 0 0 4 1 1 1 1 0 8 50 9
Muscular 1 2 0 2 2 0 2 4 1 14 101 9%
strain 0 0 0 1 1 0 5 3 2 12 75| N
Splinters, 0 0 0 8 1 0 0 5 0 14 101} 90
splashes 0 0 0 4 0 2 0 2 1 9 57| 91
Electrical 0 0 1 0 0 0 0 0 0 1 07| %
current 0 0 0 0 0 0 0 0 0 0 00, 91
Extreme 0 0 0 0 0 0 0 0 0 0 00| 90
temperature 1 0 0 1 0 0 0 1 0 3 19| 91
Total 8 9 1 30 29 2 34 25 1 139 100! 90
5 7 0 45 # 3 43 18 4 159 100 9
% 58 6.5 07 218 209 14 245 18.0 0.7 100 20
3.1 4.4 0.0 283 214 19 270 1.3 25 100 91

Well service personnel are usually so few on each
installation that they do not have a special safety
delegate. It seems often to be the case that the drill-
ing contractor’s or operator’s safety delegate re-
sponsible for the area is not aware of his responsibil-
ity for contractor personnel, for which reason well
service personnel often fall outside the delegate sys-
tem. Another difficulty is that the safety delegate is
not always adequately qualified to look after the
working environment of well service personnel.

The Directorate’s audits revealed many violations
of working hour provisions. In some cases well ser-

ent position to work more than 16 hours without rest
which qualifies as such. There were large differences
between companies regarding the definition of per-
sonnel who held leading or particularly independent
positions.

Employees who often work long duty periods
without adequate rest represent a threat to safety.
The Directorate considers it irresponsible for per-
sonnel working with wells under pressure, pressure
testing, explosives, radioactive isotopes, chemicals,
etc, to work hours longer than are normally ac-
cepted in the industry. The provisions in the Work-

vice operators have worked for Ionger than 24 hours
without an off-duty period. It is not unusual in some
operating companies for employees who are re-
ported as holding a leading or particularly independ-

ing Environment Act concerning offshore working
hours ought also, the Directorate feels, provide the
standard for well service employees having leading
or particularly independent positions.
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4.9.2 Installation manning

The size and composition of installation crews is de-
termined by prevailing conditions, such as the type
and scope of activities on the installation, the choice
of technical solutions, the age of the installation,
personnel qualifications, organisation and manage-
ment. Any assessment of installation manning must
therefore build on a detailed understanding of each
particular installation.

In 1991 the Directorate looked in particular at
Elf’s plans to reduce crews in connection with de-
clining activity on DP2 and Phillips’ plans for vari-
ous rationalisation measures on Ekofisk field instal-
lations.

4.9.3 Accommedation

Living quarters — flotel

During the entire year there was a heavy demand
for accommodation on Ekofisk due to the high level
of activities, particularly in connection with the up-
grading work on the Ekofisk tank. In February Phil-
lips hired the Safe Lancia flotel, a vessel with 358
beds, hooking it to the field centre by footbridge. As
Phillips was planning work requiring another 200~
300 beds, the Rigmar 301 jack-up was also hired,
with 336 beds. This installation is being refurbished
and a new living quarters module with 256 beds has
been constructed. This upgrade took longer than
projected and the application for consent to use was
not submitted to the Directorate until December.
The application concerns three years with an option
to extend. Phillips is also considering more per-
manent solutions to increase accommodation capac-
ity on Ekofisk. ,

Oseberg C which entered service in 1991 is equip-
ped with living quarters for 122 persons. The Poly-
confidence fiotel is linked to the Oseberg field cen-
tre. The Directorate have also consented to the use
of the mobile Borgila Dolphin, which will act as sup-
port vessel and flotel for a period of three years.

Older installations

As production declines and revenues decrease, sev-
eral operators-are locking at the options for deman-
ning and remotely controlling older installations.
Phillips has applied to remotely control Vest Eko-
fisk (2/4 D), in which case the living quarters will be
converted to emergency quarters for maintenance
personnel, who will otherwise commute back and
forth, being on the platform only by day.

EIf has implemented a reduction in crew on DP2
in connection with which parts of the quarters have
been closed down, and other functions have been
reduced to match the smaller crew.

The Edda installation quarters are not up to regu-
latory standard. In 1986 Statoil was awarded consent
to develop the Tommeliten field, and consent to

the end of 1991; however, Phillips has been advised
that this dispensation will not be extended and that
the living quarters on Edda will need to be upgraded
to meet regulation standards.

Statoil was awarded consent to erect a new ac-
commodation and office module on Statfjord C,
which will supplement existing facilities and be in-
stalled in 1992.

Remote control installations

During the year permission was given to start fabri-
cation work on the Embla installation. Phillips is the
operator for this installation which will be controlled
remotely from Eldfisk 2/7 FTP and maintained by a
commuting maintenance crew. Embla has emergen-
cy quarters with overnight capacity for 12 persons
should the weather prevent disembarkation. The
Directorate expects other fields to be developed ac-
cording to the same pattern in the future.

4.10 CONTINGENCY PREPAREDNESS

4.10.1 Helicopter operations on Norwegian sector
In 1989 the Civil Aviation Authority presented a
concept for operations in the Norwegian sector of
the North Sea.

This concept contains certain recommendations,
including the formalisation of the Helicopter Flight
Information Service for helicopter pilots. This
means that the personnel advising and routing infor-
mation to the pilots are given a course of training
and take a final exam, receiving certification as for
personnel in charge of similar services to aircraft at
land stations.

The HFIS has been established in the Ekofisk,
Gulifaks and Oseberg areas in order to cover the
southern and middle parts of the North Sea.

Several of the recommendations of the air oper-
ations concept of 1989 have been implemented or
are in the process of being implemented. In 1991,
however, a revision of the concept was instigated
aimed at further safeguarding helicopter flights up
to year 2000. This revised concept seeks to improve
navigation services, alarm services, and helicopter
routines on deck. Finalisation of the concept is ex-
pected by the end of 1992.

4.10.2 Removal of man-overboard boats
In 1991 EIf applied to the Directorate for dispensa-
tion from the regulatory requirement to hold fast
MOB boats on its Frigg and Heimdal installations.
The company wanted instead to upgrade its re-
sponse to man-overboard situations on standby ves-
sels.

This matter was considered at great length in the
Directorate, particularly regarding whether or not it
was acceptable to concentrate all man-overboard re-

‘hook up-the subsea-installation to-Edda; where Phil-———sources-in-one-place-(on-the standby vessel)

lips is the operator. The Directorate gave Phillips
dispensation from the Provisional Regulations for
Living Quarters on Production Installations etc until

The Directorate was unable to recommend dis-
pensation, and EIf appealed the decision to the Min-
istry of Local Government, who rejected the appeal.
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4.10.3 Preparedness on Eldfisk 2/7 A and FTP
The Directorate looked at emergency services on
these installations in connection with supervision in
the early summer 1991. Several aspects of prepared-
ness were so seriously out of line that the operator
decided to shut down operations for a brief period.
The report from the inspection sparked off many
activities in Phillips, directed both at the installa-
tions mentioned and at the company’s general fol-
low up of preparedness on its installations.

4.10.4 Helideck on Ekofisk tank

Phillips and the Directorate have been assessing the
risks of using the helideck on the Ekofisk tank (2/4
T) for a long time. The deck is fitted with one of the
two hangars on the Ekofisk field centre.

This hangar was required for maintenance of one
of the two shuttle and SAR helicopters on Ekofisk;
the other uses the hangar on the hotel platform 2/4
H.

In order to reduce the sources of risk on 2/4 T as
far as possible, Phillips decreed that all flights to the
helideck will cease effective 1 November 1991.

Phillips has an agreement with Amoco-to use the
helideck and hangar on Vathall until such time as a
hangar can be provided on Ekofisk.

4.10.5 Saga’s preparedness on 2/4-16
The audit following the Treasure Saga accident on 2/
4-16 revealed several deficiencies in Saga’s govern-
ing documents and their use.

On the preparedness side there are three things
that stand out:

~ Compliance with Oil Industry Association guide-
lines for safety and preparedness training

— Implementation and use of emergency drills

— Internal alert systems on installation.

4.10.6 Foreign rigs without letters of compliance
Mobil chose the UK registered Sovereign Explorer
to run two wells on blocks 35/11 and 33/9.

When using foreign installations in the Norwegian
sector, operators have usually obtained a Letter of
Compliance from the maritime authorities in Nor-
way. This has provided a yardstick by which to
evaluate the installation’s compliance with Norwe-
gian maritime legislation. In this case the rig owner
chose Det norske Veritas as consultants to evaluate
compliance.

Mobil assured itself through its quality assurance
system that the installation satisfied the require-
ments in force for mobile installations operating in
the Norwegian sector.

The Directorate’s experiences with this type of
approach have been most satisfactory.

redness exercises. Operating companies often hold
one such major exercise each year, when the Direc-
torate has a role to play in our own command cen-
tre. These drills provide a forum for inhouse train-
ing of Directorate staff, and simultaneously provide
a good insight into operating companies’ emergency
response systems.

The major national and international exercises
where the Directorate takes part are Sosex and
Bright Eye. The first of these involves mobilising the
Governmental Action Control Group, of which the
Directorate is a part. The second is an international
Search and Rescue exercise, with full participation
by SAR groups from countries around the North
Sea. The exercises include SAR sorties in connec-
tion with offshore petroleum operations.

These comprehensive exercises provide invalu-
able information on the total resources available and
their capabilities.

4.10.8 Personnel qualifications

There has long been a general requirement in the re-
gulations for special qualifications for all personnel
intended to perform specific tasks in an emergency
situation.

On fixed installations the Oil Industry Associa-
tion’s guidelines for safety and preparedness train-
ing have long been the accepted standard for such
traitiing.

The Directorate has been concerned that similar
training for personnel on mobile installations should
be upgraded. In 1991 the Oil Industry Association
and Norwegian Shipowners Association reached
agreement on a new curriculum for training, which
builds on basic training and refresher courses at
four-year intervals. The Directorate is very pleased
with this development.

4.11 DRILLING

The Directorate’s activities in 1991 in the services of
drilling and well technology were marked by the
rapid technological development which character-
ises this field. Development is driven by the large
risks connected to drilling and well operations, the
ever-increasing emphasis on the global environ-
ment, and the fact that activities offshore Norway
are likely to enter areas where improved technology
and methods are crucial.

4.11.1 Exploration drilling in North

In 1991, three wildcats were drilled in the Barents
Sea; for which two mobile rigs were contracted, Po-
lar Pioneer and Sonat Arcade Frontier. The latter
needed to enclose its production test equipment be-
fore permission could be granted to operate in the
area. No untoward problems were reported in con-

4.10.7 Exercises

Once again, in 1991 the Directorate took part in
many emergency drills in cooperation with the oper-
ators and major national and international prepa-

nection with the external environment.

4.11.2 High-pressure wells :
Partly as a result of advanced techniques which will
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become appropriate for future field development
projects, and partly due to critical operational inci-
dents in recent years, the Directorate was particu-
larly concerned with the following disciplines in
drilling and well technology:

— Effects of relatively narrow kick margins applying
in high-pressure wells

— Effects and consequences of high pressure

— Effects and consequences of high temperature.

Also the problems that arose while drilling well 2/4—
16, causing the drill string to be cut on account of
escaping gas, led the Directorate to commit consid-
erable energy to examining the incident.

The Directorate’s follow-up sought to identify as
broadly as possible the various factors which trig-
gered the incident. It was particularly essential to
clarify the course of events, causalities, and possible
consequences for future drilling operations.

4.11.3 Horizontal wells

The trend in recent years toward increasing numbers
of high-deviation wells was further reinforced in
1991. As Table 4.11.3 shows, the number of highly
deviated wells increased markedly, as did the pro-
portion of wells where the deviation is so pro-
nounced that they can usefully be defined as hori-
zontal.

Highly deviated and horizontal wells make a use-
ful contribution to the economics of many develop-
ment projects since they enable one installation to
drain a much larger area. Recent years have brought
notable technical advances in the field and there is
all reason to suppose that the progress shown in the
table will continue for years to come.

Table 4.11.3
Number of wells with maximum deviation 60° — 90°

Year/< 60°-65° | 65°-70° | 70°-75° | 75°-80° | 80°-90°

1984
1985
1986
1987
1988
1989
1990
1991
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4.11.4 Deepwater drilling
During the present decade one expects blocks to be
allocated in areas where the ocean is very deep
(1000-2000 m, Veringplatdet). As one approaches
water depths of 2000 m, one simultaneously ap-
proaches the limits of modern technology.

The Directorate has endeavoured to identify the

on this type of operation well in advance of any such
allocation, to that any adjustment of the regulations
can be considered in advance.

4.11.5 Subsea production systems

Field developments in the years ahead will increas-
ingly draw on subsea production systems. The Di-
rectorate considers it important to analyse the tech-
nical and safety aspects of the available technology
as best possible, to provide the basis for regulatory
adaptation and supervisory control.

For development concepts utilising tension-leg
platforms (TLP), studies will be necessary to ex-
amine the safety aspects of tie-back systems. To
begin with potential weak spots between the produc-
tion tree on the installation and the wellhead on the
seabed (mudline) will be examined. Later it will be
necessary to carefully study the applications of the
flexible flow lines which will be used.

An important target of the studies will be to ex-
amine the risk of flowline rupture and identify the
most appropriate backup systems to contain any re-
sulting damage as best possible.

4.11.6 Cuttings reinjection

Following from the growing environmental aware-
ness of those involved on the Norwegian continental
shelf and increasingly stringent government require-
ments, the industry has made active efforts to de-
velop methods to solve the problems associated with
oily drill cuttings. To date the normal course is to
dispose of the cuttings on the seabed close to the in-
stallation.

Several operators have now conducted tests to
bury the cuttings in the well, and results of these
tests were so promising that one can speak of a
breakthrough for this type of technology.

The method involves finely grinding the cuttings
which come to the surface while drilling, and rein-
jecting the slurry in a suitable well. The injection
takes place into the annulus between two layers of
casing via the wellhead on the drilling installation.

Drilling of an ordinary well produces about 500
tons of oily cuttings. From 1 January 1993 the clean-
sing requirements for oily cuttings will be so strict
that the only practicable alternative will be shipping
the waste back to land for disposal. Apart from the
high costs of storage, loading and shipment this in-
volves, there are also well recognised environmental
drawbacks to land disposal.

There is therefore all reason to believe that the re-
injection of cuttings slurry into available annuli will
be the preferred disposal method in future.

4.11.7 Daily drilling report system, DDRS
As the volume of data and staff experience with data
usage builds up, the Directorate is drawing more
and more benefit from its Daily Drilling Report Sys-
tem database.

Many enquiries have come in from operators,
contractors and research institutes regarding data in

sponded with the information on hand.
Figures 4.11.7.a and b illustrate the times spent
on various activities in connection with production
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and exploration drilling in 1991, as taken from the
database.

4.12 NATURAL ENVIRONMENT DATA

The acquisition of natural environment data such as
information on currents, wind strengths, wave
heights etc from Ekofisk, Frigg, Statfjord and the
mobile rig Polar Pioneer continued satisfactorily in
1991. On the other hand there were certain difficul-

Fig. 4.11.7.a
Daily drilling report system 1991 — Production
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ties obtaining the projected data quantities from
monitoring systems on Deepsea Bergen and Ross
Rig. With the help of the Norwegian Meteorological
Institute the Directorate supervised the collection of
data from these installations. This assistance scheme
worked extremely well and is a powerful contributo-
ry factor to the good quality of control in this field.
In 1991 further efforts were made to initiate envi-
ronmental data acquisition from Draugen once the
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Fig. 4.11.7.b
Daily drilling report system 1991 — Exploration

Formation evaluation
20,08%

Workover 0%

Main operation: Exploration

Completion 0,72%

Interruption 18,06%

Plug and abandon

Be-

Drilling 51,20%

6,15%

Total: 82 623 hrs




NPD Annual Report 1991

installation is in place. The operator, Conoco, has
also been ordered to collect environmental data on
Heidrun. All told this will mean six permanent
monitoring stations off the Norwegian coast.

Again in 1991 the Directorate collected natural
data from the Barents Sea (Nordkappbanken), Vg-
ringplatiet, and the weather ship Polarfront. For
two years now Coast Guard ships have been re-
cruited to set out and collect monitoring equipment.
In 1991 four sorties were undertaken with the assist-
ance of the Coast Guard in a programme that means
economic savings.

In 1991 the natural data project had an overall
budget of about Nkr 5.9 million. Data were col-
lected on wave heights and wave set, current veloc-
ity and current set, and meteorology. The measure-
ment programme was put out on contract to Oce-
anor.

4.13 STRUCTURES AND PIPELINES

4.13.1 Subsidence on Ekofisk

The gradual subsidence of the seabed around the
Ekofisk centre and Vest Ekofisk has been continu-
ing since the late 1970s. The causes are a combina-
tion of weak reservoir rock and declining pressure in
the reservoir, the latter being the result of depletion
of the oil and gas coupled with inadequate pressure
maintenance.

During the first half of the 1980s the subsidence
rate at the Ekofisk centre was about 0.5 metres a
year. Towards the end of the decade it had slowed
to about half, but increased again to 0.35 metres a
year in 1990 and 1991. The total subsidence of the
Ekofisk field centre is 5.2 metres. At 2/4 A and B
and Vest Ekofisk 2/4 D the rate is slightly less, the
totals to date being 2.6 and 2.9 metres, respectively.

It was anticipated that subsidence rates would
slacken off as the reservoir collapsed. The increase
in rate in 1990-91 tends to indicate that there are
other causes at work and an explanation using
simple models is difficult to find.

The subsidence means that the clearance of the
deck structures above a 100-year wave is less than
intended. Installations at the field centre were there-
fore jacked up in 1987 to maintain the necessary
clearance. For the 2/4 A, B and D installations Phil-
lips is considering what measures to take to compen-
sate for the lower safety margin. For the time being
special procedures have been implemented to shut
down production if extreme weather conditions are
forecast.

Phillips has employed three types of systems to
measure subsidence: pressure sensors, satellite rang-
ing, and direct measurements of installation clear-
ance above sealevel.

Phillips has also performed analyses of environ-
mental loads, which include measurements taken
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measurements and examine suitable measurement
methods so as to produce the best possible synopsis
of the subsidence question.

4.13.2 Flare stack crack formation

Several cracks were discovered in the Statfjord B
flare stack in 1991, which in conjunction with earlier
observations persuaded the Directorate of the ne-
cessity to reassess whether the regulations are ad-
equate in respect of the problem.

The cracks are above and below the bracings,
which would seem to indicate that the bracings have
moved laterally to the prevailing wind. The cracks
must have formed by the influence of wind eddies
on certain braces and heavier framing, causing re-
sonant movements. On Heimdal and Statfjord A
visual observations had previously been made of fla-
re stack sections which experienced vibration. These
factors seen in conjunction with each other provide
a reliable basis on which to determine the causes
and effects.

The results of the Directorate’s reassessment are
that DIN 4133 would seem to be preferable as the
reference in the Regulations for Structural Design,
so the old reference will be removed.

4.13.3 Storm damage

During the past decade storm damage has occurred
to fixed installations on several occasions. The Eko-
fisk area has been particularly exposed. Major dam-
age occurred in November 1981, January 1984 and
February 1988, culminating in the largest damage to
date in December 1990. The reasons Ekofisk is par-
ticularly damage prone are to be found in the combi-
nation of aging installations, freak waves which are
characteristic of the area, and reservoir collapse
which has reduced installation clearance above the
wavetops.

Very many cracks have been reported in second-
ary bracing on steel jackets, particularly in the
splash zone, where wave impact is heaviest in bad
weather. The number of cracks is greater on the
upper sides of braces. Such damage is the result of
waves crashing down on the brace from above. The
cracks as they stand are not considered to represent
an immediate safety problem.

4.13.4 Collisions
In 1991 two collisions were reported between vessels
and installations. In one case a vessel coilided with
the Gyda jacket. In the other a tanker bumped the
Gullfaks offshore loading buoy. In another accident,
a helicopter crashed onto Ekofisk 2/4 S without
causing damage to the installation.

In the last decade 13 collisions of ships with instal-
lations have been recorded. The rate is thus about
two collisions per 100 working years. A number of

over @ 10-year period. The results wilt provide the —— dents-in—steel jacketshave alsobeenobserved,

basis for future engineering and usage parameters
for the Ekofisk area.
Phillips has made strenuous efforts to analyse

which would indicate that unreported collisions may
have occurred. Three of the reported collisions were
between tankers and loading buoys, which would in-
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dicate that there is no difference between big and
small vessels when it comes to collision frequency.
This supports the Directorate’s view that if vessels
are to be permitted to enter the safety zone around
an installation, the installation must be designed
with collision in mind.

4.13.5 International standardisation

A committee was set up under the auspices of the
Norwegian Building Standards Council in 1990 with
the job of revising Norwegian Standard NS 3479 for
structural loads. The Directorate was represented
on the committee. After the committee started its
work, work also started on an European Commu-
nity standard concerning the same subject matter,
from which time therefore the Norwegian commit-
tee has become a consultative body for the EC
standard.

In 1991 the Norwegian Engineering Standards As-
sociation (NVS) set up Norwegian reference com-
mittees for a new ISO standard concerning Offshore
Structures, Pipeline Transportation Systems for the
Petroleum and Natural Gas Industries, and Line
Pipe. The Directorate was represented on the com-
mittees which all met for the first time in 1991.

4.13.6 Pipeline and structural damage reports, CO-
DAM

The CODAM, for COrrosion DAMage, database
covers damage and non-conformance of pipeline
systems and structures. Standard reporting forms
have been designed, and operators can choose be-
tween reporting in writing or employing a specified
data transfer format, depending on report volume.
The Directorate hopes this will simplify the report-
ing routines. The Directorate is also concerned that
operators and the industry as a whole should draw
benefit from the systematic experiential data that
the database can provide.

The database which has been in existence since,

1982, is presently undergoing extensive restructuring
to enable drawings to also be integrated and linked
to damage. The system is expected to become fully
operative in 1992.

4.13.7 Structural steel
Evolution in steel production has led to the types
now used for structural components possessing ex-
cellent weldability, while mechanical properties and
especially fracture toughness are good. This evolu-
tion is reflected in the operating phase, where faults
that can be sourced to the structural steel are few
and insignificant. In the Directorate’s view the Nor-
wegian offshore industry has been an important
source of momentum in the development of the
structural steel qualities currently in use.
Enthusiasm for using high strength steels in parts

perience in the material technology field, following
up field development projects and taking part in re-
search projects and standardisation committees.

4.13.8 Loss of Sleiprer A gravity base

On 23 August 1991 the Sleipner A gravity base sank
at its moorings during submersion testing in
Gandsfjorden. Despite the very short time it took
for the accident to happen, nobody was injured.

Statoil immediately established an Inquiry Group
comprising personnel from the company who had
not been involved in the Sleipner project. Repre-
sentatives from Norsk Hydro, EIf and Esso were
members of the group on behalf of the partners. The
Directorate held observer status in the group.

The Inquiry Group’s mandate was to find the
cause or causes of the base sinking and make the
necessary recommendations in connection with a de-
cision to construct a new base.

Underwater wreckage

Just as soon as it was possible to do so, a search was
initiated for wreckage using an unmanned subma-
rine. In all probability the concrete cells were cru-
shed as the gravity base sank, leaving the whole
structure to hit the bottom at high speed, and caus-
ing it to crumble into thousands of pieces spread
over a wide area. The bottom of the fjord is also
covered by a layer of mud up to 20 metres thick, so
that not all the wreckage is visible. The observations
of the wreckage were therefore unable to give any
clue as to the cause of the accident.

Causal relationships
The Inquiry Group has formed the view on the basis
of witness reports that the leak must have started in
the concrete wall between the T-23 tricell and cell
D-3. A tricell is the triangular space formed where
three circular cells meet. Further work concentrated
on analysing the base’s structural strength in this re-
gion.

The following main conclusions were formed as
the result of this analysis:

- The global analysis originally performed was in-
correct, leading to under-dimensioning of the
areas in question

- The reinforcement steel was inappropriate and in
places incorrectly detailed

— Nodes are designed as a continuation of the cell
walls between the cells, not as a support point.

The Inquiry Group has formed the opinion that all
the structures in the supposed area of failure should
have been right first time. The errors that in fact
were made, should at the very least have been de-
tected by the companies in their internal control
routines before construction work commenced. The

or all of the load-bearing structure is also growing
steadily. At the moment steels of strengths up to 500
MPa seem to be producing the best returns.

The Directorate is pursuing developments and ex-

group reviewed the internal management systems in
the project to see how errors of this type could be ig-
nored. Several points were found, the key ones be-
ing:
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— Experience transfer from the early project was in-
adequately supported

~ Verification requirements incorporated in Norwe-
gian Contractors’ contract with Statoil were
waived with Statoil’s consent

~ The verification carried out by Statoil should have
been more extensive and deeper-going

~ The product of considerable audit activity inhouse
and in respect of NC-was very small.

There is a tendency for more and more design work
to be done with the aid of computer programmes.
These often produce results that are not easily veri-
fied. On Sleipner A this tendency was very pro-
nounced.

Conclusions and recommendations

The Inquiry Group concluded that it has no hesit-
ation in recommending a new, concrete gravity base
for Sleipner A, provided the group’s recommenda-
tions are followed.

On the basis of the accident and the Inquiry
Group’s findings, the Directorate has planned su-
pervisory activities in 1992 which will be imple-
mented for operators who wish to use concrete for
their field development projects, in order to check
that the lessons of the accident are incorporated in
their projects. The experiences drawn from the Sle-
ipner inquiry process have also led the Directorate
to plan a review of internal control’s role, respon-
sibility and organisational location with the operat-
ing companies.

Experience from the accident has also led to a re-
vision of the guidelines for concrete structures in the
Regulations for Structural Design, which will be
issued early in 1992.

4.14 GAS LEAKS, FIRES AND OUTBREAKS

As discussed in section 4.7 above, the Directorate
conducted system audits of the oil companies’ sys-
tems for accident reporting in 1991.

The audit revealed large differences between op-
erators regarding the criteria underlying reporting of
gas leaks and fires to the Directorate.

Uniform reporting routines and criteria are im-
portant if such data are to be useful in any system-
atic approach to the Directorate’s supervisory activ-
ities and regulatory drafting. The Directorate feels
therefore that current practices are inadequate and

Table 4.14.1.a
Gas leakages detected by gas detection systems

has initiated cooperation with the Oil Industry Asso-
ciation to see if uniform reporting routines and cri-
teria can be developed.

4.14.1 Gas leaks
During the year 55 gas leaks were reported on fixed
and mobile installations, seven more than in 1990.
Figure 4.14.1.a breaks down the reported gas
leakages by severity. The divisions in the figure are
based on the Directorate’s appraisal of the course of
events and the risks the gas leak entailed. The figure
shows that most of the leaks were small and quickly
brought under control.

Fig. 4.14.1.a
Classification of reported gas leaks according to seve-
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Table 4.14.1 shows gas leakages in the given se-
verity categories as detected by the gas detector sys-
tems.

Figure 4.14.1.b serves to illustrate the causes of
the gas leakages. The causes behind a gas leakage
are often several and coincidental. The figure as-
signs the causal factors on the basis of the Directora-
te’s analysis of reports received. Human error is one
causal subcategory in the operational error catego-
ry. In turn a human error may have many under-
lying causal elements, such as poor preparation of
work, lack of training, lack of information, crossed
communications, and the stress factor.

Number Readingin % LEL
Severity Total detected
number automatically 20% 60%
Minor 36 11 9 2
Medium 18 9 3 6
Major 1 0 0 0

(LEL=tLower explosion limit)
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Fig. 4.14.1.b
Gas leaks — classification of causal relationship
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The statistics show that gas leakages of a more
serious nature are often the result of faulty connec-
tions and faulty valve operation.

4.14.2 Fires and outbreaks
The Directorate has records of 52 fires in 1991, ver-
sus 41 in 1990.
Fires in connection with welding operations ac-
count for most of the increase in the number of fires.
Table 4.14.2 summarises the scope and causes of
fires and outbreaks reported to the Directorate in
1991 and it will be seen that none of the reported fi-
res are classified as large fires (class L).

4.14.3 Halon usage

During the year the State Poltution Control Author-
ity (SFT) circulated a consultative document pro-
posing a revision of the Regulations for Production,

Table 4.14.2

Import, Export and Use of Chlorofluorocarbons
(CFCs) and Halons.

The revisions seek to include halon also for fire-
fighting purposes. The SFI’s intentions in this re-
spect have been known to the industry for some
time, and operators have displayed commendable
ability to adapt to the new regulations on new and
planned installations. Considering the announced
transitional arrangements, the Directorate does not
feel that the new regulations will represent a safety
risk to the petroleum industry.

4,15 DIVING

4.15.1 Diving operations

In the current period 1360 surface oriented dives,
1310 bell runs (in saturation), 170,200 manhours in
saturation, and zero monobaric dives were made on
the Norwegian continental shelf. This was about the
same level of activity as in 1990. The dives were car-
ried -out from nine different support vessels, as
shown in Figure 4.15.1.

Diving operations in the Norwegian sector were
as in previous years concerned with inspection,
maintenance and structural contracts on Ekofisk,
Frigg, and fields operated by Statoil and Norsk
Hydro. Diving in connection with construction work
was generally to hook up flowlines and risers and
give assistance with the emplacement of other types
of structures.

4.15.2 Diving accident survey

Figures 4.15.2.a and b provide a summary of the
events reported to the Directorate in the years
1985-91 in connection with diving operations. The
incidents are broken down into the following catego-
ries: near-miss, accident, fatal accident.

In 1991, no cases of decompression sickness were
reported in connection with saturation diving. Once
case was reported in connection with surface ori-
ented diving. Figures 4.15.2.c and d show how acci-
dents involving personal injury were divided be-
tween the various injury categories.

Summary of fires on mobile and fixed production installations

Construction Fixed installations Mobile installations
phase operating operating
phase phase

S L S M L S M L
Welding 17 3 ’ 1
Spontaneous ignition 10 7 1
Electrical short circuiting 6 1
Other causes 5
Total 38 10 1 2

S=Small, M=Medium, L=Large
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Fig. 4.15.1
Diving operations in 1991
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Fig. 4.15.2.a
Incidents in saturation diving
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Fig. 4.15.2.b
Incidents in surface oriented diving
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Fig. 4.15.2.c
Accidents in saturation diving — 1991
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4.15.3 Diving research

In 1989 the Directorate launched a common re-
search and development programme for diving tech-
nology (FUDT) with Statoil and Norsk Hydro. In

The Directorate is very pleased that the oil com-
panies can work together to reach common solutions
to pressing offshore diving issues.

In 1991, the Directorate provided an observer to

1990, Saga joined the programme and yet other oil
companies have made contributions in certain fields,
either on an independent basis or through the Oil
Industry Association.

the steering committee for the HADES project,
which is a research programme looking into decom-
pression, financed by Phillips. The project, started
in 1990, is planned to finish in 1995.
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Fig. 4.15.2.d
Accidents in surface oriented diving — 1991
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In 1990, the Directorate carried out a project
aimed at standardising decompression procedures.
The project also looked at compression, living at
habitat depth, and excursions from habitat depth.
All Norwegian diving contractors who are active in
the offshore industry took part as did representa-
tives from the oil companies and employee organisa-
tions. The outcome of the project is a recommended
standard for diving to depths of 180 meters.

It now seems that most operators choose to speci-
fy this table in their contract criteria, which the Di-
rectorate notes with satisfaction.

In 1991, the Directorate also implemented a pro-
ject aiming to produce standard impurity thresholds
for hyperbaric environments. Representatives from
the diving industry and employee organisations took
part in this work which was led by an external pro-
ject supervisor.

By way of following up an extended survey of the
effects of diving on the nervous system, the Directo-
rate carried out a project to analyse data from this
long-term study, though limited to divers who have
received their certificate since 1980.

4.15.4 Regulatory drafting

In 1991 the Directorate issued guidelines for evalu-
ation of breathing apparatus for use in manned
underwater operations in the offshore industry,
These guidelines were prepared in conjunction with
the UK authorities. The Directorate has suggested

erations have been in effect for a year, the Directo-
rate is beginning to see the positive effects of its use.
Although some work remains before the regulations
can be said to be fully effective in the industry,
things are moving in the right direction. Areas
which require further effort if the regulations’ inten-
tions are to be fulfilled, are such factors as ergono-
mics in the control room, chamber facilities and div-
ing bells.

The Directorate has noted that operators have
been slow to apply their skills in risk analysis to the
problems of manned subsea operations. The Direc-
torate is convinced companies could apply such
methods to good advantage also in the underwater
context.

Through supervisory activities in conjunction with
the Norwegian Directorate of Health, the Directo-
rate has noted that it is difficult to attain the estab-
lished goals for health matters. One significant rea-
son for this is employment conditions in the indus-

try.

4.15.5 Database development
In 1990 the Directorate was concerned to identify
information needs and develop databases in manned
subsea operations and mechanical equipment. The
work was continued in 1991, when it formed part of
a general programme for information management
in the Directorate.

During 1991 a new version of the manned subsea

to the Norwegian Standardisation Organisation that
the guidelines should be put forward as an interna-
tional standard.

Now that the Regulations for Manned Subsea Op-

operations database was established, and as a trial a
new reporting form for accidents and incidents was
used which is an annex to the RTV form. .
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5. Petroleum Economy

5.1 EXPLORATION ACTIVITY, GOODS AND
SERVICES

The exploration drilling activities increased rela-

tively steadily between 1966 and 1985, when 50 new

exploration wells were commenced. 1991 saw the

commencement of 47 new exploration wells, a level

identical to 1984.

Figure 5.1.a shows the costs of exploration from
1980 onwards. These costs include exploration drill-
ing, general surveys, field evaluation and adminis-
tration.

Shown below are the exploration costs for 1991
split by goods and services. The amounts represent
provisional estimates from data reported by the op-
erating companies. The same statistics produced the
piechart in Figure 5.1.b, which shows the percentage
breakdown between the different expenditure types.

Exploration costs Nkr million
Exploration drilling 5586
of which:

~ Drilling installations 2011

— Transportation costs 722

— Goods 1006

— Technical services 1847

General surveys 1138
Field evaluations 812
Administration (incl acreage fees) 1017
Total 8553
Fig. 5.1.a

Exploration costs per year 1980-1991

Fig. 5.1.b
Qil and gas exploration costs in 1991
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Figure 5.1.c shows the mean drilling costs per explo-
ration well. Exploration wells are wildcats and ap-
praisal wells. Drilling costs in 1991 were almost Nkr
5,600 million.

5.2 COSTS OF DEVELOPMENT AND OPER-
ATION
The Directorate has calculated annual costs in con-
nection with the development of offshore fields, in-
cluding production drilling, for the period 1970-
2013. The costs include fields in production, fields
under development, and fields for which the de-
velopment plans had been approved at 31 December
1991. Where fields straddle the sector dividing line
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Fig. 5.1.c
Drilling costs per well
_ ay
Mill 1991 - NOK. A
160
140
120
wo a
ao
so
20
o
90 Year

between Norway and the UK, only the Norwegian
parts have been included. The following fields and
transport systems are included in the calculations:

— Frigg (including pipeline to St Fergus)
— Albuskjell
— Ekofisk area (Vest-Ekofisk, Cod, Edda, Eldfisk,

Historical and approved investments for field de-
velopment and transport systems for petroleum are
shown in Figure 5.2.a. All amounts are given in
fixed 1991 kroner. Investments increased steadily
until 1976 when they reached a provisional high,
then slowed in the years thereafter until a new in-
crease occurred from 1981 on. A temporary peak
was reached in 1984, when 28.3 billion 1991-value
kroner was invested on the Norwegian continental
shelf. Taking new decisions into account, the invest-
ment level will approach 40 billion 1991 kroner in
the first half of the present decade.

In 1991 the following fields were approved for de-
velopment:

— Heidrun

— Tordis

— Lille-Frigg
— Loke.

During 1992 the Storting will evaluate other plans
for development and operation. If these are ap-
proved the investment curve will show a much gen-
tler gradient later in the decade.

The annual operating costs, including pipeline op-

Ekofisk) erating costs, are shown in Figure 5.2.b. The level of
— Nordgst-Frigg demand for goods and services for operations has in-
— Ost-Frigg creased considerably, and will continue to increase
— Gulifaks for some years as more fields come on stream. Op-
— Heimdal erating costs therefore appear to be the most serious
— Murchison cost component henceforth, and it will be essential
- Odin to seek to reduce such costs from now on.
— Oseberg Transport System ’
— Oseberg 5.3 ROYALTY
— Statfjord The Directorate has been delegated the responsibil-
— Tommeliten ity for collection of royalty from petroleum produc-
— Tor tion.
- Ula Production royalty is calculated as specified in the
— Valhall Petroleum Act, which came into effect from 1 July
— Norpipe 1985. The formula for calculating the royalty is the
— Statpipe
~ Veslefrikk Fig. 5.2.
_ E}r}?c;il Oseberg Gas Injection Investments in fields and pipelines on the Norwegian
— Troll Phase 1 shelf
— Sleipner Dst
—~ Zeepipe }bﬁ
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Fig. 5.2.b
Operating costs for fields and pipelines on the Norwe-
gian shelf
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value of petroleum production passing each field’s
loading point. In practice the formula for the calcu-
lation is the difference between the gross sales value
and the costs incurred between the taxation point
and the point of sale.

The interpretation and enforcement of the current
rules and regulations for royalty calculation involve
problems of a legal, economic, processing and meas-
urement nature.

For some fields the cost of transport is higher than
the gross sales value for the specific petroleum prod-
uct. This applies especially to gas. Under such cir-
cumstances no royalty is charged.

A case is currently before the courts concerning
setting off the tax bases for oil and gas. The Stat-
fjord licensees, except Statoil, have claimed that the
tax base for gas royalty, which is negative due to low
gas rates and high transport costs, should be deduc-
tible from the tax base for oil, which is positive. The

Norwegian State contests this claim. The Oslo City
Court in judgment of 26 April 1991 found for the
State, hence separate calculations must be made for
oil and gas royalty. The licensees have appealed this
decision, however, and the Supreme Court will ex-
amine the matter directly. The amounts concerned
are quite considerable.

In Odelsting Proposition no. 64 for 1986-87, an
Act regarding certain revisions to the Petroleum
Act, it was decided that royalties would not be
charged for production from areas for which the de-
velopment plans were approved after 1 January
1986.

In Odelsting Proposition no. 12 for 1991-92, an
Act regarding certain revisions to the Petroleum
Taxation Act, it states that the Ministry of Petro-
leum and Energy intend to set the royalty to zero for
gas produced from fields which under today’s rules
must pay royalty. This means that from now on, roy-
alty will only be claimed on oil.

5.3.1 Total royalty
The total of royalties collected in 1991 was Nkr
8,940,235,918. Table 5.3.1 shows the breakdown
over the different petroleum products for 1990 and
1991.

Figure 5.3 shows royalty receipts for the period
1973-91.

5.3.2 Royalty on oil

In 1991 royalty of Nkr 8,049,393,092 was collected
for oil production from the Ekofisk, Valhall, Ula,
Statfjord, Murchison, Heimdal, Oseberg-and Gull-
faks fields; see Table 5.3.2. Royalty for oil is taken
out in kind. The sale of this, the State’s, royalty oil
is the responsibility of Statoil, and payment for the
sale is made from Statoil to the Directorate on a
monthly basis. Settlement is at the norm rate fixed
by the Petroleum Price Council.

Table 5.3.1
Paid-up royalty in 1990 and 1991 (mill Nkr)
1990 1991
OIL EKOFISK/VALHALL/ULA 1 808.4 1790.9
« STATFJORD 4 591.7 4 866.9
« MURCHISON 23.3 29.1
« HEIMDAL 11.1 9.9
« OSEBERG 589.9 692.0
« GULLFAKS 495.4 660.6
GAS/NGL EKOFISK FIELDS 408.7 471.6
« VALHALL 29.2 23.3
« ULA 0.0 0.2
« FRIGG N@-FRIGG,0ODIN 440.4 329.8
« STATFJORD 0.0 0.0
« MURCHISON 0.7 1.3
« HEIMDAL 726 64.6
« OSEBERG 0.0 0.0
« GULLFAKS 0.0 0.0
TOTAL 8471.4 8 940.2
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Fig. 5.3
Royalties paid 1973-1991
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Table 5.3.2
Paid-up reyalty on oil, 1991
Area/field 1st half 2nd half Total 1991
EXKOFISK, ULA AND VALHALL 877 513 299 913 362 092 1790 875 391
STATFJORD 2 577 636 614 2 289 271 429 4 866 908 043
MURCHISON 9 566 763 19 575 924 29 142 687
HEIMDAL 4 441 636 5 463 619 9905 255
OSEBERG 288 080 149 403 889 .691 691 969 840
GULLFAKS 262 441 260 398 150 616 660 591 876
TOTAL 4 019 679 721 4 029 713 371 8 049 393 092
Table 5.3.3
Paid-up royalty on gas and NGL in 1991
1st half 2nd half Total 1991
EKOFISK AREA
Phillips-group 147 618 105 318 060 .002 465 678 107
Amoco-gr.(Tor) 915 310 -87 070 828 240
Shell (Albuskj.) 1 803 271 1 970 085 3773 356
Dyno/Methanor 782 040 559 430 1341 470
Total Ekofisk area 151 118 726 320 502 447 471 621 173
FRIGG AREA
Petronord-group 111 092 958 125 585 977 236 678 935
Esso (N@-Frigg) 6 774 663 12 394 708 19 169 371
Esso (Odin) 35 270 404 38 649 654 73 920 058
Total Frigg area 153 138 025 176 630 339 329 768 364
VALHALL 13113 943 10 228 574 23 342 517
ULA 91527 98 561 190 088
STATFJORD 0 0 0
MURCHISON 875 060 458 870 1333 930
HEIMDAL 22 266-518 42 320236 64 586754
OSEBERG 0 0 0
GULLFAKS 0 0 0
TOTAL ALL FIELDS 340 603 799 550 239 027 890 842 826
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5.3.3 Royaity on gas and NGL

The royalty collected for gas and NGL in 1991
amounted to Nkr 890,842,826. Table 5.3.3 shows
the receipts on a half-yearly basis by company and
partner groups.

The settlement, which is in cash, is on a six-mon-
thly basis, wi‘thva three-monthly term for payment.

No gas royalty was paid for the Statfjord, Oseberg
and Gullfaks fields for 1991, due to the high trans-
port costs.

The settlement for gas is related to gas contract
prices, which vary for the different groups.

The delivery of gas to Dyno-Methanor was dis-
continued from 1 July 1984. The receipts from, and
refunds to, Dyno-Methanor relate to the transporta-
tion and processing of gas already received and paid
for.

5.4 ACREAGE FEES IN PRODUCTION LICEN-
CES

The Directorate collected Nkr 659,040,113 in 1991

in acreage fees. With reference to licence year the

receipts were as follows:

NPD Annual Report 1991

Licence awarded Nkr
1965 98,140,000
1969 56,768,198
1971 5,502,000
1973 69,434,798
1975 70,688,946
1976 73,686,930
1977 13,916,349
1978 31,034,739
1979 83,284,352
1980 2,940,926
1981 23874028
1982 13,003,160
1983 6,868,029
1984 26,807,767
1985 34,644,465
1991 48,445,426
Total 659,040,113

The Directorate refunded Nkr 76,929,324 in acreage
fees in 1991. Figure 5.4 shows the net receipts of
acreage fees (claims less refunds).

This represents the deductible portion of the acre-
age fees in the royalty settlement for production li-
cences 006, 018, 019A, 033, 037, 050, 053, and 079.

The acreage fees for some of the production licen-
ces are deducted directly in the royalty settlement.
This amount, Nkr 26,499,765, is therefore reflected
in the royalty receipts.

Figure 5.4 shows the acreage fee receipts for the
years 1973-91.

Fig. 5.4

Acreage fees 1973-1991
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5.5 CARBON DIOXIDE TAX

The new Act relating to Carbon Dioxide Emissions
in the Offshore Petroleum Activity passed by the
Storting on 20 November 1990 became effective on
1 January 1991. The Directorate was given the re-
sponsibility of collecting the emission tax. The tax is
calculated on petroleum flared and natural gas re-
leased to the atmosphere from platforms, installa-
tions and plant used in connection with production
or transportation of petroleum. This tax is also
levied on Norwegian petroleum transport systems
which cross the continental shelf. Where fields
straddle a sector boundary, the emission tax is only
calculated on the Norwegian share.

In 1991 the emission tax was Nkr 0.60 per stand-
ard cubic metre of gas, and the same figure for one
litre of diesel oil. It is payable on a six month basis
with three months to pay from field and installation
operators. Table 5.5 is a list of the total tax receipts
broken down by field and transport system for the
first half of 1991. The incoming amount in 1991 was

- Nkr 810,487,141. A similar amount is expected in
respect of the second half of 1991, bringing the total
to a projected Nkr 1,600 million in emission tax for
the year.

Table 5.5
Paid-up CO--tax 1991 (mill Nkr)

Paid-up CO,-tax for 1st half 1991

Field:

BALDER 1 807 433
EKOFISK 255 543 449
FRIGG 14 915 896
GULLFAKS 99 789 240
GYDA 16 913 570
HEIMDAL 16 546 866
HOD 1751 616
MIME 767 021
MURCHISON 7 430 448
ODIN 2 090 402
OSEBERG 62 602 800
STATFJORD 159 834 055
TROLL VEST 13 507 800
ULA 23 470 307
VALHALL 30 116 393
VESLEFRIKK 23 260 020
Transport systems:

FRIGG TRANSPORT 801 224
NORPIPE 77 687 766
STATPIPE 1 650 835
TOTAL 810 487 141

5.6 PETROLEUM MARKET

5.6.1 Crude oil market

Global oil production slipped by about 1 per cent
from 1990 to 1991 to about 60 million barrels a day.
The decline was particularly obvious in the former

""""""""""""" Soviet Union and Eastern Europe. In the Middle

East the decline was also pronounced due to little
production from Kuwait and Iraq. Nevertheless,
OPEC'’s share of production increased, though only
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slightly, largely due to increasing output from Saudi
Arabia, the Emirates, and Venezuela. Production
from the rest of South America, Africa and Asia
also increased.

Production in the United States nudged upward
for the first time since the middle of the 1980s,
though this is not expected to last.

Norwegian oil production accounted for about 3.1
per cent of world crude in 1991, compared to 2.7 per
cent in 1990. Norway’s output of oil also passed that
of the United Kingdom, which declined from 1990
to 1991.

The price of oil, high at the beginning of the year,
sank once Iraq was driven from Kuwait. The mean
price during the first nine months for Norwegian
crude was over US$ 20 a barrel. During the autumn
the price of oil slid, ending at about $ 18 a barrel by
year end.

Kuwait’s production is in the process of building
up, and increasing production from there and per-
haps also Iraq, coupled with increasing production
from other parts of the world, would put growing
pressure on oil prices. This might be counter-bal-
anced by the continuing decline in oil exported from
the former Soviet Union and Eastern Europe.

The world’s estimated oil reserves are believed to
have shrunk by about 1 per cent from 1990 to 1991
{provisional figures). Production ran at about 2 per
cent of reserves. Due to the smaller output, the ratio
of proven reserves to production was more or less
unchanged, and reserves equivalent to 45 years or
more of production at the 1991 level are believed to
exist. This is substantially longer than the view held
earlier, for example in the early 1980s.

5.6.2 Natural gas market

As anticipated, world consumption of natural gas
continued to grow. Natural gas’s share of global
energy sales was 21.6 per cent in 1990 compared to
21.3 per cent the year before. World-wide gas con-
sumption increased by almost 2 per cent; and the to-
tal production of gas was about 1,980 bcm in 1990.

For Norway, of course, the European market is
the interesting one. In Western Europe (including
what used to be East Germany), gas consumption
increased by 1.7 per cent from 1989 to 1990. Gas’s
share of the total energy consumption in Western
Europe was 15.8 per cent in 1990, or slightly less
than the world average.

In the years ahead natural gas is expected to cor-
ner a larger part of the energy market on account of
its environmental advantages. Gas competitivity on
the other hand will depend not least on how energy
is taxed in Norway’s potential markets.

The total sales of Norwegian gas declined from
25.4 to 25.2 bem from 1990 to 1991. The decline in
production, though greatest for the Frigg field, was
largely compensated by slight increases from other
fields. Gas from Frigg is transported to the UK.
Frigg’s declining output has meant that Germany
has now passed Britain as Norway’s largest taker of
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natural gas. Figure 5.6.3.c shows the distribution of
gas sales to the various buyer countries.

It is planned that Norwegian gas sales should in-
crease again from 1993 when the Troll agreements
come on stream. This time schedule seems to hold
good despite the loss of the Sleipner @st gravity
base in August.

In 1991 the other buyers confirmed their intention
to exercise the so-called 30 per cent options in the
Troll agreement, increasing Norway’s annual maxi-
mum sales under the Troll and SEP agreements by
about 2.5 bem to about 33 bem. No final decision
has been made regarding which fields will supply
these gas volumes. If all options are exercised, Nor-
way will be committed to supply 40.8 bcm a year to
continental buyers from year 2005 under the Troll
and SEP agreements.

In 1991 a contract was signed with National
Power, Britain’s major electricity producer, for sup-
ply of natural gas. The contract may involve 2 bcm
or so of gas a year, with deliveries starting in the
mid-1990s. Another contract awarded in 1991 covers
sale of gas from Lille-Frigg to British Gas.

Negotiations with British Gas were also con-
ducted for substantially larger deliveries, and also
with other UK interests; although the British gov-
ernment’s wish to curtail British Gas’s role as a gas
supplier may have reduced the chances of a major
gas agreement being signed with the latter. This
does not necessarily mean the total demand for Nor-
wegian gas will be any less.

On the Continent talks are also going on with sev-
eral potential buyers, including German Verbund-
netz Gas, in which Statoil owns a small share. As in
the UK, considerable shifts in the market structure
can occur on the Continent which would be liable to
influence future sales of gas from Norway. There re-
main, too, uncertainties connected with landing of
Norwegian gas to the Continent.

Talks with Swedish and Finnish interests concern-
ing possible purchase of Norwegian gas which took
place in 1991, seem for the moment to have come to
a standstill.

All Norwegian gas is exported by pipeline at pres-
ent, and in the foreseeable future this delivery
method is likely to predominate. Export of liquid
natural gas (LNG) is most likely from the far north
areas, particularly Tromsgflaket (Snghvit). Here,
Italy seems to be the most interesting market.

In 1991 the Norwegian government submitted a
proposal to land gas from Heidrun for a methanol
plant in Mid-Norway for the Storting’s considera-
tion. The projected annual gas consumption is about

0.7 bem. It will be the first major industrial applica-
tion for dry gas from the continental shelf in Nor-
way. Lesser quantities of gas may also be used for
various purposes close to the landing terminals
(Karstg, @Dygarden, Snghvit terminal if realised).

The most important Norwegian market for gas,
however, is offshore. Substantial injection of gas
into petroleum reservoirs is already made to in-
crease oil recovery. In January 1991, gas injection
started from Troll into Oseberg under the Troll-
Oseberg Gas Injection project. The planned deliv-
ery rate from TOGI is about 3 bem a year; and most
of the injected gas will be available for production
and sale from Oseberg at a later date.

The Directorate sees great potential to improve
oil recovery using gas injection, not least from Sleip-
ner Bst and the Ekofisk area. However, there is a
considerable challenge in realising injection projects
which are economic.

New contracts and expectations of further gas
sales for either export or injection can be a major
parameter of development patterns on the continen-
tal shelf; not least for fields on Haltenbanken where
gas sales are a prerequisite. These are matters which
the Directorate has been energetically involved in
throughout 1991. The Directorate is also concerned
to find sales outlets for associated gas from oil fields.

5.6.3 Sale of petrolenm

In 1991 total sales of crude oil from the Norwegian
continental shelf amounted to 90.6 million tons.
This was an increase of 17 per cent compared to
1990. Britain was the largest recipient with 26.1 per
cent of the shipments; Norway received 20.7 per
cent, the Netherlands 12.9 per cent, Sweden 7.9 per
cent and France 7.4 per cent. In 1990, Norway. took
24.5 per cent of the total, so a small percentage de-
crease was recorded in 1991. Figure 5.6.3.a shows
the sale of crude oil by country for the period 1981~
91.

Up until 1988 both Belgium and Canada were re-
ported under the heading “Others”. The sale of
Natural Gas Liquids from the Norwegian continen-
tal shelf reached 2.3 million tons in 1991, or 0.1
mton less than in 1990. Figure 5.6.3.b shows the sale
of crude oil and NGL in 1991 by licensee. Norway
exported 25.2 bem gas in 1991, a reduction of 0.8
per cent compared to 1990. A total of 8.1 bcm was
sold to Germany, 6.7 bcm to the UK, 5.4 bem to
France, 2.6 bcm to the Netherlands and 2.4 bem to
Belgium, as charted in Figure 5.6.3.c. Figure 5.6.3.d
shows the gas sale by licensee for 1991. The column
“QOthers” contains figures for many small fields.
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Fig. 5.6.3.a
Sale of crude oil from the Norwegian continental shelf
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Fig. 5.6.3.c
Sales quantities of gas per counfry
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6. Special Reports and Projects

In 1991 the Norwegian Petroleum Directorate ap-
propriated a total of Nkr 22,586,005 for special pro-
jects. Of this amount, Nkr 5,612,182 was budgeted
for projects in the Safety and Working Environment
Division and Nkr 17,786,934 for projects in the Re-
source Management Division.

Another Nkr 4,381,575 was committed to the
North Sea Seabed Clearance project.

6.1 RESOURCE MANAGEMENT DIVISION
6.1.1 Exploration Branch

Nkr 5,345,501 was made available for collection of
meteorological and oceanographic data in the Bar-
ents Sea, under the auspices of the Directorate;
while the SPOR enhanced oilfield recovery projgct
received Nkr 9,827,066.

The titles of the projects and the various institu-
tions carrying them out are reviewed below.

PROJECT TITLE

EXECUTIVE INSTITUTION

Well Data Summary Sheets

Bio-Stratigraphy, Additional Datings

Database for Pore Pressure and Rock Mechanics
Resources Database

Sealing Faults

Late Palaeozoic Carbonates in Central Spitsbergen
Regional Correlations in Barents Sea

Polar North-Atlantic Margin, PONAM

Miocene and Pliocene Sedimentation and Paleonic
Environs on Vgringplatéet

Measuring Land Rise

NPD

CB Magneto, University of Bergen, Institute of
Energy Technology (IFE), Continental Shelf Insti-
tute (IKU), and K. Perch-Nilsen

Proffshore

NPD and Opheim Data

Geo Recon A/S

NPD

Continental Shelf Institute (IKU)

Norwegian Polar Research Institute

University of Bergen

State Mapping Authority

Well Data Summary Sheets

This is an annual publication listing released well
data from the continental shelf. This year’s edition is
the seventeenth in the series and deals with wells put
down in 1986.

Bio-Stratigraphy, Additional Datings

This project seeks to cover some of the dating meth-
ods for which the Directorate lacks the necessary ex-
pertise, such as magnetic stratigraphs and nanofossi-
les.

well data of significance for planning bores into
high-pressure, high-temperature zones.

Resources Database

One of the Directorate’s key objectives is to keep
the accounts for Norway’s discovered and undisco-
vered petroleum resources. This project intends to
streamline the existing resources databases allowing
the full resources accounts to be handled as a single
database.

Database for Pore Pressure and Rock Mechanics
The reason for compiling this database is the desire
to improve accessibility to geological and technical

Sealing Faults
The Directorate keeps running track of ways to as-
sess the risks inherent in prospect evaluation. For
this reason a database of sealing faults has been de-
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veloped, allowing information on sealing mecha-
nisms to be plugged into risk calculations for pros-
pects which depend for their production on a good
seal.

Late Palaeozoic Carbonates in Central Spitsbergen
These field studies are a continuation of the Study of
Permian and Carboniferous Carbonates in the Bar-
ents Sea and examine the sedimentology of the stra-
ta sequence on Central Spitsbergen as a step
towards increasing our regional understanding of
carbonate evolution in the Arctic area.

Regional Correlations in Barents Sea

Geochemical and biostratigraphic studies were car-
ried out in the Barents Sea as a way to increase re-
gional understanding of the Triassic rock as a source
and reservoir rock. The study correlates the south-
ern Barents Sea with the Directorate’s shallow dril-
lings in the northern Barents Sea.

Polar North-Atlantic Margin, PONAM

The Late Cenozoic Evaluation of the Polar North-
Atlantic Margin is a broad collaboration project be-
tween European institutions aimed at studying the
geological evolution of these regions. The Norwe-
gian Polar Research Institute is in charge of Nor-

6.1.2 Development Branch

way’s contribution to the project. The Directorate
has provided support with field work on Svalbard
and geological studies of the effects of the last ice-
advance in the northern Barents Sea and on Sval-
bard.

Miocene and Pliocene Sedimentation and Paleonic
Environs on Veringplatiet

This project aims to study the sediments in deep-sea
cores, looking at oxygen isotopes and ice-dropped
matter. The primary emphasis is on matter dating
10-16 million years back. Data from the studies are
important for dating and understanding late Tertiary
rise of the continent and continental shelf areas.
Studies of younger sediments have already been
published.

Measuring Land Rise

Measurements were made of water level marks
chiselled in the rock at sealevel by the Norwegian
Geological Survey a century or so ago. Over a three-
year period all the marks it was possible to identify
in North Norway were remeasured, and the project
is thus completed. From the data, the present rate of
land rise was calculated. These land rise data are im-
portant in the calculation of the properties of the
earth’s crust and in order to study fault movements.

PROJECT TITLE EXECUTIVE INSTITUTION
Field Simulation Njord Restek A/S

Log Interpretation Oseberg st Logware A/S

Log Interpretation Oseberg Dst, Phase 2 Logware A/S

Optimal Selection and Use of Acoustic Logs Schlumberger

Tests of Predrilled Wells Smedvig IPR

Reservoir Evaluation Oseberg @st

Integrated Interpretation of 34/7 C, 34/7 C+ and
Snorre Vest

Reservoir Simulation Troll Vest
INVERS - Update of Cost Bank
INVERS — Analysis Tool for Cost Bank

Evaluation of LNG Plant

Tape Technology Norway A/S

Badly Ashton

Scandpower A/S

Andersen Consuiting AS

NIT - Landbruk A/S

Novatech a.s and Foundation for Scientific and In-

dustrial Research at University of Trondheim (Sin-
tef)

Geochemical Survey of Njord

New Cash Flow Model

University of Oslo and Brekkes Kjemometriske

NPD and Ministry of Petroleum and Energy
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Field Simulation Njord

A full field reservoir simulation was performed for
Njord, the main purpose of which was to study dif-
ferent recovery approaches, such as gas injection,
water injection, or a combination of the two. The
results will be employed in connection with the
evaluation of the Plan for Development and Oper-
ation of Njord.

Log Interpretation Oseberg @st

Logware A/S ran a petrophysical analysis of Ose-
berg Ost including log interpretation of four wells
and determination of cut-off criteria. Calculations
were also performed of water saturation factors (J
function) from capillary pressure readings. The
work will be included in the Directorate’s resource
mapping and resource calculations.

Log Interpretation Oseberg @st, Phase 2

Logware A/S also estimated the water saturation re-
action (J function) based on log interpretations
made earlier in 1991. The object was to examine the
uncertainty in the estimated oil in place based on
different input parameters for calculation of water
saturation.

Optimal Selection and Use of Acoustic Logs

This project aimed to elucidate the working range of
various acoustic logging systems. Different ways of
conditioning data already compiled were tested. Al-
ternative collection methods and conditioning tech-
niques were evaluated. Six sets of data including
wells from limestone fields and sandstone fields un-
derlay the study. The project was a collaboration
venture between Schlumberger and the Directorate.

Tests of Predrilled Weils

The background for this project was the different
practices used for testing predrilled wells. The feasi-
bility of production testing predrilled wells immedi-
ately after drilling was examined, and experience
from the few wells for which this was done was re-
viewed. Different solutions were outlined for tem-
porarily abandoning a well after the well test.

Reservoir Evaluation Oseberg @st

The consulting engineers digitised the charts and as-
sisted with development of a reservoir model for
volume calculation by IRAP.

Integrated Interpretation of 34/7 C, 34/7 C+ and
Snorre Vest

Three-dimensional seismics covering 34/7 C, 34/7
C+, and Snorre Vest were interpreted. These disco-
veries will henceforth be called the Vigdis field. The
seismics were correlated with the well bores in the
region and velocities from the boreholes formed the

servoirs, on the basis of which the migration routes
and degree of fault sealing were discussed. The
depth charts will be factored into the Directorate’s
resource calculations.

Reservoir Simulation Troll Vest

In connection with an analysis of the feasibility of
recovering oil from Troll Vest, a reservoir simula-
tion study was performed. Single well models of ho-
rizontal wells adapted to the results from test pro-
duction from the two horizontal wells on the field
were used to study oil production from individual
wells. A full field model which includes both oil and
gas wells was used to study the effects of gas produc-
tion from Troll Pst and Troll Vest on oil produc-
tion.

INVERS - Update of Cost Bank

The Directorate conferred with the industry on a
standardised code structure for cost data for North
Sea development projects. The databank has now
been updated on the basis of reported data and dis-
cussions with oilfield development operators.

INVERS - Analysis Tool for Cost Bank

A statistical analysis tool has now been developed
for using historical data in the databank as basic
data for evaluation of new applications for plans for
development and operation and plans for construc-
tion and operation which are submitted to the Di-
rectorate.

Evaluation of LNG Plant

A plant for the liquefaction of Liquified Natural Gas
may be interesting in connection with exploitation of
large quantities of natural gas in Snghvit. A study of
the correlations has been performed which considers
technical, costing and energy aspects of such a plant.
The project was a collaborative one between Nova-
tech and Sintef’s Division for Cryogenic Engineer-
ing.

Geochemical Survey of Njord

This project is a petroleum geochemical study of
Njord and selected regionally adjacent prospects.
The purpose was to obtain information regarding
the historical filling of Njord and to correlate its hy-
drocarbons with any liquid inclusions using DST.
The analysis results are of high quality and the re-
suits of the studies help increase our understanding
of the generation of hydrocarbons in the area, their
migration, phase separation, and filling history.

New Cash Flow Model

In collaboration with the Ministry of Petroleum and
Energy the Directorate has developed and installed
a new cash flow model. This is used in economic

basis for a velocity model. The final result was a
depth chart showing the top and bottom of the re-

analyses for projects and company-based calcula-
tions. The model was refined in 1991.
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6.1.3 Production Branch

PROJECT TITLE

EXECUTIVE INSTITUTION

SAFARI Data Acquisition

Laegerdorf
NPD Involvement in Reservoir Descriptions for
SPOR

Modelling and Simulation of Statfjord

Cut-off Criteria

Multi-phase Measurement

Gas Flaring Criteria for Onstream Fields
Environmental Technology

Reservoir Souring

Database Operating Costs

Coriolis Mass Flowmeter Project

Flowmeter for Simultaneous Measurement of Oil,
Gas and Water

Sampling of Water Content of Oil
Production at below Boiling Point Pressure
ECLIPSE

Reservoir Data Reporting System, RDRS
Simulation Study of Statfjord

Well Technology

Chalk Research

Geotechnical Support

Reservoir Studies of Ekofisk

Fracture Studies of Eldfisk

Reservoir Studies of Eldfisk

Norwegian Computer Centre, University of Bergen,
Rice University, Louisiana State University

Geo Recon A/S

Rogaland Research Institute, Institute of Energy
Technology (IFE), and Continental Shelf Institute
(IKU)

Norwegian Computer Centre and Institute of Ener-
gy Technology (IFE)

Atlas Wireline Services

National Engineering Laboratories (NEL)
Novatech a.s

NPD

Capcis, Manchester

Arthur Andersen

National Engineering Laboratories (NEL)

Christian Michelsen’s Institute (CMI)

National Engineering Laboratories (NEL)
Restek a.s

ECL

Cap Gemini

Scientific Software (UK) Limited

Smedvig IPR A/S

NPD

Mervyn Jones and University College, London
Restek a.s

Ali M Saidi

Restek a.s

SAFARI Data Acquisition
This is a cooperation project involving Saga, Statoil,

The project is compiling a database for quantified
information on sedimentary reservoir heterogenit-

Hydro and the Directorate. The project covers col-
lection of quantitative, geological data from sedi-
ments which are uncovered on land and which are
analogous to sediments in the North Sea reservoirs.

ies. The aim is to reduce the uncertainties of reser-
voir descriptions and reservoir simulations for fields
in the Norwegian sector.
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Laegerdorf

This cooperation project between the Directorate
and eight interested companies was launched in 1990
and will be concluded in 1992. Consultants Geo Re-
con A/S have been engaged to implement the pro-
ject which is intended to compile a three-dimension-
al fracture database using data collected from the
Laegerdorf chalk quarry in Germany. The project
aims to provide a better understanding and descrip-
tion of fracture geometry in the chalk fields in the
North Sea.

NPD Involvement in Reservoir Descriptions for
SPOR

The Directorate is responsible for assistance to the
SPOR Enhanced Recovery Project programme in
the reservoir descriptive field. This is done by
closely following up research projects at home and
abroad. It is also important to the Directorate’s own
work in the discipline of reservoir description.

Modelling and Simulation of Statfjord

A detailed geological charting operation with a view
to identifying slate incidence and continuity has
been performed. The results were then modelled
using stochastic methods. A key element in the
study is reservoir simulation of the production his-
tory of the field, which is a means of evaluating how
snugly the simulation fits the data. The best fit is
then used to predict production to come.

Cut-off Criteria

Since several of the fields proven to date are margi-
nal in terms of resources, it turns out that cut-off
values based on petrotypical parameters can mater-
ially influence the definition of productive rock.
This project examines alternative methods of im-
proving the determination of cut-off values based on
static and dynamic data.

Multi-phase Measurement
The project group for multi-phase measurement
consists of a multiple client consortium in which
eight operating companies participate. The aim is to
develop a concept for measurement of multi-phase
flow based on known technology.

The work involves three phases:

1) Design and testing of equipment
2) Fabrication of prototype
3) Field testing of prototype.

So far the project has completed phase 1. Interim
reports for some of the tests have been submitted.

Gas Flaring Criteria for Onstream Fields
This project picks up ‘where last year’s Gas Flaring

demand. The limiting factors for minimum oil pro-
duction were also identified and discussed.

Environmental Technology

This project has built up expertise in environmental
technology so as to provide advice when called upon
to do so to the Ministry of Petroleum and Energy in
respect of environmental technology issues. The
technology available in the United States for reduc-
tion of pollution from the petroleum industry was
studied with the main emphasis on technology de-
signed to reduce atmospheric emissions.

Reservoir Souring

This project was carried out to define the causes of
reservoir acidification in the North Sea. The work
which was done by Capcis at the University of Man-
chester was completed in 1989. Based on the results
obtained, the Directorate commissioned Capcis to
run another study, Reservoir Souring and Chalk
Rock Properties. The results may provide some indi-
cation of whether to expect souring of such reser-
voirs if water flooded. The study should be com-
pleted early in 1992.

Database Operating Costs

This project is intended to develop a database which
will accommodate operating costs data and technical
key figures. Also, data reports have been prepared
for different methods of presentation of the data in
the bases. Reporting of data is scheduled for 1992.

Coriolis Mass Flowmeter Project

This project, combining the forces of Statoil, Total,
Phillips, the Norwegian Petroleum Directorate, Ko-
dak and the UK authorities, will test metering devi-
ces from many instrument suppliers which capitalise
on the measurement of the coriolis effect. The in-
struments are carefully examined for accuracy, in-
stallation effects, maintenance routines, etc.

Flowmeter for Simultaneous Measurement of Oil,
Gas and Water

This project involves tests to develop an instrument
with which to monitor water, oil and gas flowrates at
the same time. Again, this is a multi-client project
involving BP, Saga, Hydro, Elf, Phillips and the Di-
rectorate.

Sampling of Water Content of Oil

The Norwegian Petroleum Directorate and the UK
Department of Energy have cooperated for several
years with 12 oil companies in a research pro-
gramme aimed at drafting common guidelines for
the design and operation of sampling devices. The
results will subsequently be used for preparation of
international standards in this technical field. The

Criteria, which examined problems in connection
with starting up new fields, left off. The work has
identified critical factors deciding flare demand on
onstream fields and the opportunities to reduce such

tests are performed under the direction of the Na-
tional Engineering Laboratories (NEL) in Scotland,
where a test station has been built specifically for
the purpose.
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Production at below Boiling Point Pressure

This project was designed to elucidate what happens
in the reservoir and on the surface when production
takes place at bottom-hole flow pressures lower than
the boiling point pressure of the oil. The study in-
cluded a theoretical review of the issues and an
evaluation of two actual cases, one of which was si-
mulated.

ECLIPSE

In the course of the year two projects were carried
out for the ECLIPSE reservoir simulation package:
one for maintenance, where the Directorate re-
ceived a new version of the software, and one for
procurement of new modules for the software pack-
age.

Reservoir Data Reporting System, RDRS

Two projects linked to the RDRS database were im-
plemented in 1991: one for maintenance of the sys-
tem and one for continuing development. Develop-
ment this year was mainly a validification pro-
gramme which the operating companies use before
the final data are submitted to the Directorate.

Simulation Study of Statfjord

During 1990 and 1991 a composite section simula-
tion of the Statfjord formation was performed,
which examined possible future strategies for opti-
mal recovery of the residual oil in the reservoir.

Well Technology

This study analysed possible methods for optimal
use of wells which penetrate several independent re-
SeTVOIrs OF reservoir zones.

Chalk Research

The Norwegian Petroleum Directorate joined with
Denmark’s Ministry of Energy to initiate this chalk
research programme, which eleven oil companies
are financing and implementing jointly. The pro-

6.1.4 Planning Branch

gramme aims to improve our understanding of chalk
fields and use this understanding to improve recov-
ery. The project chair which was held for much of
1991 by the Directorate has now passed on to the
Ministry of Energy. The Directorate sits on the six
technical committees and the steering committee.

Geotechnical Support

In connection with the problems of subsidence in
the Ekofisk region the Directorate has sought the
counsel of Dr. Mervyn Jones of University College,
London. Dr. Jones, who is an expert on rock mech-
anics, acted as consultant for technical evaluations
and performance of tests.

Reservoir Studies of Ekofisk

Restek a.s was engaged to construct a phenomenol-
ogical model which will provide the foundation for
subsequent reservoir simulations of the Ekofisk
field. Future simulations will aim to evaluate various
production strategies, such as gas and water injec-
tion in the upper part of the field.

Fracture Studies of Eldfisk

Dr. Ali M Saidi assisted the Directorate with the
task of developing a reservoir simulation model of
Eldfisk. His experience is drawn from crumbled re-
servoirs in other regions of the world and he has
acted as consultant in connection with the Directo-
rate’s evaluation of future production strategies for
crumbled fields, such as Eldfisk.

Reservoir Studies of Eldfisk

This project was a continuation of the 1990 project.
Reservoir simulations of the northern structure in
the field were performed, and different recovery
mechanisms, such as depressurisation, gas injection
and water flooding were simulated. The results indi-
cate that there are good opportunities for enhancing
recovery from the field.

PROJECT TITLE

EXECUTIVE INSTITUTION

Portfolio Model, Continuation

Market Data for Gas: Soviet Role in European Gas
Market

Sintef

Fridtjof Nansen’s Institute

Portfolic Model, Continuation
The portfolio model is an economic analysis tool
used especially for area evaluations and rough esti-

Market Data for Gas: Soviet Role in European Gas
Market
This project, which looked specifically at strategic

mates of gas supplies. The model was developed for
the Directorate by Sintef and in 1991 its evolution
continued. Several oil companies have expressed an
interest in the model.

and operational perspectives, was started by the Gas
Negotiations Committee in conjunction with the
Ministry of Petroleum and Energy and this Directo-
rate in 1989. Its purpose was to gather information
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about developments in the Soviet Union and East-
ern Europe, as it then was, which might ultimately
influence Norwegian gas exports. To date the pro-
ject has provided sponsors with continuous assess-

6.1.5 SPOR Programme

ments of political and economic matters of impor-
tance in the gas market. This work will continue in
1992.

PROJECT TITLE

EXECUTIVE INSTITUTION

Water Injection (SPOR Water)

Gas Injection (SPOR Gas)

Optimisation of Reservoir Data (SPOR Opt)

Rogaland Research Institute

Continental Shelf and Petroleum Technology Insti-
tute (IKU)

Institute of Energy Technology (IFE)

Again in 1991 there was much activity within the
SPOR enhanced recovery programme, a govern-
ment research and development programme initi-
ated in 1985 and brought to a conclusion on 31 De-
cember 1991. The programme sought through com-
petence building, and through research and de-
velopment of novel technology, to provide a founda-
tion for enhanced oil recovery from the Norwegian
continental shelf.

In all Nkr 101 million was spent on the pro-
gramme and these funds were appropriated over the
Ministry of Petroleum and Energy’s budget. Exten-
sion of certain parts of the programme will be real-
ised through RUTH, a programme run by the Royal
Norwegian Council for Scientific and Industrial Re-
search (NTNF) which starts in 1992.

Implementation of the SPOR programme pro-
duced tangible spinoffs in connection with the work
on enhanced oil recovery, both in the Directorate
and in the companies engaging in offshore activities
on the Norwegian sector. The results from the
SPOR programme also provide a platform for Nor-
wegian participation in international cooperation
such as the International Energy Agency (IEA) and
bilateral cooperation, such as with the USA.

A SPOR monography has been prepared which
summarises the status in the field. This report,
called Recent Advances in Improved Oil Recovery
Methods for North Sea Sandstone Reservoirs, can be
ordered from the Directorate.

6.1.6 PROFIT

A new five-year Programme for Research into Field
Oriented Improved Recovery Technology was
launched in 1990. In it the Directorate takes part on
an equal footing with 13 oil companies to finance
and manage the activities, which in certain areas will
further develop the results of the SPOR pro-
gramme. The research will be largely undertaken at
Norwegian institutes.

Profit has a maximum budget of Nkr 90 million.
Due to limited participation, only two projects have
been initiated so far, with a budget of Nkr 68 million
for the five-year period, to examine:

- Reservoir specification
— Near-well flow.

The plans for 1992 will involve research to the value
of about Nkr 18 million.

6.2 SAFETY AND WORKING ENVIRONMENT DIVISION

PROJECT TITLE

EXECUTIVE INSTITUTION

Membership of Welding Institute
Membership of Marine Technology Directorate

Membership of Norwegian Electro-Engineering
Committee

Petroleum Operations North of 74°30'N

Manned Underwater Operations, International Co-
operation

—————————————————————— Working Environment for Divers

Jack-up Site Assessment Procedures

Planning and Criteria for Relief Wells

Welding Institute (WI)
Marine Technology Directorate (MTD)

Norwegian Electro-Engineering Committee (NEK)

NPD
NPD

_Sintef -

Noble Denton Associates (NDA)
Neal Adams
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PROJECT TITLE

EXECUTIVE INSTITUTION

Gas Kick in Oil-Based Drilling Mud
Worldwide Offshore Accident Databank, WOAD
Design Criteria for Collision Risk, COLLIDE

Hydrostatic and Dynamic Pressure Modelling for
High-Pressure, High-Temperature Deep Wells

Gas Safety Programme

Technical and Operational Aspects of Manned
Underwater Operations

Internal Control of Documentation of Chemical
Health and Environmental Hazards

Internal Control of Activities in Norway

Influence of Welding on Materials Performance Off-
shore

Expert System for Evaluation of Corrosion Risk,
EXPRES

Design Curves for Fatigue of Cathodic Protected
Structures

Application of Statistical Analysis Tools to Accident
Data

Maintenance of Formula PS Planning Tool

Implementation of Drawings in Damage Database,
CODAM

Pressure Testing of Blowout Preventer (BOP)
Specific Preparedness Requirements

Methods for Testing Materials and Structures for Jet
Fires

Foam and Deluge Systems for Engineroom and
Electrical Fires

Kick Tests with Horizontal Wells
Maintenance Management
Ductility of High-Strength Concrete

Qualification of Welding Joints

Cathodic Protection of Thermally Insulated Pipe-
lines

Light Aggregate Concrete

Rogaland Research Institute
Det norske Veritas (DnV)
SikteC

Rogaland Research Institute

Christian Michelsen’s Institute (CMI)

Oceaneering

Novatech A/S

Sintef

Cranfield Institute, UK

Cranfield Institute, UK

Sintef

SaS Institute A/S

Norsk Data

EB Industrier Offshore

Sintef
Novatech

Sintef

Royal Norwegian Navy

Rogaland Research Institute
Sintef

Sintef
Sintef

Corrocean

-——————High-Strength-Concrete, Phase-3

Corrosion and Erosion in Piping for Process and
Support Systems
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Membership of Welding Institute Working Environment for Divers
The Norwegian Petroleum Directorate has been a Former projects under the auspices of the Directo-
member of the Welding Institute in Great Britain rate, using only modest resources, produced valu-
since 1981. WI is the leading authority in the off- able results of considerable practical importance in
shore field and is very energetic in research, training the field of working environment for divers. In 1991
and consultancy. Membership qualifies for consul- the project looked more closely at microbial conta-
tancy services, project participation and current in- mination of diving bell atmospheres, considered
formation on the latest developments in materials procedures for decontamination of diving bells, and
technology and welding engineering. evaluated various disinfectants for use in hyperbaric
habitats. The quality of bell atmospheres in various
Membership of Marine Technology Directorate diving systems was also improved.
Since 1980 the Norwegian Petroleum Directorate
has been a member of the British Offshore and Jack-Up Site Assessment Procedure
Underwater Engineering Group (UEG) which was a Noble Denton Associates (NDA) have identified
subdivision of the British Construction Industry Re- major discrepancies in the calculation methods (use
search and Information Association (CIRIA). The of parameters) and philosophies of the various com-
group has now joined the Marine Technology Direc- panies and institutions for assessing jack-up rigs. In
torate (MTD). The projects administrated by the or- this project the overall target is to arrive at interna-
ganisation are very pertinent to the Norwegian Pe- tional procedures for this sort of assessment which
troleum Directorate’s work tasks in this sphere. Co- are acceptable to all concerned. International stand-
operation and availability of information have been ards should introduce greater predictability for the
of tremendous assistance for safety reports, regula- industry and the authorities. The project agenda has
tory drafting, and competence build-up. The Nor- hitherto been concerned with compiling and evalu-
wegian Petroleum Directorate is a member of a pro- ating background materials. The project will con-
ject concerned with operative inspection of struc- tinue in 1992.

tures and installations underwater.

Planning and Criteria for Relief Wells
Membership of Norwegian Electro-Engineering This project analyses the need for requirements for
Committee relief wells during exploration and production drill-
The Directorate’s membership of the Norwegian ing. The project started in 1990.
Electro-Engineering Committee (NEK) is designed

to ensure that regulations in the electrical engineer- Gas Kick in Oil-Based Drilling Mud
ing field are continually under revision and keep This project examines the problems peculiar to gas
pace with technological advance, international prac- kicks in oil-based drilling mud. So far the project
tices, and experience. The importance of these fac- has produced a user-friendly application which will
tors is underscored by Norway’s efforts to meet the enable operators to simulate circulation out of a gas
prescriptions of the Agreement on Technical Barri- kick in oil-based drilling mud. This project started in
ers to Trade in EFTA and the EC. 1990.
The Directorate also takes part in national and
international cooperation for preparation of new re- Worldwide Offshore Accident Databank, WOAD
gulations. This work is headed by NEK. This project is an annual subscription to the WOAD
database, which is a systematic directory of acci-
Petroleum Operations North of 74°30'N dents from petroleum operations worldwide. The
This project is looking at the risk of encountering root base is managed by Veritec which assembles
drift ice at seven selected positions in the Barents and updates data on accident events on a current ba-
Sea. Also, the distance to the ice edge and the sis.

length of ice-free periods is being analysed. For four
of the positions the collision risk and probable size Design Criteria for Collision Risk, COLLIDE

of ice-bergs in the area are also evaluated. This project was started in 1988 and aims to improve

design criteria to reduce the collision risk between
Manned Underwater Operations, International Co- merchant shipping and offshore installations. In ear-
operation lier phases of the project a basic model for calcula-
This project aims to continue and expand the estab- tion of the collision risk and procedures for working
lished international cooperation in the fields of out rough estimates were developed. In the last
safety and the working environment, standardisa- phase the risk picture for the entire North Sea was
tion of regulatory requirements, and guidelines for input into the data programme developed.

and enhancements to technical systems for manned
""""""""""" —underwater-operations. The project which has beemr ——Hydrostatic and Dynamic Pressure Modelling for —————
continuing for several years and produced invalu- High-Pressure, High-Temperature Deep Wells
able results, is of great significance for current and This project is a continuation of the examination of
future underwater operations. deep wells made in 1989. Based on thermodynamic
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data (pressure, volume and temperature) and
HPHT rheology data for the various well fluids, an
exact model will be developed to calculate downhole
pressure on the basis of well tightness and rheology.
The project continues in 1992.

Gas Safety Programme

In recent years Christian Michelsen’s Institute in
Bergen has been doing much research into explo-
sions in certain offshore modules. The work contin-
ued in 1991 with the support of several oil compa-
nies and government agencies. The work has three
parts:

— Experimental test programme

— Improvement of FLACS computer programme for
estimating blast pressure

— Application of safety technology.

The project will last three years and has a budget
framework of Nkr 30 million.

Technical and Operational Aspects of Manned
Underwater Operations

From experience we know that there are still techni-
cal and operational aspects of manned underwater
operations which require further effort if the sought-
for level of safety is to be secured. The project high-
lights problem aspects of emergency systems for
divers, and analyses matters such as excursions in-
volving temporary pressure changes during shallow
saturation dives. Keywords apart from emergency
systems for divers are hyperbaric rescue units and
shallow saturation dives. This project will continue
in 1992.

Internal Control of Documentation of Chemical
Health and Environmental Hazards ,
This project identifies how quality assurance princi-
ples are reflected in the distribution of toxicological
and occupational health information on chemicals.
In 1991 the project looked at manufacturers and im-
porters in order to reach quality assurance guide-
lines which can be used by these organisations for
development and distribution of such information.

Internal Control of Activities in Norway
So far the Internal Control project has achieved the
following:

— Determined if internal control has had a generally
positive effect, and identified any difficulties it has
encountered

— Offered documentation of solutions to problems
in selected companies

— Referred good and bad experiences back to the
companies

low-up of implementation and enforcement of in-
ternal control systems in the industry.

The project is a major collaborative effort with the
Confederation of Industry (NHO) and NTNF, and
will continue in 1992.

Influence of Welding on Materials Performance Off-
shore

The Directorate has participated in this project,
phase 2, headed by the Cranfield Institute in Eng-
land. Phase 2 examined the weldability and compar-
able properties of the new high-strength low-alloy
steels, accelerated cooling steels, combinations of
the two, and castings and forgings. The risk of hy-
drogen brittleness was particularly examined.

Expert System for Evaluation of Corrosion Risk, EX-
PRES

This project, also carried out by the Cranfield Insti-
tute of Technology in England, is financed by Brit-
ish oil companies, the UK Department of Energy,
and the Norwegian Petroleum Directorate. The aim
is to develop a practical expert system that can
evaluate the corrosion risk in pipelines, and which
can be used to assess the licensee’s documentation
in the subject, during both the design and the oper-
ating phase. Through this project the Directorate
also expects to upgrade its expertise in a field where
advanced computing methods are under intense de-
velopment.

Design Curves for Fatigne of Cathodic Protected
Structures

The Directorate is one of the participants in a Sintef
project backed by the oil industry. The objective is
to determine the effects of cathodic protection on
the fatigue lifetime of welded tubular nodes. The
design curve for cathodic protected structures in the
Directorate’s Regulations for Structural Design of
Load-Bearing Structures will be reviewed in the light
of the project results.

Application of Statistical Analysis Tools to Accident
Data

This project will structure the use of the statistical
analysis tool Sa$ with the Directorate’s database for
accident records. The project will secure significant
competence building for an analysis tool which will
find broad application throughout the Directorate’s
sphere of responsibility.

Maintenance of Formula PS Planning Tool

A computer-based planning tool has been de-
veloped which will provide management with the
necessary overview of planned activities and their
interdependence. The tool will also rationalise the

— Developed evaluation tools to enable companies
to evaluate their inhouse introduction of internal
control

— Provided substance for supervisory agencies’ fol-

allocation and utilisation of human resources for the
Directorate’s supervisory and other tasks. In 1991
the planning system was maintained with the assist-
ance of outside expertise.
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Implementation of Drawings in Damage Database,
CODAM

This pilot project aims to link inspection drawings to
the Fixed Installation and Pipeline Damage Data-
base.

Implementation of the drawings archive is a nec-
essary supplement to an enhanced version of the ac-
cident database CODAM. Accident data are a nec-
essary tool to pursue the operators’ internal control
activities, the Directorate’s supervisory activitigs, to
evaluate any extended installation lifetimes, and in
the case of risk and reliability analysis. It will also be
possible to transfer general data to the industry. On
certain conditions the Norwegian Oil Industry Asso-
ciation (OLF) supports the release of data for pur-
poses which will benefit the industry.

Pressure Testing of Blowout Preventer (BOP)

In the new Drilling Regulations the Directorate sets
out requirements for new test intervals and test
pressures for blowout preventers. The new aspect is
that functional testing of such valves is acceptable.
Previous tests of so-called “wet” systems produced
positive results; this time, “dry” systems were exam-
ined. The project, which started in 1989, was com-
pleted in 1991.

Specific Preparedness Requirements

The new Emergency Preparedness Regulations re-
quire operators to define their activities’ specific re-
quirements for emergency preparedness. The pro-
ject report illustrates how the method can be used to
develop such requirements. This project was per-
formed in the second half of 1991 and was limited to
emergency measures requiring the involvement of
the emergency response organisation.

Methods for Testing Materials and Structures for Jet
Fires

The special conditions which prevail in the offshore
petroleum industry are not always reflected in inter-
national or domestic standards. A case in point is
the incidence of jet fires and their effects. This phe-
nomenon was impossible to ignore after the Piper
Alpha burn-out on the UK sector. The resistance of
materials and structures to the ravages of a jet fire
will need to be documented from now on. The pro-
ject has developed a method for doing so.

Foam and Deluge Systems for Engineroom and Elec-
trical Fires

Based on work by the Royal Norwegian Navy Logi-
stics Command to replace halons as fire-fighting
agents, this project was carried out concerning the
use of foam and sprinklers as extinguishing agents.

The project showed the relevance of such methods

for engineroom fires and electrical panel rooms.

with such bores is how to deal with a gas kick. This
project staged a full-scale test which produced an-
swers to many of the issues that were raised in con-
nection with well behaviour during a well kick and
methods of detecting and. tackling such eventualit-
ies.

Maintenance Management

Maintenance is very important in the safety context.
The increasing age of many installations in the
North Sea is bringing the problem ever closer.

The Directorate’s supervision shows that there
sometimes exist serious defects in the maintenance
systems of some operators. They also show that the
petroleum industry is not a leader when it comes to
utilising new maintenance technology, compared for
example with land-based industry where maintenan-
ce is a prerequisite for safe operation and sound
economy.

The need to improve management of maintenan-
ce has led us to look at new maintenance technol-
ogy, including the identification of critical equip-
ment for several operators.

The Directorate’s objective for this project is to
develop the competence required in the maintenan-
ce discipline, principles of cost-efficient engineering,
and furtherance and implementation of maintenance
systems. The project aims also to contribute techni-
cal expertise for regulatory drafting intended to am-
plify the Directorate’s requirements and expecta-
tions for maintenance management.

Ductility of High-Strength Concrete

This project helped develop high-strength, high-duc-
tility concrete for applications in structures which
may experience particular stresses, such as impact,
pressure shock, earthquake, heat and cold. The de-
velopment of specifications for design and structural
shaping of high-strength concrete exposed to par-
ticular stresses was also examined. The following
were involved with the Directorate: NTNF, Norwe-
gian Contractors, Norske Shell and the Norwegian
Army Construction Service.

Qualification of Welding Joints
This project developed new standards for fabrica-
tion specifications, qualification routines and quality
control of welded seams. The project also collated
requirements which the authorities (the Directorate)
and clients (the operating companies) prescribe on
materials technology and welding technology
grounds. :
The new European standards for welding proce-
dures, mechanical testing of weld seams, and accre-
ditation of ‘workshops and welders were incorpo-
rated as references. The project helps continue the
standardisation work in welding and materials tech-

Kick Tests with Horizontal Wells
The numbers of horizontal wells drilled in Norwe-
gian waters are expected to grow, and one difficulty

nology already started.

The Norwegian Welding Technology Association
and Sintef’s Welding Centre took the initiative for
the project which, besides NTNF and the Directora-
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te, attracted input from shipyards and workshops,
engineering consultants, and offshore operators.
The project is planned to last three years.

Cathodic Protection of Thermally Insulated Pipelines
The Directorate was approached by some operating
companies who need more information about the re-
gulatory requirements for corrosion protection on
thermally insulated pipelines. This project was a sys-
tematic study of experience won with existing plant
of this type. A preliminary project was undertaken
in 1991, and the plans are to continue the work in
1992. In the next phase, practical trials will be sta-
ged in which the industry will be invited to partici-
pate.

Light Aggregate Concrete

Concrete containing light-weight aggregate weighs
only 1500 kg per cubic metre and therefore posses-
ses tremendous potential for fixed and mobile instal-
lations. On the other hand, light aggregate concrete
possesses properties which are entirely different
from concretes mixed using traditional aggregates.
This project developed types of concrete using light-
weight aggregate and suitable other materials to se-
cure properties suitable for floating installations.
Started in 1989, is carried out by Sintef’s FCB sec-
tion in Trondheim.

High-Strength Concrete, Phase 3

This project is a continuation of the preliminary pro-
ject in 1986, phase 1 in 1986-88 and phase 2 in 1989~

6.3 ADMINISTRATION BRANCH

90. In 1991 the project compared the data obtained
in phases 1 and 2 with high-quality data available
from other parts of the world. The project also in-
cluded additional experiments aimed to fill existing
holes and remove various uncertainties.

The results of phases 1 and 2 comprised a major
part of the documentation which underlies the rules
in the new Norwegian Standard NS 3473 for con-
crete. This standard is currently considered the most
advanced standard for high-strength concrete in the
world.

The project was carried out by Sintef’s FCB sec-
tion in Trondheim and attracted considerable sup-
port from the industry. The 1991 budget was Nkr 4.5
million.

Corrosion and Erosion in Piping for Process and
Support Systems

This project developed a summary of internal and
external corrosion and erosion problems in piping
systems. The need to develop bettet corrosion pro-
tection was also examined. The project will examine
such issues as when and where corrosion and ero-
sion arise, and how the associated problems can best
be handled. The project which will last two years
should be concluded in 1992. A continuation pro-
gramme may be called for if the industry is prepared
to assist with financing.

PROJECT TITLE

EXECUTIVE INSTITUTION

North Sea Seabed Clearance

NPD

North Sea Seabed Clearance
The Directorate’s seabed clearance project concen-
trated in 1991 on the Kanten area at 60°N, south of
the Brage field and directly west of Bergen. The
area, covering 1021 square kilometres, was chosen
on the advice of fishery organisations and fishery
authorities. Once the area had been charted with si-
de-beam sonar, the obstacles discovered were iden-
tified more closely using a remote control under-
water vehicle. Dynamically positioned tenders -and
~ remote rovers were then used to recover the objects
which were deemed to be in the way of effective
fishing in the area.

Three wrecks were accurately positioned, but not
raised. Various chains, wires of assorted sizes, an-
chors and fishing implements were recovered from
the seabed with a total weight of 100 tons.

Again in 1991, the Norwegian Hydrographic Serv-
ice’s survey vessel, M/S Lance, was used to chart the
bottom by sonar. The clearance contract was given
to Stolt-Nielsen Seaway A/S, of Haugesund.

The clearance project executive committee was
made up of representatives from the Norwegian Pe-
troleum Directorate, Directorate of Fisheries, Nor-
wegian Hydrographic Service, Association of
Fishermen, and Oil Industry Association.




NPD Annual Report 1991 131

7. International Cooperation

7.1 AID TO FOREIGN COUNTRIES

7.1.1 Aid through NORAD

Through a cooperation agreement with NORAD,
the Norwegian Directorate for Development Co-
operation, the Norwegian Petroleum Directorate as-
sisted with development aid to Tanzania, Namibia,
Mozambique, the Seychelles, Yemen, Bangladesh,
Nicaragua and Costa Rica in 1991. Assistance was
also given to the Committee for Coordination of
Joint Prospecting for Mineral Resources in Asian
Offshore Areas (CCOP), an organisation covering
11 countries.

Tasks in these areas comprised consultation in
connection with planning and implementation of li-
censing rounds, follow-up of consultants in connec-
tion with seismic processing, seismic interpretation
and installation of computer equipment, transfer of
seismic data, storage of seismic data, and training of
personnel.

The Norwegian Petroleum Directorate’s major
commitments in 1991 were in the following coun-
tries:

a) Bangladesh

The Directorate acted as advisor in connection with
the purchase and installation of hardware and soft-
ware for processing and digitalisation of seismic data
for the Bangladesh Petroleum Institute (BPI). The
Directorate also acted as advisor for several studies
of reconditioning of seismic data, regional geolog-
ical charting, density studies of sedimentary basins,
and mapping and appraisal of a small oil field. These
are steps in the project process to build up the insti-
tution.

b) Namibia

Aid to Namibia is directed to the National Petro-
leum Corporation of Namibia (NAMCOR) and was
largely connected to the planning and implementa-
tion of Namibia’s first licensing round. The Directo-
rate followed up seismic interpretation studies
undertaken by consulting engineers and collated
data from several explorations. Advice was also
given regarding the choice of consultant to under-
take a market analysis for the Kudu gas field. The
Directorate also examined the filing system in Nam-
cor and has proposed a project which will develop a
new records management system for 1992 suitable

¢) Nicaragua

As part of an advice programme to the Nicaraguan
national energy office, Instituto Nicaraguense de
Energia (INE), the Directorate assisted with the re-
conditioning of seismics from the Pacific continental
shelf. Initiation and follow-up of a project under-
taken by a firm of consultants aiming towards a pe-
troleum exploration campaign on the Nicaraguan
continental shelf was also on the agenda. Two Nica-
raguan geologists spent a short term with the Direc-
torate in Norway in connection with the conclusion
of a project under a Norad bursary at the Norwegian
Institute of Technology (NTH).

d) Tanzania

This project is approaching a conclusion and in 1991
the Directorate concentrated on two main areas:
collection and processing of seismic data; and stor-
age of seismic data. In respect of collection of seis-
mic data in the Pemba-Zanzibar region, assistance
was given to the Tanzania Petroleum Development
Corporation (TPDC) involving advice on choice of
gathering parameters. The Directorate also helped
with follow-up and control of data processing. Tan-
zania’s seismic data are stored in Norway. In view of
the future storage of these materials in Tanzania,
they were transferred from ordinary tape to a more
compact format. The Directorate assisted in this
process with advice and a helping hand.

¢) Yemen :

In connection with the signing of a bilateral co-
operation agreement between Norway and Yemen,
the Directorate assisted with the direction and con-
trol of the oil activity. Two representatives from the
Ministry of Energy and Mineral Resources, Explo-
ration and Production Board, spent three months in
the Directorate for instructional purposes. The Di-
rectorate also joined with Norway’s State Pollution
Control Authority (SFT) to make a study trip to Ye-
men in connection ‘with a proposed programme for
environmental and safety-related control of the oil
activity.

f) Seychelles
The chief executive of the Seychelles National Oil
Company Ltd (SNOC) spent five weeks in Norway
to gain an insight into Directorate routines for con-
trol and administration of the oil industry.

In connection with the drafting of environmental

for the increasing volume of petroleum business. An
engineer from Namcor was seconded to Norway for
a short period t0 examine the Directorate’s systems
for storage and filing of geological specimens.

legislation for the islands, a representative of the
Department of the Environment, Republic of Sey-
chelles, spent a brief period in the Directorate doing
information searches and engaging in discussions.
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7.1.2 Aid through PETRAD

From 1 January 1989 until 31 December 1991 the
Directorate undertook a test project for Norad
aimed at examining the feasibility of setting up a
training scheme in Norway for petroleum adminis-
tration and management executives. The target
group is executives in petroleum administration and
the national oil companies in the developing coun-
tries.

The project, called the International Programme
for Petroleuam Management and Administration
(PETRAD), was the direct responsibility of the Di-
rector General of Petroleum.

Based on information regarding the need for ex-
ecutive training in the petroleum sector in Africa,
Asia and Latin America, Petrad organised 29
courses and seminars, lasting from two days to eight
weeks. Training was given in Africa, Asia and Nor-
way. No less than 845 executives from 40 countries
attended the seminars. The budget for the trial pe-
riod was Nkr 21 million.

For the design and implementation of the training
Petrad sought to draw on all aspects of Norwegian
competence in the petroleum sector. Some 32 repre-
sentatives of Norwegian institutions took turns as re-
source persons and lecturers. Petrad also engaged a
score or so lecturers from developing countries as
well as many experts from various international or-
ganisations.

The programme aimed to cover a broad spectrum
of management and administration of petroleum ac-
tivities, both upstream and downstream, and train-
ing was organised in four categories:

— The Role of Petroleum in Sustainable Develop-
ment

— Petroleum Resource Management

~ Safety and Environmental Management

- Managing Petroleum Procurement and Use.

The experiences of these courses and seminars al-
lowed Petrad to develop two eight-week instruction
programmes:

— Petroleum Policy and Management
-~ Management of Petroleum Operations.

These programmes were developed with the aid of
50 experts from Norwegian teaching environments,
consultants and operating companies.

The courses were first offered between 9 Septem-
ber and 1 November 1991, attracting 40 participants
from 19 countries, among them Norway.

Experience from the trial project was extremely
rewarding and shows what a great need the develop-
ing countries have to train their executives in petro-
leum management and administration. ’

Norad has therefore asked the Directorate to

7.2 SAFETY AND THE WORKING ENVIRON-
MENT
The Directorate cooperates and enjoys extensive
contacts with international professional organisa-
tions and political and technical bodies, both di-
rectly and indirectly through other Norwegian agen-
cies.
The purpose of this cooperation is as follows:

a) To help ensure that safety and the working en-
vironment at least meet the accepted interna-
tional standards

b) To secure the supply of relevant information
for competence building and regulatory de-
velopment

¢) To improve our understanding of and experi-
ence in international relations so as to usefully
influence safety and working environment is-
sues.

Generally the cooperation has involved taking part
in inter-governmental fora in Europe and the
United Nations, supplemented by direct coopera-
tion with various kinds of international and regional
professional bodies. A list of the most important
partners in 1991 is given below followed by further
details of the areas covered:

a) EC Commission, in collaboration with Nor-
way’s Ministry of Local Government, on safety
and the working environment

b) The United Nations’ International Maritime
Organisation (IMO) and International Labour
Organisation (ILO) concerning safety at sea
and the working environment, respectively

c¢) European Diving Technology Committee
(EDTC) and Association of Offshore Diving
(AODC) for safety while diving

d) Marine Technology Directorate (MTD) in UK
on inspection and maintenance of installations

e) Welding Institute (WI) in UK on research and
development of materials and welding

f) American Petroleum Institute (API), attend-
ance at annual conferences on technical petro-
leum subjects and standardisation

g) National Association of Corrosion Engineers
(NACE) in USA, participation at annual con-
ferences on corrosion and surface treatment

h) Comité Européen de Normalisation Electrote-
chnique (CENELEC), concerning electrical
engineering standardisation in Europe, through
the Norwegian Electrical Engineering Commit-
tee (NEK).

7.2.1 The EC Committee
Since 1982 Norway, represented by the Norwegian
Petroleum Directorate, has held observer status in

undertake the continuation of the programme in
1992 for an interim period while an evaluation and,
hopefully, a decision to set up Petrad on a per-
manent basis from 1993, can be made.

the EC processes concerning safety and the working
environment in the offshore petroleum activity. This
work comes under the EC’s Safety and Health Com-
mission for the Mining and other Extractive Indus-
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tries and is implemented by the Working Party on
Oil, Gas and Other Minerals Extracted by Bore-
hole.

The activities of the Working Party received
higher priority in 1990 as a result of the decision on
the part of the EC to prepare directives which also
cover the working environment and safety in the off-
shore petroleum industry. Accompanying technical
appendices have also been prepared.

The draft directive in 1991 was examined by the
European Parliament, whose comments were con-
sidered by the EC Safety and Health Commission
mentioned above, and a new consultative document
is being planned for circulation in the EC. The in-
tended date of implementation of the directive is the
new year 1993.

7.2.2 Electro-engineering standards and regulations
The Norwegian Petroleum Directorate sits on the
following committees:

a) CENELEC, Working Group 12, Regulations
for Installation of Explosion-proof Materials

b) NEK, Standards Committee (NK) 18, Ship-
board Installations

¢) NEK, Standards Committee (NK) 31, Electri-
cal Equipment for Explosion-Hazard Areas

d) International Electrotechnical Commission
(IEC), Technical Committee 18, Electrical In-
stallations on Ships and on Mobile and Fixed
Offshore Units. The Directorate’s participant
acts as secretary of the European part of Work-
ing Group 18, which, together with a North-

American group, will prepare new IEC publi-
cations for mobile and fixed installations.

7.2.3 Lectures

In 1991, as previously, the Directorate was engaged
to lecture and chair meetings at a number of courses
and conferences concerning issues relating to safety
and the working environment, in Norway and
abroad. This activity is considered a very important
factor in the mutual exchange of information and in-
fluence, not least in the light of the increasingly
international flavour of regulations and similar do-
cuments.

7.3 INTERNATIONAL STANDARDISATION OR-
GANISATION

International standards are utilised for the analysis

and measurement of oil and gas, and the Directora-

te participates in the international work to revise

existing standards and establish new ones in these

technical areas.

When the EC Internal Market is established from
1993, the EC will place greater emphasis on the re-
quirement to employ standardised procedures also
in connection with the measurement and analysis of
oil and gas. The standardisation work is therefore of
the utmost importance.

National work groups have been set up to review
the International Standardisation Organisation
(ISOY)’s activities regarding oil and gas measurement
for the purpose of protecting national interests. The
Directorate is also actively involved in this work.
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8. Statistics and Summaries

8.1 UNITS OF MEASUREMENT

The Norwegian Petroleum Directorate generally ad-
vocates the Systéme International d’Unités, or SI,
system of units, and use of this system is recom-
mended for the oil companies engaged in operations
on the Norwegian continental shelf. However, there
are many other units which have won a place in the
petroleum and offshore industry by virtue of long
tradition.

There are several units and expressions used to
describe production statistics for oil and -gas which
are based on measurement units. Some of these are
described in brief below.

Quantity of oil

An exact statement of a quantity of oil, expressed as
volume, must be with reference to a given set of
standard conditions, or state, defined in terms of
temperature and pressure. This is necessary because
the volume of a given quantity of oil varies with
pressure and temperature. The standard conditions
in each case are the reference conditions for the
measurement in question. The two most common
reference conditions are a) 60 degrees Fahrenheit, 0
pounds per square inch gauge and b) 15 degrees
Centigrade, 1.01325 bar.

Other pressure and temperature references are
also found. Note that expressions such as “standard
conditions”, “barrels at standard conditions” are
ambiguous so long as the pressure and temperature
references are not identified.

The International Standardisation Organisation
recommends the use of the reference state b) given
above, and this reference state was incorporated in
Norwegian Standard NS 5024 in 1979. The Directo-
rate is making efforts to get this reference state
more generally accepted in the offshore industry.

An exact conversion of an oil volume under given
conditions to its equivalent under other given condi-
tions requires the use of special tables; for rough es-
timates only it can be assumed that the volume
under conditions a) is approximately the same as
under conditions b).

Common abbreviations (oil)

The Standard Cubic Metre is written SCM, scm,
Sm3 or, more properly, Sm®. Also cm is sometimes
seen. For larger quantities it is useful to write mem
(million cubic metres) and bem (billion cubic me-
tres). A million is sometimes written 10¢, and a bil-

The traditional American unit is Barrels at Stand-
ard Conditions, the conditions usually being as
under a) above (60 degrees F and 0 psig).

The conversion formula is 1 scm equals approx
6.29 barrels at standard conditions.

Quantity of gas

Even more than for oil, the volume of gas will de-
pend on the temperature and pressure conditions as-
sumed for the measurement. Four sets of reference
conditions are common: a) 60 degrees F, 14.73 psi
absolute; b) 60 degrees F, 14.696 psia; ¢) 15 degrees
C, 1.01325 bar; d) 0 degrees C, 1.01325 bar. The
first three are usually termed “standard conditions”,
while alternative d) is usually called “normal condi-
tions”.

It is not possible to convert volumes from one set
of conditions to another without knowing the physi-
cal properties of the particular gas. For rough esti-
mates it is sufficient, nonetheless, to say that condi-
tions a), b) and c) produce nearly identical results;
while alternative d) gives a volume approx 5 per
cent lower for a given quantity of gas.

Common abbreviations (gas)
The abbreviations for gas are the same as given for
oil above with the addition of the following: Nm3
or, more properly, Nm?, indicates normal cubic me-
tres; Scf indicates standard cubic feet. Once again
the reference conditions have to be specified if an
exact expression is required.

For conversion 1 scm is about equal to 0.95 Nm3,
or to about 35.3 Scf.

Quality indication — oil and gas

A commonly used method of indicating the compo-
sition of o0il or gas is to note its specific gravity or
relative density. A low value in either case means
the oil or gas is made up of low molecular weight
components.

Oil

a) Specific gravity 60/60°F
This is the relative density of oil to water. Qil
and water are both at 60°F temperature and at-
mospheric pressure at the point of measure-
ment. The quantity has no units.

b) API gravity at 60°F
This is the specific gravity 60/60°F expressed on

lion (a thousand million), 10°. Note the caution
above regarding standard conditions: if the tempera-
ture and pressure references are not specified, the
units are ambiguous.

an expanded scale. The units are called "API
and conversion is by this formula: API gravity
at 60°F equals (141.5/specific gravity 60/60°F)
minus 131.5.
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c) Density at 15°C
Absolute density at 15°C temperature and at-
mospheric pressure at the point of measure-
ment. )

Gas

a) Specific gravity
This is the relative density of gas compared to
air. The expression is not exactly defined unless
the temperature and pressure are stated. Very
often, however, no reference temperature or
pressure are given. For rough estimates this is
not critical as the differences between the most
commonly used reference states are small.

Indication of oil and gas quantities in oil equivalents

Oil and gas quantities are often expressed in tons of
oil equivalent (toe) where an exact statement of the
quantity or volume is not called for. The conversion
is based on the quantity of energy (thermal value)
released by combustion of the oil or gas. For many
oils and gases the energy in one ton of oil will be
very nearly equal to the energy in 1000 scm gas. As
this factor is so easy to apply, and the qualitative dif-
ferences of oil and gas during treatment, storage,
distribution and application are very considerable, it
would not be useful to state the conversion factor to
more decimals. It is therefore usual to assume the
following: 1 toe equals 1 ton oil or 1000 scm gas.
Useful units for larger volumes are therefore mtoe
and btoe, for million and billion toe. By analogy,
mton and bton would indicate million and billion
tons. Tons are in all cases metric tonnes (1000 kg).

8.2 EXPLORATION DRILLING STATISTICS

By year end 1991 a total of 709 exploration wells had
been started on the Norwegian continental shelf
since the first was spudded in 1966. Of this number,
509 were wildcats and 200 appraisal wells. Table
8.2.a gives details. By the same date, 658 explora-
tion wells had been terminated, while 40 were sus-
pended for various reasons.

The reasons include deferred testing, possible
completion as production wells, continued drilling,
or subsequent plugging.

The most northerly exploration well to date on
the Norwegian continental shelf is 7321/7-1 which
was drilled in 1988 with Mobil as operator. The fur-
thest east is 7228/6-1, drilled by Conoco in 1991;
and the westernmost 6201/11-2, drilled by Statoil in
1991. The furthest south is 2/10-1-S, drilled by Phil-
lips in 1976.

Exploration wells have been drilled by 19 differ-
ent operating companies. The regional numbers
drilled per operator are shown in Figure 8.2.a and
Tables 8.2.b-c. The number of days of operation per
company in 1991 is shown in Figure 8.2.b. Figure
8.2.c shows the Norwegian operating companies’
share of drilling operations.

By year end 1991, the total length of exploration
hole had reached 2,287,562 metres. Of the total,
170,627 metres were drilled in 1991. The average to-
tal depth of the exploration wells reaching total
depth in 1991 was 3639 metres.

Exploration well 30/4-1, terminated in 1979, is the
deepest well to date on the Norwegian side. Here,
BP was the operator and the total vertical depth

ks
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Regional spread of exploration wells per operator
Companies
Unccal l l
Texaco 1
Syracuse
i~ IR Barents Sea
Agip :
Tou ] Mid-Norway
Mur;:lyf ] North Sea

B P77
Mobl P77 77277 .
Conoco 1277557 1
Amoco P77 77777 LI LTI 77
Shel {77777 e 7l B
Esso |77 777 7 7 R
Prilos 7227777777002 277777 l)
B 7 T T T L T T
Saqa 77277 77T ] |

Hydro T227 //// 777

77 //////// LLLLL LT

Swtoll 77777777, A1, 77777

777,

7777 -

0 20 40 €0

Number of wells

100 120 140 160




136 NPD Annual Report 1991

Table 8.2.a
Wells spudded as of 31 December 1991

Year-spudded 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 Total
‘Wildcat 2 610 12 11 11 11 17 13 17 20 12 14 18 26 26 36 33 35 30 26 25 18 20 26 34 509
Appraisal 21 6 5 3 5 5 9 3 8 51010 13 13 7 12 20 10 11 11 8 10 13 200
Exploration 2 6 12 13 17 16 14 22 18 26 23 20 19 28 36 39 49 40 47 50 36 36 29 28 36 47 709
Dévelopment 1 18 24 7 34 50 36 27 16 22 23 33 47 47 48 55 66 60 64 678
Total 2 6 1213 17 16 14 23 36 S0 30 54 69 64 62 55 71 63 80 97 83 84 84 94 96 111 1387

Table 8.2.b

Exploration wells by operating company and region
Operator North Sea Off Mid-Norway Barents Sea Total

w A E w A E w A E w A E

Statoil 56 46 102 34 4 38 18 1 19 108 51 159
Norsk Hydro 69 25 94 10 2 12 16 16 95 27 122
Saga 39 9 48 14 14 2 2 55 9 64
Elf 42 16 58 2 2 1 1 45 16 61
Phillips 41 19 60 1 1 42 19 61
Esso 28 19 47 2 2 4 4 34 19 53
Shell 25 11 36 4 5 9 2 2 31 16 47
Amoco 25 14 39 25 14 39
Conoco 18 18 3 8 11 1 1 22 8 30
Mobil 14 8 22 2 2 2 2 18 8 26
BP 13 12 25 1 1 14 12 27
Gulf 7 7 7 7
Murphy 3 1 4 3 1 4
Total 2 2 1 1 3 3
Agip 2 2 2 2
Fina 1 1 1 1
Syracuse 1 1 1 1
Texaco 1 1 1 1
Unocal 1 1 1 1
Wildcat 389 73 47 509
Appraisal 180 19 1 200
Exploration 569 92 48 709

W = Wildcat

A = Appraisal

E = Exploration

Table 8.2.c

Exploration wells spudded in 1991 by operating company and region
Operator North Sea Off Mid-Norway Barents Sea Total

w A E w A E w A E w A E
Statoil 4 4 4 4 8 8
Norsk Hydro 6 5 11 2 2 1 1 9 5 14
Phillips 1 2 3 1 2 3
Elf 2 1 3 2 1 3
Saga 3 3 6 1 1 4 3 7
Esso 1 1 1 1 2 2
Shell 1 1 1 1
Amoco 1 1 1 1
Conoco 1 1 1 1
Mobil 1 1 1 1
BP 2 2 4 2 2 4
Fina 1 1 1 1
Agip 1 1 1 1
Wildcat 23 8 3 34
,,,,,,,,,,,,,,,,,,,, __Appraisal 13 13

Exploration 36 8 3 47

W = Wildcat

A = Appraisal
E = Exploration
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Fig. 8.2.b Fig. 8.2.d
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Fig. 8.2.c
Participation of Norwegian operators in exploration
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5455 metres. The longest borehole so far is 2/12-2-S,
drilled by Norsk Hydro in 1990. The length of the
well is 5757 metres, but as it was drilled at an angle
it did not reach the same total depth as 30/4-1.

The greatest water depth in which a well has been
drilled to date in the Norwegian sector is 523 me-
tres: The well, 6607/5-2, was drilled in 1991 with
Esso as operator. The average water depth in which
exploration wells were drilled in 1991 was 194 me-
tres. Figure 8.2.d shows the average water depths in
which exploration wells were drilled from 1966 to
1991.

For the drilling operations to date on the Norwe-
gian continental shelf, 70 different drilling rigs have
been employed, nine of them under two different
names. Of the total, 52 were semi-submersibles, 11
jack-ups, five drill ships and two fixed installations.
In 1991 there were 17 different drilling rigs in action
in Norway’s offshore regions.

All drilling rigs engaged at one time or another in
the Norwegian sector are listed in Table 8.2.d.

Table 8.2.d
Drilling rigs active on Norwegian continental shelf as of 31 December 1991
Number Number
Rig name of wells of reentries Type of rig
Aladdin 1 Semi-submersible
Arcade Frontier (formerly Norjarl) 5 «
Borgny Dolphin (formerly Fernstar) 27 8 «
Borgsten Dolphin (formerly Haakon Magnus) 9 «
Bucentaur 1 Drill ship
Byford Dolphin (formerly Deepsea Driller) 27 Semi-submersible
Chris Chenery 2 «
Deepsea Bergen 28 3 «
Deepsea Saga 16 3 «
Drillmaster 5 1 «
Drillship 1 Drill ship
Dyvi-Beta 6 1 Jack-up
Dyvi Gamma 1 «
Dyvi Stena 19 1 «
Endeavour 2 «
Glomar Biscay II (formerly Norskald) 39 1 «
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Number Number
Rig name of wells of reentries Type of rig
Glomar Grand Isle 11 3 Drill ship
Glomar Moray Firth I 2 Jack-up
Gulftide 3 «
Henry Goodrich 2 «
Hunter (formerly Treasure Hunter) 6 3 «
Kolskaya 1 «
Le Pelerin 1 Drill ship
Mersk Explorer 7 Jack-up
Mersk Guardian 1 «
Mearsk Jutlander 3 1 Semi-submersible
Neddrill Trigon 3 1 Jack-up
Neptune 7 (formerly Pentagone 81) 13 Semi-submersible
Nordraug 12 <«
Nortrym 32 3 «
Ocean Tide 5 Jack-up
Ocean Traveler 9 Semi-submersible
Ocean Victory 1 «
Ocean Viking 28 1 «
Ocean Voyager 2 «
QOdin Drill 3 «
Orion 7 Jack-up
Pentagone 84 2 1 Semi-submersible
Polar Pioneer 23 2 «
Polyglomar Driller 11 «
Ross Isle 25 7 «
Ross Rig 29 «
Ross Rig (new) 17 3 «
Saipem II 1 Drill ship
Scarabeo 1 Semi-submersible
Sedco 135 G 3 «
Sedco 703 3 1 «
Sedco 704 3 «
Sedco 707 8 «
Sedco H 2 «
Sedneth 1 3 «
Sovereign Explorer 1 1 «
Transocean 8 10 2 «
Transworld Rig 61 2 «
Treasure Saga 36 3 «
Treasure Scout 23 «
Treasure Seeker 24 5 «
Vildkat Explorer 21 4 <«
Vinni 5 «
Waage Drill 2 «
West Alpha (formerly Dyvi Alpha) 20 2 «
West Delta (formerly Dyvi Delta) 31 2 «
West Vanguard 25 6 «
West Venture 12 2 <«
West Vision 1 «
Yatzy 1 «
Zapata Explorer 13 Jack-up
Zapata Nordic 5 «
Zapata Ugland 5 1 Semi-submersible
707 74
In addition two 'wells have been drilled from fixed instllations
Cod 1 1
Ekofisk B 1
709 75

8.3 DEVELOPMENT DRILLING STATISTICS
Since 1973, a total of 678 development wells have
been commenced in the Norwegian sector of the

observation and production well, and one is an ob-
servation and injection well. Of the total, 207 are
out of service; being either closed down, suspended

North Sea, and these are tabulated in Figure 8.2.a
for each year up to 1991.

Of these wells, 349 are producers of oil, gas or
condensate, 107 are water or gas injectors, one is an

for later completion, or suspended for some other
reason. Thirteen production wells were being drilled
at year end 1991.

A summary of development wells is given in Table
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8.3.a. Figure 8.3.a shows development wells started
each year during the period 1973 to 1991.

At year end production or injection was underway
from 22 fields and 32 installations, four of which —
Nordgst-Frigg, @st-Frigg, TOGI and Tommeliten —
are subsea installations.

The distribution of development wells by field is
shown in Figure 8.3.b, while Figure 8.3.c shows the
wells broken down by operating company. The first
production well on the Brage field was spudded just
before the new year using the Vildkat Explorer se-
mi-submersible.

In 1991, 64 development wells were started in 14
fields. Fourteen of them were drilled from mobile
drilling rigs.

Development welis broken down by installation
are shown in Figure 8.3.d. Wells spudded or termi-
nated in 1991 are listed in Table 8.3.b; while Figure

Fig. 8.3.a
Development drilling on the Norwegian continental
shelf 1973-1991
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Table 8.3.a
Development drilling as of 31 December 1991

Field Hycro- Total Spudded Produc- Injection/ Drilling Plugged/
carbon drilled 1990 ing (observation) Shut-down/
Suspended

Albuskjell A + cond 1 7 4-
Albuskjell F cond 13 13
Brage oil 1 1 1
Cod + cond 9 3 6
Edda + oil 10 6 4
Ekofisk A + oil 26 4 21 5
Ekofisk B + oil 35 4 20 1* 14
Ekofisk C + oil 24 3 15 5** 4
Ekofisk K + w.inj. 26 23 1 2
Ekofisk W + w.inj. 8 3 8
Eldfisk A + oil 38 23 15
Eldfisk B + oil 29 2 19 1 9
Frigg (UK) gas 24 24
Frigg + gas 28 10 18
Gullfaks A + oil 42 6 24 7 1 10
Gullfaks B + oil 21 4 1 6 1 3
Gullfaks C + oil 10 5 6 2 1 1
Gyda + oil 14 4 8 4 1 1
Heimdal + cond 11 8 (1)*** 2
Hod + oil 6 4 5 1
N.@.Frigg + gas 7 3 4
Odin + gas 1 10 1
Oseberg B + oil 24 4 9 7 1 7
Oseberg C + oil 9 1 6 3
Snorre oil 6 5 1 5
Statfjord A + oil 42 2 22 14 1 5
Statfjord B + oil 34 1 22 10 1 1
Statfjord C + oil 32 2 21 10 1
Togi + gas 5 5
Tommeliten + cond 7 6 1
Tor + oil 19 2 10 1 8
Ula + oil 19 2 10 6 3
Valhall + oil 44 3 20 24
V. Ekofisk + cond 16 7 9
Veslefrikk + oil 12 2 7 5
Ost Frigg + gas 5 5

678 64 349 102 13 207
+  Field producing/injecting (1)*

Observation/production well(s) S**

**  Prod./inj. wells depending on gas sales (1)***
***  Observation/injection weli(s)

349 wells are producing (285 oil, 31 condensate and 33 gas)
163 wells are shut down/plugged
107 wells are injection wells (of which S inj./prod.)

1 well is an observation-/production well

1 well is an observation-/injection well

13 wells are under drilling (2/1-A-16, 2/4-E-6 A, 2/4-K-16, 2/7-B-3 A, 30/9-B-46, 31/4-A-1, 33/9-A-24, 33/9-C-27, 33/12-B-

2, 33/7-P-13, 34/10-A-35, 34/10-B-19, 34/10-C-9)

12 wells are suspended at total depth: (2/1-A-9, 2/4-K-15, 2/7-A-7 A, 30/6-C-5, 30/6-C-8, 33/9-A-27, 33/9-C-39, 34/7-P-18,

34/7-P-28, 34/7-P-33, 34/7-P-29, 34/10-B-18)
1 well is susp. at 9 5/8": (34/10-C-10)

3 wells are susp. at 13 3/8": (2/7-A-15, 2/7-A-22, 30/9-B-42)

1 well is susp. at 18 5/8": (34/7-P-25)
1 well is susp. at 20": (25/4-A-1)

1 well is suspended with a fish in the 36" open hole: (2/4-K-3)

25 wells never produced
678 wells

8.3.e and Table 8.3.c provide summaries of wells

well reached a measured depth of 7250 metres. With

drilled from mobile rigs.

The longest borehole to date on the Norwegian
continental shelf, 33/9-C-3, was concluded in 1991.
Drilled by Statoil from the Statfjord C platform, the

a vertical depth of 2695 metres the well reached out
to a bottom position 6085 metres from the platform
centreline.
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Table 8.3.b

Development wells spudded or terminated in 1991
Lic. no. Prod. well no. Spudded Terminated Operator Field
432 30/06-C-11 88.10.14 91.09.15 HYDRO OSEBERG C
488 2/04-K-07 90.09.23 91.04.20 PHILLIPS EKOFISK K
552 31/05-B-06 H 89.11.19 91.10.15 HYDRO TOGI
561 31/05-B-04 H 90.01.15 91.01.01 HYDRO TOGI
571 31/05-B-02 H 90.03.12 91.01.14 HYDRO TOGI
590 34/10-C-04 90.06.22 91.02.09 STATOIL GULLFAKS C
598 2/11-A-02 90.09.30 91.01.04 AMOCO HOD
599 2/04-B-17 A 90.12.17 91.03.02 PHILLIPS EKOFISK B
600 34/10-C-05 90.09.02 91.01.03 STATOIL GULLFAKS C
604 30/03-A-09 90.10.29 91.05.22 STATOIL VESLEFRIKK A
605 2/04-C-18 90.10.20 91.01.12 PHILLIPS EKOFISK C
606 2/01-A-06 A 90.11.09 91.04.15 BP GYDA
607 2/04-C-22 91.01.16 91.03.25 PHILLIPS EKOFISK C
608 2/01-A-17 90.12.06 91.02.01 BP GYDA
609 33/09-A-27 91.01.01 91.08.12 STATOIL STATFIORD A
610 33/09-C-03 90.11.09 91.05.04 STATOIL STATFIORD C
611 30/09-B-02 90.11.08 91.01.14 HYDRO OSEBERG B
612 30/03-A-10 90.11.13 91.01.06 STATOIL VESLEFRIKK A
613 2/07-A-23 B 90.11.23 91.03.14 PHILLIPS ELDFISK A
614 2/08-A-12 B 90.12.01 91.03.21 AMOCO VALHALL
615 2/04-W-02 90.11.25 91.01.26 PHILLIPS EKOFISK W
616 2/04-K-16 90.12.26 00.00.00 PHILLIPS EKOFISK K
617 2/11-A-01 91.01.01 91.03.06 AMOCO KOLSKAYA
618 34/07-P-29 91.01.01 91.03.08 SAGA SNORRE
619 34/10-B-14 A 90.12.24 91.03.08 STATOIL GULLFAKS B
620 34/10-A-31 90.12.07 91.03.17 STATOIL GULLFAKS A
621 2/04-W-07 91.01.27 91.03.22 PHILLIPS EKOFISK W
622 30/09-B-12 A 91.01.17 91.03.13 HYDRO OSEBERG B
623 2/04-B-16 B 91.03.02 91.04.17 PHILLIPS EKOFISK B
624 34/10-A-20 A 91.01.23 91.02.24 STATOIL GULLFAKS A
625 34/10-C-06 91.02.11 91.04.18 STATOIL GULLFAKS C
626 30/09-B-08 91.02.03 91.04.27 HYDRO OSEBERG B
629 2/04-B-16 C 91.04.17 91.06.05 PHILLIPS EKOFISK B
631 34/07-P-25 91.03.09 91.03.15 SAGA SNORRE
632 2/04-W-01 91.03.19 91.05.06 PHILLIPS EKOFISK W
633 2/11-A-01 A 91.03.06 91.04.11 AMOCO HOD
634 712-A-17 91.04.05 91.10.02 BP ULA
635 2/07-B-11 A 91.06.10 91.09.07 PHILLIPS ELDFISK B
636 2/01-A-23 91.04.17 91.07.08 BP GYDA
637 34/10-A-32 91.03.17 91.05.09 STATOIL GULLFAKS A
638 2/04-A-17 91.03.27 91.05.20 PHILLIPS EKOFISK A
639 2/04-C-17 91.03.28 91.05.18 PHILLIPS EKOFISK C
640 30/06-C-27 H 91.04.02 91.06.25 HYDRO OSEBERG C
641 30/03-A-11 91.05.25 91.07.02 STATOIL VESLEFRIKK A
642 2/11-A-03 91.04.12 91.07.23 AMOCO HOD
643 30/09-B-39 91.04.27 91.10.15 HYDRO OSEBERG B
644 2/08-A-25 91.04.17 91.07.17 AMOCO VALHALL
645 34/10-C-07 91.04.18 91.06.26 STATOIL GULLFAKS C
646 34/10-B-16 91.04.26 91.06.26 STATOIL GULLFAKS B
650 34/10-A-33 91.05.09 91.09.13 STATOIL GULLFAKS A
651 2/04-C-23 91.05.19 91.07.10 PHILLIPS EKOFISK C
652 2/04-E-06 91.07.10 91.11.14 PHILLIPS TOR
653 2/04-E-06 A 91.11.14 00.00.00 PHILLIPS TOR
654 2/11-A-04 91.07.24 91.09.09 AMOCO HOD
655 2/08-A-27 91.07.18 91.09.03 AMOCO VALHALL
656 34/10-B-17 91.07.02 91.08.11 STATOIL GULLFAKS B
657 33/09-C-39 91.06.25 91.10.01 STATOIL STATFJORD C
658 2/04-A-16 91.07.30 91.09.17 PHILLIPS EKOFISK A
659 34/10-C-08 91.06.26 91.08.19 STATOIL GULLFAKS C
660 33/09-A-24 91.08.14 91.09.11 STATOIL STATFIORD A
661 30/03-A-12 91.07.03 91.08.22 STATOIL VESLEFRIKK A
662 2/01-A-09 91.07.09 91.09.03 BP GYDA
663 2/07-B-03 A 91.09.28 91.11.17 PHILLIPS ELDFISK B
664 34/10-A-34 91.07.14 91.10.09 STATOIL GULLFAKS A
665 33/12-B-02 91.08.17 00.00.00 STATOIL STATFIORD B
666 34/10-B-18 91.08.11 91.11.14 STATOIL GULLFAKS B
667 34/10-C-09 91.08.19 00.00.00 STATOIL GULLFAKS C
668 2/04-B-13 91.10.15 91.12.22 PHILLIPS EKOFISK B
669 2/01-A-22 91.09.04 91.10.24 BP GYDA
670 34/07-P-18 91.09.11 91.11.09 SAGA SNORRE
671 712-A-01 A 91.10.03 91.11.14 BP ULA
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Lic. no. Prod. well no. Spudded Terminated Operator Field
672 2/04-A-18 91.09.22 91.11.11 PHILLIPS EKOFISK A
673 30/09-B-46 91.10.16 00.00.00 HYDRO OSEBERG B
674 34/10-A-34 A 91.10.09 91.11.16 STATOIL GULLFAKS A
675 2/08-A-16 C 91.10.03 91.12.16 AMOCO VALHALL
676 2/01-A-16 91.10.26 00.00.00 BP GYDA
677 34/10-B-19 91.11.22 00.00.00 STATOIL GULLFAKS B
678 34/10-C-10 91.10.22 91.11.29 STATOIL GULLFAKS C
679 34/10-A-35 91.11.17 00.00.00 STATOIL GULLFAKS A
680 34/07-P-33 91.11.10 91.12.28 SAGA SNORRE
682 33/09-C-27 91.11.27 00.00.00 STATOIL STATFJORD C
689 34/07-P-13 91.12.29 00.00.00 SAGA SNORRE
683 31/04-A-01 91.12.30 00.00.00 HYDRO BRAGE
Table 8.3.c
Production wells drilled from mobile drilling rigs Per 31.12.1991
Lic. no. Prod. well no. Spudded Terminated Operator Drilling rig
561 31/05-B-04 H 90.01.15 91.01.01 HYDRO POLAR PIONEER
571 1/05-B-02 H 90.03.12 91.01.14 HYDRO POLAR PIONEER
598 2/11-A-02 90.09.30 91.01.04 AMOCO KOLSKAYA
615 2/04-W-02 90.11.25 91.01.26 PHILLIPS MZARSK GUARDIAN
617 2/11-A-01 91.01.01 91.03.06 AMOCO KOLSKAYA
618 34/07-P-29 91.01.01 91.03.08 SAGA SCARABEO 5
621 2/04-W-07 91.01.27 91.03.22 PHILLIPS MARSK GUARDIAN
633 2/11-A-01 A 91.03.06 91.04.11 AMOCO KOLSKAYA
631 34/07-P-25 91.03.09 91.03.15 SAGA SCARABEO 5
632 2/04-W-01 91.03.19 91.05.06 PHILLIPS MZARSK GUARDIAN
640 30/06-C-27 H 91.04.02 91.06.25 HYDRO TRANSOCEAN 8
642 2/11-A-03 91.04.12 91.07.23 AMOCO KOLSKAYA
647 2/04-W-03 91.05.07 91.07.07 PHILLIPS MZRSK GUARDIAN
654 2/11-A-04 91.07.24 91.09.09 AMOCO KOLSKAYA
670 34/07-P-18 91.09.11 91.11.09 SAGA SCARABEO 5
680 34/07-P-33 91.11.10 91.12.28 SAGA SCARABEO 5
689 34/07-P-13 91.12.29 00.00.00 SAGA SCARABEO 5
683 31/04-A-01 91.12.30 00.00.00 HYDRO VILDKAT EXPLORER
8.4 PRODUCTION OF OIL AND GAS Table 8.4.a
The total production of oil and gas on the Norwe- Production in million tonnes oil equivalents (mtoe)
gian continental shelf was 118.4 mtoe in 1991. Pro- -
duction in 1990 was 107.3 mtoe. Tables 8.4.a-s 1991 oil Gas Total
which look at each producing field in turn and Fig- Ekoffiskdarea %gggi Zggg ;g%g
R H : : : tattjor . . .
ures 8.4‘.ab. which glve'penod summaries, set out Frigg area 0.000 6711 6711
production in more detail. Valhall 3.206 0.818 4.024
The data in Table 8.4.a summarise the Norwegian Murchison 0.332 0.003 0.335
shares in Statfjord, Frigg, and Murchison. In the ta- Heimdal 0.000 3.825 3.825
bles for oil, NGL is included for the Ekofisk area, Ula >.843 0424 6.267
. . Oseberg 17.617 0.000 17.617
Statfjord, Valhall, Murchison, Ula, Gullfaks, Tom- Gullfaks 17.512 0.936  18.448
meliten, Hod, Mime and Veslefrikk. Tommeliten 0.443 1.001 1.444
The data for gas in Table 8.4.a indicate the net Veslefrikk 3.068 0.000 3.068
quantities produced in all fields. For the fields Stat- Gyda . 2.754 0.416 3.170
q . . Troll-Vest/Togi 0.133 0.000 0.133
fjord, Frigg area, Heimdal and Gullfaks, condensate Hod 1.301 0.202 1.503
is included. Mime 0.139 0.037 0.176
Balder 0.117 0.000 0.117
Gamma Nord 0.091 0.000 0.091
Total 1991 93.123 25.231 118.354
Total 1990 81.368 26.018 107.386
Total 1989 74.280 29.364  103.644
Total 1988 56.001 29.023 85.024
Total 1987 49.016 28.797 77.813
Total 1986 42.052 26.561 68.613
Total 1985 38.479 26.276 64.755
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Fig. 8.4.a
Oil and gas production on the Norwegian shelf 1971-1991
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Fig. 8.4.b
il and gas production on the Norwegian shelf 1977-1991
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Table 8.4.b
Monthly oil and gas production from Valhall
1991 Unstabilized Gas Gas Gas  ‘Stabilized oil NGL Gas
oil prod prod flared fuel Teesside Teesside Emden
1000 Sm? Mill Sm? Mill Sm? Mill Sm? 1000 Sm? 1000 Sm?® Mill Sm?
JAN 362. 82. 4 7. 340. 27. 72.
FEB 298. 70. .6 6. 283. 20. 61.
MAR 328. 76. .8 6. 310. 23. 66.
APR 348. 80. .5 6. 329. 24. 70.
MAY 361. 80. 3 6. 341. 24. 70.
JUN 341. 76. 4 6. 325. 22. 66.
JUL 331. 75. v 5. 317. 20. 65.
AUG 142. 28. 1.4 2. 136. 6. 22,
SEP 364. 77. .6 5. 346. 22. 68.
OoCT 363. 78. 4 5. 348. 22. 70.
NOV 338. 72. 1.8 5. 324. 20. 63.
DEC 360. 81. 2.1 5. 345. 20. 70.
YEAR TOTAL 3936. 876. 10.1 65. 3744. 249. 763.
Table 8.4.c
Monthly gas and condensate production from Frigg
1991 Gas Condensate Gas Gas Gas Condensate
prod prod flared fuel St Fergus St Fergus
Mill Sm? 1000 Sm? 1000 Sm® Mill Sm? Mill Sm3 1000 Sm?
JAN 689. 2. 85. 7. 708. 3.
FEB 643. 2. 85. 6. 668. 5.
MAR 660. 2. 92. 6. 699. 4.
APR 656. 2. 147. 9. 685. 5.
MAY 719. 2. 133. 6. 659. 3.
JUN 497. 2. 151. 5. 476. 3.
JUL 404. 1. 2007. 7. 312. 3.
AUG 385. 1. 1041. 7. 311. 5.
SEP 388. 1. 78. 6. 404. 1.
OoCT 531. 2. 73. 5. 544. 4.
NOV 599. 2. 48. 6. 600. 4.
DEC 620. 2. 64. 5. 658. S.
YEAR TO- 6792. 21. 4004. 75. 6722. 45.
TAL
Figures are for the Norwegian share of Frigg, N@J-Frigg, Odin and @st-Frigg 100%.
Table 8.4.d
Monthly oil and gas production from Gullfaks
1991 Stabilized Gas Gas Gas Gas NGL/cond
. oil prod prod flared fuel Emden Karstg
1000 Sm? Mill Sm? Mill Sm? Mill Sm? Mill Sm? 1000 Sm3
JAN 1576. 166. 7. 19. 90. 10.
FEB 1417. 150. 4. 19. 82. 16.
MAR 1481. 154. 11. 21. 91. 14.
APR 1547. 158. 6. 21. 78. 16.
MAY 1774. 191. 5. 23. 80. 19.
JUN 1743. 190. 6. 21. 72. 22.
JUL 1799. 197. 6. 24. 72. 25.
AUG 1041. 105. 25. 14. 25. 4.
SEP 1850. 196. 5. 23. 71. 22.
OCT 1970. 210. 6. 24. 85. 28.
NOV 1797: 188: 5. 24 86: 27-
DEC 1912. 196. 5. 25. 90. 34.
YEAR TO- 19907. 2101. 91. 258. 922. 237.
TAL
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Table 8.4.e
Monthly gas and condensate production from Heimdal
1991 Gas Condensate Gas Gas Gas sold Condensate
prod prod flared fuel Emden Kinneil
Mill Sm? 1000 Sm? 1000 Sm? Mill Sm? Mill Sm? 1000 Sm?
JAN 216. 34. 63. 4, 321. 27.
FEB 285. 46. 34, 5. 286. 31.
MAR 355. 57. 82. 5. 296. 60.
APR 296. 47. 53. 4. 303. 47.
MAY 338. 55. 11. 5. 291. 55.
JUN 274. 44. 4, 4, 260. 48.
JUL 292. 47. 38. 4. 288. 42.
AUG 70. 11. 189. 1. 96. 13.
SEP 250. 41. 21. 4. 411. 39,
OCT 306. 50. 8. 4. 252. 46.
NOV 294, 48. 60. 4. 307. 44,
DEC 299. 48. 23. 4. 323. 45.
YEAR TO- 3275. 528. 586. 48. 3434, 497.
TAL
Table 8.4.f
Monthly oil and gas production from Murchison
1991 Unstabilized Gas Gas Gas  Stabilized oil Gas NGL S Voe/
oil prod prod flared fuel Sullom Voe St Fergus St Fergus
1000 Sm? Mill Sm? Mill Sm? Mill Sm? 1000 Sm? Mill Sm? 1000 Sm?
JAN 47. 8. 1.2 2.3 45. .0 1
FEB 41. 6. 0.8 2.0 37. .0 2
MAR 36. 5. 1.1 0.6 35. 2 i
APR 0. 0. 0.0 0.0 2. .0 0
MAY 14. 2. 0.3 0.6 7. 2 2
JUN 40. 5. 1.2 0.4 41. 3 1.3
JUL 2. 0.3 0.1 0.0 2. 3 2
AUG 15. 2. 0.1 1.1 13. .0 2
SEP 67. 8. 1.2 0.9 61. .5 2.0
OCT 58. 7. 1.3 0.4 53. 5 2.0
NOV 49. 6. 1.1 1.1 45. 3 1.5
DEC 59. 7. 1.3 0.4 53. .5 1.6
YEAR TOTAL 428. 56.3 9.7 9.8 394. 2.8 10.0
These figures are for the Norwegian share of Murchison.
Table 8.4.g
Monthly eil and gas production from Statfjord
1991 Stabilized Gas Gas Gas Gas NGL/cond
oil pfod prod flared fuel Emden Karstg
1000 Sm? Mill Sm? Mill $m? Mill Sm? Mill Sm? 1000 Sm?
JAN 3094. 652. 6. 39. 284. 91.
FEB 2904. 597. 6. 35. 260. 140.
MAR 3168. 684. 9. 39, 287. 139.
APR 3027. 650. 9. 39, 243. 128.
MAY 3288. 721. 6. 41. 254, 119.
JUN 2392. 534. 6. 28. 231. 114.
JUL 2787. 593. 8. 35. 235. 105.
AUG 3138. 642. 5. 40. 75. 26.
SEP 3385. 676. S. 38. 229. 111.
OCT 2378. 474, 4, 27. 272. 166.
NOV 2425. 472. 10. 27. 272. 155.
DEC 2872 567- 9. 32. 286 211.
YEAR TO- 34858. 7262. 84. 420. 2927. 1505.
TAL

These figures are for the Norwegian share of Statfjord.
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Table 8.4.h
Monthly oil and gas production from Ula
1991 Unstabilized Gas Gas Gas  Stabilized oil NGL Gas sold
oil prod prod flared fuel Teesside Teesside Emden
1000 Sm® Mill Sm? Mill Sm? Mill Sm? 1000 Sm* 1000-Sm? Mill Sm?
JAN 581. 48. 2 5. 553. 44, 37.
FEB 523. 43, 3 5. 500. 38. 33.
MAR 597. 48. 5 6. 567. 45, 36.
APR 593. 48. 2 6. 562. 46. 36.
MAY 619. 50. 4 6. 588. 47. 38.
JUN 5717. 46. 3 6. 552. 43, 34.
JUL 628. 49. 4 6. 598. 46. 37.
AUG 284. 22. 3.1 3. 272. 15. 4.
SEP 666. 52. T 6. 632. 53. 39.
OCT 684. 54. 4 6. 651. 52. 41.
NOV 665. 52. 5 6. 634. 49. 39.
DEC 707. 54. 5 6. 673. 52. 42,
YEAR TOTAL 7124. 566. 7.5 67. 6782. 530. 424,
Table 8.4.i
Monthly oil and gas production allocated to Ekofisk fields
1991 Unstabilized Gas Gas Gas  Stabilized oil NGL Gas
oil prod prod flared fuel Teesside Teesside Emden
1000 Sm? Mill Sm? Mill Sm? Mill Sm? 1000 Sm? 1000 Sm? Mill Sm?
JAN 1228. 946. 7 80. 1075. 142. 778.
FEB 1090. 844. 1.7 95. 982. 124. 723.
MAR 1216. 942. 1.6 98. 1095. 139. 774.
APR 1177. 924. 3 95. 1030. 141. 703.
MAY 1221. 965. .6 103. 1097. 141. 735.
JUN 1209. 968. 5 101. 1084. 144, 665.
JUL 1216. 1004. 1.5 101. 1046. 127. 687.
AUG 539. 402. 1.5 40. 497. 35. 257.
SEP 1245. 967. 1.4 102. 1148. 148. 597.
oCT 1259. 998. 2.6 104. 1121. 142. 782.
NOV 1185. 952. .8 98. 1058. 133. 821.
DEC 1234, 9717. .6 104. 1101. 135. 835.
YEAR TOTAL 13819. 10889. 13.9 1121 12334. 1554. 8357.
Table 8.4.j
Monthly oil and gas production from Tommeliten
1991 Unstabilized Gas Stabilized oil NGL Gas
oil prod prod Teesside Teesside Emden
1000 Sm? Mill Sm® 1000 Sm? 1000 Sm3 Mill Sm?
JAN 73. 119. 57. 14. 110.
FEB 60. 103. 46. 12. 95.
MAR 71. 124. 55. 15. 115.
APR 52. 95. 40. 11. 88.
MAY 54. 96. 42. 11. 88.
JUN 54. 93. 42. 11. 86.
JUL 36. 63. 28. 7. 59.
AUG 2. 4. 2. 0. 3.
SEP 31. 56. 23. 7. 52.
OCT 62 115: 47 13- 107-
NOV 53. 100. 40. 11. 93.
DEC 58. 112. 44, 12. 104.
YEAR TOTAL 606. 1080. 466. 124. 1001.
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Table 8.4.k
Monthly oil and gas production from Oseberg
1991 Unstabilized Gas Gas Gas Stabilized oil
oil prod prod flared fuel Sture
1000 Sm’ Mill Sm? Mill. Sm® Mill. Sm? 1000 Sm?
JAN 1611. 223. 6. 10. - 1609.
FEB 1398. 205. 4. 11. 1396.
MAR 1632. 228. 3. 11. 1632.
APR 1550. 209. 3. 9. 1550.
MAY 1637. 220. 4. 8. 1633.
JUN 1569. 211. 5. 10. 1566.
JUL 1586. 222, 1. 11. 1584.
AUG 1662. 235. 3. 9. 1656.
SEP 1916. 269. 20. 12. 1907.
OCT 2058. 297. 9. 11. 2051.
NOV 2048. 586. 3. 14. 2041.
DEC 2219. 325. 2. 17. 2209.
YEAR TOTAL 20886. 2930. 63. 133. 20834,
Table 8.4.1
Monthly oil and gas production from Veslefrikk
1991 Unstabilized Gas Gas Gas Stabilized oil NGL/cond
oil prod prod flared fuel Sture Karstg
1000 Sm? Mill Sm? Mill Sm3 Mill Sm? 1000 Sm? 1000 Sm?
JAN 313. 40. 4. 2. 313. 13.
FEB 290. 36. 1. 4. 293. 18.
MAR 310. 39, 3. 3. 312. 19.
APR 287. 36. 3. 3. 290. 18.
MAY 301. 38. 2. 3. 305. 19.
JUN 296. 37. 1. 3. 298. 19.
JUL 283. 36. 4. 3. 285. 17.
AUG 74. 9. 2. 1. 75. 3.
SEP 321. 40. 2. 3. 324. 20.
OCT 336. 43, 3. 4. 339. 23.
NOV 323. 42. 3. 3. 325. 20.
DEC 327. 42. 4, 3. 329. 30.
YEAR TO- 3461. 438. 32. 35. 3488. 219.
TAL
Table 8.4.m
Monthly oil and gas production from Gyda
1991 Unstabilized Gas Gas Gas  Stabilized oil Gas NGL
oil prod prod flared fuel Teesside Emden Teesside
1000 Sm? Mill Sm? Mill Sm? Mill Sm? 1000 Sm? Mill Sm? 1000 Sm®
JAN 367. 56. 3.9 2. 341. 45. 40.
FEB 289. 44. 5.5 2. 268. 34, 31.
MAR 289. 45. 2.0 3. 269. 37. 33.
APR 300. 47, 4 3. 279. 39. 35.
MAY 307. 48. 6 3. 286. 40. 36.
JUN 251. 39. 3 2. 235. 32. 28.
JUL 220. 32. 5 2. 206. 26. 23.
AUG 123. 19. 2.4 1. 116. 13. 10.
SEP 276. 42, .6 3. 258. 3. 32.
OCT 287 43 2 3 268 36 31
NOV 316. 45. 4 3. 296. 38. 34,
DEC 330. 48. 4 3. 308. 41. 35.
YEAR TOTAL 3355. 508. 17.2 30. 3130. 416. 368.
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Table 8.4.n
Monthiy oil and gas test production on Troll Vest
1991 Stabilized Gas Gas Gas
oil prod prod flared fuel
1000 Sm? Mill Sm? Mill Sm? Mill Sm?
JAN 26. 2. 2.1 0.0
FEB 26. 2. 1.4 0.2
MAR 26. 2. 1.4 0.6
APR 25. 14. 12.1 1.4
MAY 25. 1. 0.8 0.0
JUN . . . .
JUL
AUG
SEP
OCT
NOV
DEC . . . .
YEAR TOTAL 128. 20. 17.8 2.2
Table 8.4.0
Monthly oil and gas production from Hod
1991 Unstabilized Gas Gas Gas  Stabilized oil Gas NGL
oil prod prod flared fuel Teesside Emden Teesside
1000 Sm? Mill Sm? Mill Sm? Mill Sm? 1000 Sm? Mill Sm? 1000 Sm?®
JAN 115. 15. 0.1 1. 110. 15. 6.
FEB 128. 15. 0.1 1. 121. 15. 8.
MAR 133. 16. 0.2 2. 126. 17. 8.
APR 131. 15. 0.1 1. 124, 16. 8.
MAY 130. 14. 0.1 1. 123. 15. 8.
JUN 135. 18. 0.1 1. 130. 18. 8.
JUL - 143, 19. 0.2 1. 137. 19. 8.
AUG 67. 8. 0.4 1. 64. 8. 3.
SEP 156. 20. 0.2 1. 149. 20. 8.
OoCT 166. 20. 0.1 2. 159. 21. 8.
NOV 157. 20. 0.6 2. 151. 21. 8.
DEC 136. 16. 0.5 1. 131. 16. 7.
YEAR TOTAL 1597. 196. 2.7 17. 1526. 202. 88.
Table 8.4.p
Monthly oil and gas test production on Mime
1991 Unstabilized Gas Stabilized oil Gas NGL
oil prod prod Teesside Emden Teesside
1000 Sm?® Mill Sm? 1000 Sm? Mill Sm? 1000 Sm?
JAN 17. 4. 16. 4. 1.
FEB 15. 3. 15. 3. 1.
MAR 17. 4. 16. 4. 1.
APR 16. 3. 15. 3. 1.
MAY 16. 3. 15. 3. 1.
JUN 15. 3. 14. 3. 1.
JUL 14. 3. 14. 3. 1.
AUG 5. 1. 5. 1. 0.
SEP 15. 3. 14. 3. 1.
OCT - 3: 14 3 1
NOV 13. 3. 12. 3. 1.
DEC 13. 3. 12. 3. 1.
YEAR TOTAL 170. 36. 162. 36. 11.
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Table 8.4.q
Monthiy oil and gas test production on Balder

1991 Stabilized Gas Gas Gas
oil prod prod flared fuel
1000 Sm?® Miil Sm? Mill Sm® Mill Sm?3
JAN . ‘
FEB .
MAR .
APR . .
MAY 19. 1.0 0.5 0.5
JUN 27. 1.4 0.7 0.7
JUL 32. 1.6 0.7 0.9
AUG 21. 1.0 0.8 0.2
SEP 29. 1.4 0.7 0.7
oCT . .
NOV
DEC .
YEAR TOTAL 128. 6.4 3.4 3.0
Table 8.4.r
Monthly oil and gas production frem Gamma Nord
1991 Unstabilized Gas Gas Gas Stabilized oil
oil prod prod flared fuel Sture
1000 Sm? Mill Sm? Mill. Sm? Mill. Sm? 1000 Sm?
JAN .
FEB .
MAR .
APR .
MAY .
JUN .
JUL .
AUG .
SEP . . . .
OoCT 25. 2.9 0.1 0.01 25.
NOV 41. 5.0 0.2 0.25 40.
DEC 44, 8.8 0.1 0.02 42.
YEAR TOTAL 110. 16.7 0.4 0.28 107.
Table 8.4.s
Monthly oil and gas preduction from TOGI
1991 Gas Condensate Gas Gas Stabilized oil
prod prod flared fuel Sture
Mill. Sm? 1000 Sm? Mill. Sm? Mill. Sm? 1000 Sm?
JAN 29. 1. 0.1 0.0 0.
FEB 136. 3. 0.2 0.8 0.
MAR 213. 5. 0.1 3.0 0.
APR 267. 5. 0.1 35 0.
MAY 274. 6. 0.0 4.0 0.
JUN 294. 6. 0.0 4.2 0.
JUL 172. 4. 0.8 2.4 0.
AUG 155. 3. 0.5 2.1 3.
SEP 254. 5. 1.5 37 4.
OCT 130: 3: 01 15 2-
NOV 357. 6. 0.0 4.7 6.
DEC 365. 7. 0.0 4.7 6.
YEAR TOTAL 2646. 53. 34 34.6 21.
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8.5 NPD PUBLICATIONS IN 1991

Acts, regulations and guidelines

— Acts, Regulations and Provisions for the Petro-
leum Activity 1991. A compendium of the laws etc
applying to the offshore industry issued each year
and up to date on 1 January 1991 (Norw and Engl)

— Working Environment Act of 4 February 1977, as
last amended 21 December 1990

— Regulations for Collection of Fees for Regulatory
Supervision of the Petroleum Activities

— Regulations for a Fishery Expert to be Carried by
Seismic Exploration Vessels on the Norwegian
Continental Shelf

— Regulations for Electrical Installations in the Pe-
troleum Activities

— Regulations for Fiscal Metering of Oil and Gas in
the Petroleum Activities

— Regulations for Evaluation of Breathing Appara-
tus for use in Manned Subsea Operations in the
Petroleum Activities

Studies and reports

— Vurderinger av kriterier for bruk av oljebasert
boreslam
Evaluation of Criteria for Use of Oil-Based Drill-
ing Mud (Norw)

Other publications

— NPD Contribution no. 28
En biostratigrafisk analyse av sedimenter over og
under basal pleistocen, regionale vinkeldiskordans
i nordpstlige deler av Nordsjgen
A biostratigraphic analysis of sediments above and
below the Basal Pleistocene, regional angle discor-
dance in north-eastern parts of the North Sea
(Norw)

— NPD Contribution no. 29
En biostratigrafisk analyse av terticere sedimenter
pé kontinentalmarginen av Midt-Norge, med ho-
vedvekt pd gvre pliocen vifteavsetninger
A biostratigraphic analysis of Tertiary sediments
on the continental margin of Mid-Norway, con-
centrating on Upper Pliocene fan sediments
(Norw)

— NPD Contribution no. 30
Behov for geologer og geofysikere i Norge
Demand for geologists and geophysicists in Nor-
way (Norw)

— NPD Contribution no. 31
Oljedirektoratets ressursklassifikasjonssystem
NPD’s resource classification system (Norw)

- Oljedirektoratets drsberetning 1990 (Norw)

— NPD Annual Report 1990 (Engl)

— Licences, Areas, Area Coordinates, Exploration
Wells (Engl)

— Borehole List (Engl)

— Opprydding av havbunnen i Nordsjpen 1990
North Sea seabed clearance 1990 (Norw)

— The Role of Petroleum in Sustainable Develop-
ment, Petrad publication no. 1 (Engl)

~ Management of Petroleum Operations, Petrad
publication no. 2, vol I and II (Engl)

— Petroleum Policy and Management, Petrad publi-
cation no. 3, vol I and II (Engl)

— Petroleum Management and Administration,
Petrad publication no. 4 (Engl)

-~ SPOR Monograph: Recent Advances in Improved
Oil Recovery (Engl)

~ Methods for North Sea Sandstone Reservoirs
(Engl)

— Kart over den norske kontinentalsokkel
Map of the Norwegian continental shelf (Norw).
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