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of Directors' Report to form Part I; Part II describes the

FOREWORD

The Board of Directors hereby submits the Petroleum

Directorate's Annual Report for 1977.

It has been considered expedient this year also for the Board

A

undertaking in general, and as in previous years Part III contains

general specialist articles within the Directorate's subject area.

- Part IV consists of statistics and surveys.

Stavanger, 2 February 1978.
The Board of Directors of the Petroleum Directorate

(signed) Martin Buvik

.. (signed) Andreas Lénning o (signed) Erik Setsaas

. (signed) Gunnar Berge (signed) Aksel Olsen

 (signed) Fredrik Hagemann (signed) Bjérn Bratbak
-PART I

R AR

The Board of Directors' Report

. The uncontrolled blow—out on the Bravo platform in the Ekofisk
field is the one event in the reporting year that brought most strongly
into focus the safety conditions on the Continental Shelf and

consequently the Petroleum Directorate. The Board of Directors has

‘carefully examined the available material concerning the cause of

the blow—out and the measures taken during the operations to check it.
It will be seen from this that some routines and procedures must be
changed, and steps have been taken to implement such changes. During
the operation, many employees of the Directorate were subjected to

a very great work pressuré. Individual employees may have also
suffered severely from the criticism that arose in connexion with the
blow—out. The Board of'Diregtors wishes to emphasize that, in its

view, the employees deserve to be praised for the work carried out,

"often under difficult circumstances.

k.3
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The Board of Directors' decision in November 1976 not to approve
the proposal submitted for an integrated Stacfjord "B" platform led
to extensive re~thinking among licensees. A new draft proposal was
submitted at end November/beginning December 1977, following the
preparation of detailed reports. On 19 December 1977, the Directorate
was able in principle to approve the new draft proposal.  In a period
during which the section of industry engaged 1n the construction of
such platforms is in difficulties, one year's nelaj is part;cularly
regrettable, but the explanatory work and the new technical
solutions that have arisen during this period will be of great
importanéé, in the opinion of the Board of Directors, in increasing
safety levels on Statfjord "B" and on other platforms yet to be L

constructed.

During the Report pericd plans have been submitted for expansion
of the Valhall-Hod field. The Petroleum Directorate has approved in
principle a proposal that assumes that a separate accommodation

platform will be built. For efficient progress, it 1is 1mportant that

" the main guidelines'for this expansion should be drawn up and approved

by the authorities at an early stage. The Poard of Directors intends

that this case should form a model for the future, in line with the .

intentions of the safety regulatLons of 9 Tuly 1976.

During the Report period the new Act on Worklng Environments also
became applicable to the Continental Shelf. The Petroleum Directorate’
has been made responsible for implementation of the Act relating to
fixed installations. Whereas on land there is a national tradition to
build upon, with a known pattern of work between employeas, employers
and authorities, the situation is somewhat different on the Continental
Shelf. The great number of foreign companies and foreign workers,
some with short-term aSsignments, makes it pthicularly difficult to;
achieve a uniform pattern and to implement satisfactory control. Iﬁ
the opinion of the Board of Directors, however, here is no doubt that
considerable progress has been made during the Report pariod, and that
understanding of the intentions of the Act and the will to carry it into

effect have greatly increasad.

S
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It is usuaily possible to extract only a very small part of the
0il and gas present in a reservoir. Much depends upon the way in which
production is-grgéniééaﬁ\the pace selected for extraction, etc. The

proportion extracted can in many cases be increased by various

'methods, including the injection of gas or water. We are confronted

here with difficult financial considerations in which the interests

of the licensees and of the authorities will not always coincide. As
guardian of the State's interests, the Petroleum Directorate has an
important and complicated task in this sphere. With several fields

in operation, the Board anticipates that specific matters relating to
the proper utilization of petroleum resources will increasingly require

the Directorate's attention.

During last year 11,200 km of reflection seismology was carried
out under the Directorate's management North of 62°N. The intention
of tﬁe surveys was, apart frqp completing earlier surveys, to chart
tﬁe geological conditions at transitions between the continents and

o

the deep sea.

In the areas North of 62°N, where conventional reflection-seismic
gathering has given poor results, investigations with a long energy
source, which the Petroleum Directorate introduced on the Norwegian-

Shelf in 1976, has markedly improved the data.

" A new method has been developed within the Directorate for use in
seismic data processing. The method has improved results in difficult

areas.

In the Barents Sea, geological and geo—seismic investigations have
provided useful additional information for assessing the possibility of

hydro—-carbons in these areas.

During the Report period a grouﬁ appointed by the Ministry‘ofﬂd
Industry submitted a report on the need for safety and preparedness
research on the Continent§1 Shelf. The work resulted in the Stbrting
allocating 20 million krongr for the purpose. The Petroleum
Directorate has been made responsible for the use of 8 millibﬁ kr. of
this amount. The Board expresses its satisfaction that it has been
possible by this means to carry out a number of projects that will
undoubtedly contribute to safety and preparedness. on the Continental

Shelf. - , . /
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Part II, ACTIVITIES DURING THE REPORT PERIOD

1. Functions of the Directorate, Board of Directors and Administration

1.1. Petroleum Directorate Directives

' The object and function of the Petroleum Directorate were set out
in a brief originally issued by the Ministry of Industry on 30 March

1973 and adopted by delegation.

As a result of the authority for filling individual posts being
transferred in 1976 from the Board to a newly established Employment
Board, the directives were replaced by new directives from the

Ministry of Industry on 17 June 1976.

Sec. 1 - Object

The Petroleum Directorate has its seat at Stavanger, and is
administratively under the Royal Ministry of Industry. It has
authority to decide in matters concerning exploration for and
utilization of petroleum deposits on the sea bed or its subwsoillin‘
domestic Norwegian waters, Norwegian sea territory and that part of
the Continental Shelf under Norwegian sovereignty, in so far as
matters are not to be decided by the Crown, the Ministry of Industry
or other public authority. Furthermore, the Petroleum Directorate is
to enforce safety regﬁlations etc. in the exploitation of and drilling
for petroleum deposits and the like in the areas set out in the
Svalbard Treaty of 17 July 1925, Sec. 1, and in the territorial waters

of these areas.

Sec. 2 = Function

The function of the Petroleum Directorate, within its sphere of
authority, is | v A ‘ '

a. to exercise administrative and finaneial control of exploration for
and production of petroleum in accordance with the applicable .-
legislation regulations, resolutions, concessionary conditions,
agreements etc. .

(see Sec. 1); ' g

b. to ensure that the applicable safety regulations are cbserved;
c. to ensure that exploration for and exploitation of petroleum deposits

‘are not unnecessarily injurious or cause damage to other activities;

"ﬂ/"‘
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d. to ensure that exploration for and exploitation of petroleum
deposits are at all times in accordance with the directives
established by the Ministry of Industry;

e. to callect and process geological, geo-physical and technical
material on natural underwater deposits, including assessment
thereof and the potential this provides to assist in the planning
of Government oil policy and in its negotiations, and to plan and
undertake petroleum—geological and geophysical . surveys;

f. to maintain continuous supervision of exploration for and
exploitation of petroleum deposits; '

g. to grant exploration permits and, upon request, to assist the
Ministry in processing applications for other permits, drafting of

" regulations, etc.; |

h. to keep in contact with scientific institutions, and to ensure that
material is made available to interested companies, scientific
institutions, etc. in so far as this is possible under the rules
relating to the confidential treatment of material submitted by
licensees, and in general in accordance with the Ministry's
regulations;

i. to keep the Ministry of Industry contipuously informed of the
activities set out in Sec. 1, and to submit those cases mot falling
under Sec. 2, a - h, with which the Directorate may be concerned

to the Ministry; .

j. to»prepare and submit for decision by the Ministry of Industry
matters of importance to flora and fauna, or which otherwise affect
important natural conservation interests in the areas referred to

in Sec. 1, last sentence;

‘ kﬂ,to submit to the Ministry of Industry regulations and individual
resolutions relating to the proper exploitation of petroleum deposits
" (conservation);
1. to act as advisory body to the Ministry of Industry in matters
 relating to exploration for and utilization of natural underwater

deposits.

® r 3 .
Even if a matter fallﬁaunder the Directorate's sphere of authority

under Sec. 2, a~h, it must be submitted to the Ministry if it 1is of

special importance or is a matter of primciple.

N
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1.2, BOARD OF DIRECTORS AND ADMINISTRATION

1.2.1. Board of Directors

During the Report period the Board of Directors consisted of:
- Mr Gunnar Hellesen, Haugesund
- Mr Andreas L¢nning, Oslo
- Ms Kirsten Myklevoll, Skanland
- Mr Aksel Olsen, Hammerfest
- Mr Erik Setsaas, Stavanger

(elected by and from among the employees).

Deputies:
-~ Mr Gunnar Berge, Stavanger
- Mr Hans Chr. Rénnevik, Stavanger

(personal deputy for employees' representative on the Board) .

7 In Autumn 1977 Mr Gunnar Hellesen asked to be relieved
“of ‘his offlce as Chairman of the Board, and at a Cablnet Meetlng on
23.12.77 Mr Martin Buvik, Tromsé, was appointed a -

member and Chairman of the Board.

During the Report period the'Bqard held 12 meetings. The Board

has carried out an inspection of the Statfjord field.

1.2.2. Staff

In its budget proposals for 1977 the Board of Directors asked for
47 tiew posts. A Final Resolution of the  Storting in
Autumn 1976 decided that 31 new posts should be established, of which
one was permitted to be filled in 1976. -

In connection with the Petroleum Directorate's being assigned
authority over parts of the new Working Environment Act on the
Continental Shelf, thefMinistry of Finance agreed that two positions for
engineers and one fer a consultant should be advertised for employment
in 1977. .
c e

-.../...v
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At the end of the Report period the Petroleum Directorate had 176
employees, including employees engaged for a fixed term of years,

permanent staff and staff under contract. There are in addition three

"salaried staff who have not as yet taken up their employment. 25

vacancies are under discussion, and two posts have not yet been

advertised.

During the Report period 16 personé left the Directorate's
employment. As can be seen from Table 1, most of these have transferred

to posts in other oil activities. - . B

There was also great difficulty in finding applicants with
sufficient experience in 1977. This is particularly true of the more

senior positions in the Control Department.

1.2.3. Organization

From 1.1.78 the Control Department of the Petroleum Directorate will
have two new sections. It has been found expedient to separate the
measuring technology function in the Production Section to form a

Measuring Technology Section.

A separate section for Diving Control will be established as a
result of the transfer of responsiblity for the public control of
diving operations from the State Works Inspectorate to the Petroleum

Directorate during the first quarter of 1978,

As pointed out in the previous Annual Report,it was realized in

1976 that a thorough analysis of the Directorate's organization was

desirable. On 1.11.77 the Director appointed an internal committee

consisting of one official from each of the Directorate's four
departments, including representatives of the salaried staff
organizations, to repoit on any need for changes in the organization.
The committee submitted its report om 1.12.77.

1.2.4. . TRAINING :

e v
Training activities have also been extensive during the Report

period. Offers have been taken up from consultants, universities,
colleges and oil companies. The total number of course—days in 1977

was 1,384, of which 744 were abroad and 640 in Norway.

R
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In 1977 the Directorate organized six internal courses with the
assistance of the oil companies. All these courses were held at
Stavanger. Further internal training will enable more officials to
participate, while at the same time reducing the cost per participant.
1.2.5. INFORMATION '

During the Report period there has been a large inflow of
information from Norwegian and foreign public institutions, the mass
media, companies and individuals. The Directorate's Management and
other employees who have taken part in information activities see this
as an important task. In 1977 the Directorate established its own |
post of Information Consultant. His duty is to organize |
the many visits at which information is given on the oil industry. The
Information Consultant will also provide a service to the press andkthe

radio.

During the year 33 press releases have been issued, including

monthly reports on activities on the Shelf.

In November an information day was arranged in which some 20 -
representatives of the mass media participated. It is intended to

follow this up with similar events in future.
1,2.6. PREMISES

During 1977 the Directorate took over the remainder of the premises

at Lag8rdsveien 80, which had been sub-let to STATOIL.

On the basis of the large number of posts to be filled in 1978, it

is expected that the space situation will continue to be difficult.

To solve the short—term space problem, particularly in view of
staff expansion.in the Control Department, the Directorate has rented
further accommodation. This is expected to be ready for occupation _
at the turn of 1978/79.

” Problems of both an administrative and a techmical nature are
created by having the individual departments of. the Directorate iﬁ :
different locations. The Directorate has therefore asked the Ministry
of Industry to be allowed to undertake the plénning cf a building of
its own in which it will be possible to assemble the entire

Directorate.

“x el oo
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1.2.7. BUDGET

In the National Budget for 1977, kr. 75,160,000 was allocated for
the Directorate's operations. Of this 49,000,000 kr. was allocated

to cover costs in connection with safety control. Holders of rights

refund control costs.

Kr. 26,000,000 was allocated for the Directorate's geophysical

and geological surveys etc. on the Continental Shelf.

1.2.8. JOINT INDUSTRIAL COUNCIL
The Joint Industrial Council of the Petroleum Directorate held

seven meetings in 1977. o

. Following local negotiations between management and salaried staff
organizations, agreement was reached that the Joint Industrial Council's
representatives should also form a Work Environment Committee of the
Directorate, but that they should hold separate meetings with their own

agenda. .

3

" During.the Report period the Joint Industrial Council had the

following composition:

Members appointed by the Management

i

Mr Fredrik Hagemann
Mr Farouk Al-Kasim

Mr Dag Meier-Hansen

Mr Bjdérn Bratbak

Deputies: : - o

- Mr Nils Vogt

- Mr Egil Bergsager L e

-~ Mr Magne Ognédal

~ Mr Nic B. Askvik.

Members appointed by the organizations:

- Mr Bjdrn Frédyland (AF) v ' -
Mr Erik Talleraas (AF) |

- Mr Hans Chr. Rémnevik (NOPEF)

Mr Thomas Houge-Thiis (STATO)

!

N SN
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Deputies:

Mr Hallvard Tunheim (AF)

Mr Arne B. Wermundsen (NOPEF)
Ms Torunn Fraser (NOPEF)

Ms Brit Borvik (STAFO)
Committee's permanent secretary:

- Mr Kare Asbjérn Tjdnneland.

1.2.9. THE NORTH NORWAY OFFICE

The post of local representative for the Petroleum Directorate in
North Norway was filled on 1 September 1977. The first year will be
spent in training the person concerned in the Directorate's various
departments at the main office in Stavanger. It is at present
anticipated that the branch office in North Norway will be in operation

by 1 January 1979.

The branch office in North Norway will have a modeét start, with an
executive and a clerk. Its further build-up will depend upon future

activities initiated on the Shelf in the North.

TABLE I.

Staff leaving the Petroleum Directorate in 1977, giving new employment.

0il  Other Other  Further  Miscell-  Total
Department Industry private public training  aneous
business (municipal)
undertaking
Control Dept. - 3 1 1
Planning Dept. 2 1
iegal—Financial
Dept. .
. Admin. Dept. 4 1 1 2 - 8
Total 9 2 2 1 2 16
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. 3.1e Bedlaction=selmiio profiles

In 1"’,9 21,000 profile kilematres of refleetion seismology were.
shat in the Horwegiun seztien ef the North Sea asouth of 62°N. Seme 6,500 km
of this was shed by o gus~physicnl gcontracting cowpany with a view to ressle
t9 il wvowpenlsss gowsniled Bgpee gurvey®. The remainder was shot on the
evdsrs of warilcus sil companies. Sines 1952, a total of 213,000 preofile

kilowatres has been shetd.

Fig, 74 shows that; ss coencerus selswmic smerveys, activities in 1977 were
of the eawe order aa éﬂring the four previsus years. The substanitially
preater schivity iao 1971 and 1972 prebably resulis from preparations pieeeéing
the third licsneing rowud in 1973, The fact that there has beem no &
eovrespsnding helt 4o sebtivity before the eoming fourth licensing round is
predebly bassuse the Werweglan zecition of the Nowth Sea south of 62°N has
gradoaily becn seversd by a seiisfactorily denze network of seismie lines.

2s4+2s Reconnaissance licences

A total ef 6§-rcconnai33ance licences have been issued. - The fellewing

“licences were granted im 1977:

Licence Ho.ﬁﬁz Amoce Norway Cil Cempaxny

T L 1 PR .
 Suopplament tu

Licence No.H6IL o Pen nersks stats eljsselskap A/S

Licence No.§63 Zsse Exploration aﬁd Froduetion Hervay Ine.
Liéeﬁée No.ﬁ§& © Hovske Hudbey 4/S

Licence No.065 ?sﬁ&e@ North Sea Norwsy A/S.

2a2s Dpdliling

2a242s ?xk3@ stion sed delineation drilling

£

At he end of 1976, three exploration wells were being drilled. Of these,
e havs heen eompletoed, and the third, Staieil 1/9-1, has been temperarily
plugged snd Laft, Twme desting'remsine fer this well, and this is ex?eeted
ts be carmelad auﬁ dn 197 % ’

?"1???? 1Y mew saplorstory wells gnd 9 delineation wells wore commenced.
R 0 the u»Jinem tlon walls e 7/@&«5 and ﬁfl}mﬁ - Were &@fleetien»drllled

were given the Jdesigrations 7/12-%A and 2/11-3A.

Ef.'b
B
&

CYwe ol the wells begmwa in 1977 = 1/9m snd %0/7=6 - have been temporarily
abandens®, Yol are eipscied to be @emplet@& in 19?Ba

Ry

s e
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A% the end ef 1977, two of the esploratory wellse 15/5-1 and 2/1-2 -
and two of the delineation wellse 1/9<k and 2/11=%4 - were still being drilled.

Beilling sctivities in 1977 ave shown inm Fig., 2B, They are in accordance
with the ferecast presented by the Petroleum Directorate inm its 1976 Anrual
Repert. '

Zhe Petroleum Directorate expects a certain increase in activity in 1978,
parisicularly beeause ¢f the coming block allogation. Some 2%5 wells is
consideved a reasonable estimste, ‘ '

Fig. 2C shows the wells in 1977 in relation to the main atrmeﬁux:al
features.

Interest in Jurassie sandgtone reservoirs has dominated search activities
in 1977. This was the main object of as wany as 1% of the wells commeneed.
Thees 14k vells. apre geographically distributed over large parts ef the
H@Wegim Continentsal Shelf south of 62°N. Five of these were deliveation
wells = 33/9=9 on Statfjord, 15/9-1 and 15/6~5 en Sleipner, snd 7/12-3 and
7/12<4 en the se-called 7/12 field which BP discovered when drilling 7/12-2
in 1976,

33/9-9 was drilled in ihe Northern part of Steifjord mear the %op of
the sizucture. The bere was initended te test the thickness of the Brent and
Stetfjord formatione in this slruetural pesition, and to test the Staifjord
formation's reserves in the northern part of the field. Both ef these
fermations tested eil, but the thickneas of the Bremt formation was somewhad
less than expeeted. However, the wellec showed sand development in the normally
slate-rich and silt-containing Dumlin formetion that Iiea between the .Bzent
and Statjord formations (see Fig. 2L). The Dunlin sandstone showed geod
resexveir properties and tested oll, This is e new discovery, but provisionally
thielmnesses are relatively medest. '

Ststoil's 15/9-1 confirmed that Sleipner extends into Block 15/9. Esso's
15/6=5 whish was o test the castern part of the structure resulted in o
reduetion ¢f the {leld's sssumed extension ecastwards.

7/12~3 was drilled on the flauwk of the 7/12 structure gsouth-vest of
7/12-2, During teating, the bore initially produced merely vater, and
deflestion drilling was started towards a point higher up on the structure,

This test alse regulted merely m water in thig ‘position, whereas the logs

indicatsd oil. 7/12~k teated "&;he south-eastern part of the 7/12 siructure and

: @smhliahaﬁ oil,

In addition to the delineation wells referred to, & number of éxploxa%ry
wells slge showed prespeets, with the Jurassic formation ss the main target.

El? Aguitaine have completed 15/}»»2, w¥hich was temperarily sbandoned in

1975 %o swadit eaninmand 2e-z. s -



3

. eenditions,

-19 -
lever part of the well.- Only ingignificant traces of hydroearbons were found.

Teehnically, however, the drilling was Batisfactory in spite of the high
piessnreao

At well 25/2-6, Elf Aquitaine bave also tested in a Jurassic structure in
Bleck 25/2. The eompary have establighed hydrocarbons in Jurassie sandstone
in en earlier drilling o¢f 25/2-5 on another structure in this bleck. 25/2-6
establighed o0il in a Jurassiec sandsione stratum, but in very modest quantities.
There are large local variations in pressure eonditions in this bloek,
depending upon the location in relation to the Vestland ridge. 25/2-6 ig
situated on the ridge and displayed completely mormal pressures, whereas
25/2~5, which is situated in the Viking Treneh, had abnormally high pressures.
In the Tronch area, pressure begins gradually to inerease,in relation to the
normal, somevhere in the lower chalk, )

Norsk Hydro wished to test Jurassie sandstones in & strueture in Bloek
30/7. Techrical problems led to sbandonment of the two first trials, 40/7=%

- and 30/7-5, at a shallow depth.. During the third trial - 30/7-6 - wexpeetedly

bigh pressures were reeorded in strate of the Jurassic period before the
primary prospect had bheen reached. The well was however abandoned, and will

_ probably be deepened in 1978 using equipment designed for high pressures.

On the bagis of new seiemology, Saga drilled a fourth well in Block
9/% on a pessible dislocation-delineated Juressic strusture. This was a
relatively shallow prespect in the Danish Norwegian basin, but the well was
dry. |

. & Jurassic structure drilled by Union 0il im Block 8/% alse proved to be
dry. .

At the end of 1977, two other wells- {(2/1-2 and 15/5=1), primarily to test
Jurassic reservoir reck types, are being drilled. BP's 2/1-2 iz located about
20 km gouth-cust of the 7/12 field, in a eerresponding pesitien in relatiem to
the Veatland ridge extensien southwards. Norsk Hydre's 15/5~-1 is lecated
north~west of Sleipner. Norsk Bydro is employing for this drilling a new
type of rig with more autemation than ¢thep rigs. The c¢hances o7f encountering
abnormally high pressures in this ares are considered high, and the rig haes
therefore been provided with 15,000 pai BOP equxpment to overeome these

'y

The other main types of reservoir on which interest was concentrated in
1977 is the Elrefmk type, i.e. limestone deposits of the older Tertiary
and epper Cretacecus Perisds.

Steteil hes establisbed oil ir twe different structures in Bleck 1/9,
ong to the south and ome to the norih of the bleck, The ssuthern styucture
is veferred to as 1/0-Alfa, and was tested by well 1/9=1 at the end of 1976.
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TABLE II - EXPLORATORY WELLS (U) AND APPRAISAL WELLS

(A) IN 1977

e v} >
@ &0 o 80 o 12 - #
. (=B ] = odd @] it
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o - -1 g ~ i n ]
3 o' 'E; — vl : S -ar_-: % %D‘ ‘J&‘ : g.,
. . . O [ Q. i
] = = = a v (=3 < =" '3":‘ ﬁ"
67 1791 56724 5.56° 7537 6.50 731076 T662.77 Tiatoil Hots Hig Y]
168 15/3-2 58759 0.50" 1°47°12.507 29.10.76 2001.77 Eit Poiyglemar Driller u
168 15/3-2 5859 0.507 1471260 26.07.77 221177 £l Pantagon 84 U
169 33/9-8 61°26°17.40" 1755 490" 11,1176 -18.02.77 Mobit Dezp Sea Saga 7]
170 30/7-4 €0°2928.56™ 2°03'21.47" 2501.77 05.02.77 N. Hydro Plyjiomar Criller U
m 15/9-1 58°28'19.00" 15451176 24.01.77 30.08.77 Statoil Ross Rig A
172 30/7-8 60-29 3019 2°03'2740" 05.02.77 ° 14.02.97 N. Hydro Polyglomar Driller u
173 30/7-6 60°292972" . 2°0324.32" 14.02.77 K.07.77 H. Hydro Polygiomar Driligr u
174 77123 57°06124.54" 2°38°41.56" 05.04.77 03.06.77 BP -- Norskatd A
175 1/9-2 56°23'52.77 2°5534.63" 01.06.77 12.08.77 Statoil Ross Rig A
176 24/9-2 59°16°12 43 17551228 13.06.77 220777 Conocn Borgny Dolphin u
177 87441 57°44 50.24" 3°00° 386 21.06.77 25.07.77 Union Norjad u
178 9/4-4 57742 1.48" 4°13'20.79" 19.07.77 20.08.77 Saga Drep Sez Saga U
179 33/9-9 61°17710.18" 1°54°24.05" 27.07.77 17.31.77 Mobit Burgny Oolphin -9 A
180 25/2-6 59°45.33.55" 2733 588" 020877 141177 EN Poiyglomar Drilter 1]
181 193 £6724'56.20" 2°58"15.45" 13.08.77 274177 Statoil Dyvi Gamsma u
182 1/9-4 56°29'13.76" 256" 029" 13.08.77 Stateit Ross Rigg U
183 77424 57+05°33.13" 2°5137.02 11.09.77 12.12.77 B8P Norskald A
184 2/11-3 56“10°53.74" 3‘arsire; 10.10.77 051277 Amoco Dyvi Qets A
185 15/6-5 58°3029.84" 1°45'50.72" 10.10.77 29.11.77 Esso Dritimaster &
186 15/5-1 58°35° 4.39" 1°39° 835" 261177 Hydro Treasure Seeker u
187 2112 56_5730.24" T 312133797 141277 BP Norskalo v
191 712-3A | S7T70524.54" 2 48°41.55" 04.06.77 06.09.77 BP horskatd A
192 217134 | 56105374 3727'51.78" 051277 Amoco Cyvi Beta &
s
_TABLE III - PRODUCTION WELLS COMMENCED IN 1977
-t gr=
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o] — o 3 o - 4 <
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Py 2Z = e m oV o} £ [
P 051 UK 10/1-A-8 §9°52'31.39" 02°03'41.75" 240177 Eit Frigg
P os2 UK 10/1-A-5 - . 30.01.77 £l Frigg
P 053 7/11-A-2 31.01.27 Prillips Cod
P 0S4 2/4-E-10 56°30'26.90" 03719'39.30" 03.02.77 Phillips Tot
P 055 2/4-D-13 €5.0277 Phitlips v-gkofisk
P.055 UK 10/1-A-2 07.02.77 . EH Frigg
P 057 UK 10/1-A-11 23.03.77 - £l Frigg
P 058 2/4-D-11 26.03.77 Phillips v-Exofisk
P 059 7/11-hA-8 30.03.77 Phillips Cod
P 060 2/4-D-12 2204.77 Phillips V-Ekofisk e
P 061 UK 10/1-A-1 - 23.0477 Elf Frigg o
P 062 2/4-E-15 28.04.77 Phitlips Tor 4
P 063 2/4-E-9 01.05.77 Phillips Tor A
P 0g4 7/18-A-1 08.05.77 Pruliips Cod o
P 065 UK 10/1-A-10 29.05.77 et Frigg B
P 066 UK 10/1-A-12 03.06.77 £l Frigg C
P 067 UK 10/1-A-3 07.06.77 EH Frign o
P 068 UK 10/1-A-9 10.06.77 Elt Frigg
P 069 7/11-A-8 04.07.77 Phillips Cod
P 070 2/4-E13 200777 Philtips Tor
Po71 UK 10/3-A-4 07.08.77 £t Frigg
P o072 UK 10/1-A-7 5 12.08.77 En Frigg
P73 2/4-D-7 17.068.77 Phitlips V-Ekofisk
PO74 UK 10/1-A-6 g 18.08.77 13 Frigg
P O75 7/11-A-4 01.09.77 Phillips Cod it
P 076 25/1-A-23 5375310.07" 02 04'20.60” 10.11.77 EH Frigg
Por7 25/1-A-21 151177 Eit Frigg
P o738 25/1-A-22 24.41.77 303 Friga
P 079 2/4-€-16 25.41.77 Phillips Tor
P 080 25/1-A-24 011277 Etf Frigg
P 081 25/1-A-18 ‘ 12.12.77 Eif Frigg
P 082 - 25/1-A-19 17.12.77 Etf Frigg
P 0383 25/1-A17 221277 €1 Frigg
P.084 25/1-A-14 28.12.77 £ Frigg

it
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SCHEMATIC SECTION OF FIELD - THE EKOFISK AREA
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1/6-2 and i./9-3 sre delineation wells érilled in 1977 on this structure.

The northern structure is referred to as 1/0-Gamua, and was drilled im 1977

by well 1/9-k. The strate pack from central to lower Tertiary has abnorually
kigh _pressnres in this section of the North Sea. Durimg the earlier exploratory
phase, this caused & pomber of drilling-technology px"aablemy bet as knewledge
increaéed and safety equipment improved this is no longer a preblem for the
companies. ‘

Amoce has tested the eastern part of Hed. The first well = 2/11-3 - was
too low on the structure and merely tested water. A deflection well frem this
- 2/11-3A ~ towards a point higher on the structure was being drilled at the
end of 1977 for eny showing of oil. The western part of the field had -been
tested earlier with good resulis. '

fhe only well in 1977 in which the prospect types roferred to were not
the main target was Conoce's 24/9=2 in the eeniral part of the Viking Trench.
. New seismic data indicated the possibility bere of a reef structure in'the
lower ’I’ertiai'y. This interpretation proved to be incorrect, and the well was

dry.
Shaliow gas peckets, i.e. miner aceuwwnlations of ges uvnder pressure im

the @pér few hundrsd metres, is a not unvsual phenomenon, but mey r@pmswt
real danger because of the problems of contrelling snd handling this gas at
guch an early stage in drilling. Shallow peckets of gae cen normally be
charted on the basis of ground-seismic surveys. In areas vhere ghallow pocimw
of gas are expected, the normal procedure has been for compeanies to earry outb
ground-geismic surveys in association with the preparation of drilling
prograzmes to aveid drilling into them. As part of the work of securing
optinmum safety during drilling, in 1977 the Peireleum Direectorate gave orders
that in future ground-seismic data must be enclosed with all applications for
drilling licences. '

Overall, the result of 1977 drilling has noti inmecreased reeoverable
reserves on the Centinentel Shelf. Further, the drilling hss not erested a
basis for inereased drilling activity iz blockselready covered by licences.

Teble 1Y gives & survey of exploratory and delimeation wells eompieted
or commenced in 1977. The deflection wells 7/12-34 and 2/11~34 were not at
first given their own licence numbers. For practical reasons, this was laler
ehanged, which explains the appsrent diseontimuity im licence numbers (see
Table).

2.2.2.; Production wells

| In 1977, four new wells wers drilled at V-Ekefisk., Drilling in this field
is now eonsidered to be complete, with a total of tem wells.
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The érilling of the Cod wells was alzo completed im 1977. A tetal of

sight preduetion wells was drilled at Cod, of which two were showa to be dry.

In the Tor field, all 209 line-pipes were laid during 1977, and the
dvilling of three wells was completed. One well was still being drilled at
the end of 1977, and for technical reasons one had to be abandoned at a shallow

,’ depth in 1977. . The plan is to drill a total of 18 production wells, and the
eempletion of 1k wells thus remains. '

Peoduction drilling en Frige inereased in 1977, both by the British and

' the Worwepiamns. The drilling platferm on the British side is referred to as

CIPLl, snd im 1977 it completed the drilling ef 12 wells of a total of 24, AIl
have pecetrated the reservoir on the British side of the boundary. '

$he P2 drilling platform, which is located on the Norwegian side of

_the boundary; v slso commenced to drill productioen wells in 1977. In all,

2% production wells plus one ebservation well are to be drilled. 30" and 20%

line-pipes . have been placed in all of these, and at the end of 1977 13 3/8%

1iue-pipes were placed in 8 of the wells.

‘Table ITT gives a gurvey of the prddnction wells on the Nomegian

- Continsnial Shelf commenced in 1977.

- 2.3, New finds

CIn 1977, finds of hydrecarbons were-mde in one new sitructure = 1/9-% -

- with Statoil as operator. This structure is located im the northern part of |
Bleek 1/9, wnd is referred to by the eperator as 1/9 Germa. This is a salt-
ralsted structure of the same type as elsewhere in the Erofisk area.

Eydzocarbons have been encountered in Crefaceous limestome rock.

2.k, Ehofisk avea

9.kele Brpleitation of depesits

The iefisk area comprises the Ekefisk, V-Ekefisk, Eldfisk, g-Elafisk,

Tov, Albaslkjell, Edde aud Cod fields (Fig. 2D). Phillips Petroleum Company

Norway is the operatoer for expsneion and eperation of the fields. Valhall and
Eed are geographically in the game area, and are also geelogically comparable

with the ether fields, Hawever% these twe will be dealt with separately, as

developmsnt of the field is earried out wmder a sepé.m'ata development plan and by

- a differsnt operater - Amoco Horwsy 0il Cowmpany.

Eﬁpmft from Ced, bhydrecarbons bave bzen established in all fields im a
very fine grained, pure chalk roek {ypo depesited during the late Cretaceous
snd early Tertisry Periods. Fig. ZE shows & generalized profile through &

b amt BVt A dAem dhe TWenfdalr awan
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The chalk rock type is divided inis three forwations. Frem the fop
downwerds they have become referred to az . the Fhatisk, Tor and Hod formations
respectively. In the Ekrofisk area; bydrocarbons have been fouvnd in werkable -
gusntities in all three formstions. ' ‘

Pig. 2F illusirates the formations that comprise the reserveirs in the
individual fields of the Ekofisk area. Valhall and Hod, which will be referred
te separsiely, have also been included in the dicgrom as they ave of the game

geelogical develspment,

Geelogically, Cod, about 70 Im nerih-merthwest of E&af:skg is a didferent
type of field from the others in the Ekofisk avva. The reservoeir rock type in
Cod is limestone; which is younger than the c¢halk mock typs in the other fields,
The sandstone is of Falaeocens (Lower Tertiary) age, and pari of the se~called
Poerties formatien.

The oil resexrvoirs in the Ekhofisk ares coninin hydrecerbon miztures in
an wmsaturated eondition, i.e. at the pressures snd tsmperatwvres present in
the regervoirs all gas is disselved in the oil.

The hydrocarbon mixtures are light aud peer in sulphide, with mixtires
gradually beeoming lighter tovards the northewest of the srex, i.¢., towards the
eentre of the Central Trench. Bdda, Bldfisk, Erofick and Tar'm@y he
characterized as oil fields, V-Ekofisk, Albuskjell and Cod, hovsver, are
condenegate fields. '

The driving mechaniam for produwetion inm the Ekofisk sres fislds varies
with the type of field. In the eil fields, produstiom is dus from the cutsed
to the expansion of the oil and compression of the revk. lLater, when ths
pressure falls belew saturation pressure, gas releasad from the liguid will
expend and go represent the greater part of the driving power. In the
eondengate fields, expansion ef ges is +the driving mechanime fyem the ontoet,

Foreing gas into the reservoir snd allewing it %o expand there will
displace the eil., While the pressure is high, the gas will be miscible with
the oll and displsce it very efficlently. Injection of gaz in {his mznuner
makes it possible to extracit something over ome ton of oil Tor every 1,000
Rh§ ol ges injected, apart from that obtained by noresl exiraction (Praasnre
relief). It is searcely pessible to extract thesze additienal guantities in
aﬂy other way. The 1n3eeti®n that bas already taken place has Inerensed
extracteble reserves by about ¢ millien tong of ail and ig expected to lead
to an inerease in production rates ef about 10% f?m” the eud of 1978 and for
some years thereafter. At the pame time, 9 of the 195 billion \ns of gue
extracted to date iz se located that it esn be vreovered later.
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As pressure graduslly decreases, oil and gas will sppesr in separate
phases with an ever greater dividing layer betwesn them, Suviace tensien
will gradually prevent ges from pemetrating inte the smell poree of most
rock types. Therefore, as pressure drops, gas will break through qn:fmkly inte
the production wells, while at the same time the displacement of oil becomes

 less efficient.

Fkofisk is the only field in the ares where extraction im agsisted = o
where there sre plang for sssisting it - by the injection of pas. Although

" by this injection the licensees' inlentiocn was o ereate siovage faecilitiss

for ges while aweiting sales and dux’ing secagong of low ges consumption, the
venture has in practice preved else to be sueeessivl in ineressing oil
extrastion from the field.

2.,4,2. Production facilities/fixed jnstallations

The development of the Ekofigk area was plamned in the fsilewing phasess
Phase Iz Tests end preliminary production

FPhase IIs Permanent producticn with offshore loading direct inte tankers
©and injection of gas. '
Phase 1113 Expansion of Fkofisk Center, linking up with V-Ikxofick, Cod
and Tor fields and laving of pipelines foxr oil and gas o Teeside
and Emden.

Phase IV: Construction and livkeup of platforms for Bdda, Eldfisk and
Albuskjell fields. ' ' '

Phases I and II of the developmént has been f:ompleﬁed‘.

Phase IIT was almost complete by the end of 15977, and Fhase IV ias well
advanced. '

The location of platforms and instellations in the Ekofisk erea iz shown
in Pig. 2 G. | . |

The last of the main struc't.u_reié. - planned for Brefisk - sccoumadation
platform 2/4H - is the only cue erected in 1977. 1% was set in place on-
10 May. The deck wes positioned end the plaiforn connscted by & bridge to

‘Charlie platform 2/4C in August. Inetallsiion work has been progressing, and

it is expected that the platform will be ready for nse in Awril/May 1978. The
platform will provide accommodation for 212 personnel in devbhle roems.

A new separsior was imstalled in 1977 at ihe Fhofisk processieg terminal
(FTP). This increases preceszing eapacity for the preduveiisn from the A, B

and C platforms.
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VErofigk waz brought inite production om 31 ¥ay 1977, but was stopped
again on § July beczuse the riser pipe ran toe near to the platform structure
because of expansion in the pipeline. Exlensive werk was meceszary en the
riser pipes and the pipelines before the platiorm could be brought into
production again on 30 November. It is pessible that this platform will have
to be taken out of preoduction again for & short peried in 1978 if expansmn
of the pipeline contm%s to cause problems,

Problems with the gas flaring ' gystem, the pipeline snd varicus
production eguipment has delayed the start-up ¢f production frem Cod. Gas
production began on 26 December, and eil preduction began from oue well two
days later,

Production drilling on Ter was begun in 1976. The pipelines vere laid
in Spring 1977. Testing the pipelines proved to take substantially longer
then plenmed. Testing, inspection snd vovering of the ges pipeline (14%)
bas been completed, apart from in the neighbourheed of Ekefisk Conter. Repair
of damage to the oil pipeline (12%") has however been glowed down by bad
weather., At the end of 1977, tests on this pipeline were not complete., The
vessels that are to eover this pipslime are dependent upon good weather to
carry out their werk. The operators plan 4o put the field inito produection
im Hawrch 1973, but it i more than likely thatb delays will arise. Thrse wells
weie eomplets on Tor at the end ef 1977.

'

Installetion work on the twe platforme on Albwikjell = 2/LF and 1/6A -

have gone acecording to plam. Accemmodation guarters and helicopter deek were

put in pesition en 1/6A on 8 July, and epproved by the Petvoleum Directorate
for wse in Seplember. The accommodation wmit on 2/4F was approved for use
in Avgust. This meant that the two platforms whieh have acted as floatels,
"Alexander Kielland' and'Hemrik Ibsen; could be moved to Eldfigk 2/7B and
Edda 2/7C. ‘

The zubstrueture of the gas . flaring imstallations, their decks, and

" bridges from the plstforms vere positioned im October on 2/6F end 1/6A, On

2/uP, the drilling modules have been positiined, and work is in progress on
instelling 30® line-pipes. . The operator expects the first well en 2/4F

te be completed by 1 July 1978, and om 1/6A by 1 Getober 1978. According to
the Fhillips Group's plems, laying and jointing of pipelines mmst be completed
by October 1978, - 8

Progress of the work on the three platforns « 2/74, 2/7B and 2/7FIP ~ ¢n
Eidfisk has gone accerding Ho plan. The bridge between 2/7A and E/W‘ww
pesitioned on 8 July. On FIP, tho gas flaring installation wes pesitioned
in July, and the riser pipes vere installed in October. The accomsedation
wmit en 2/74 was a?pmvee‘i for use,by the Paireleum Directorate, in Lugust, and
in September the insinllation of drilling modules was bezgmm. The 2/7B deck was

SRR
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installed om 22 July, and its seecwms: wedd cod belleonter deck on
11 Avgesb, At the twrn of the Fear worlk wes in nrogruse heve on thp gae
flaring . plawt. %he eperator expesis the firss wall en 2/74 %o be ':fez@le'i;eé
en 15 Auguast 19‘?39 ard on 2/78 on I Mareh 1979, The pipaline comnoxion

should be complete by 15 Suptember 15978,

Edde is the last: field to be brought iute productica in the Flefiak

ares. This is expected 4o tsle place in 1899, Tha secownsdation vodule and
helisepber deck cu Bdda plaiform 2/70 wns pesitionsd in Septerber, The

accomsedation quarters are expectzd 4o b brevght dnte vwee in eariy 1078,
The operator plans completion ef ths First well on 15 December . 1974, ‘the

pipeline being esmnected ot the sawe Sime., .

A@i;i‘vity in the eonctruction seetion o0f the Isnfisk srea will graduslly
decrease : thwswvghont 1978, The speratex has plauned te sy sod comueset tha
Pipelines for Eldifisk, Albugijell snd Fdda in tha 1978 season. It may prove
to be somewhat optimistiz to expect o carry owt all this werk in one SEEYOD,
- The Petrolewn Directorate has asswmed in itg prodnetion ferscasts {ses Chapter
2,10} that prodocilien frow REldfisk, Albuskjell and Pdds will commenice during
1979. | |
‘Produstion wells will be drilled inm 1979 sn Tox, Bldfisk 2/75; Albuaslcjell
2/4F and 1/64, s 2/7C sud pevhaps Feafisk 2/58, What is of interest in
thid conmexion iz the extent to which éﬁéiiliﬁgg iime productina must he stoppad
becavse of the Petrolewmm Dizectorate’s new rulss for gimuliencous drilling

and produvetion. These rules have nod basm applied im the past.

Thes Phillips group expscis the Exefisk expassion to havs cest 31,450
million kromer when all platforms, production fosilitiss, pinslines sui

precesaing terminals for oil amd goa have besn sommleted,

On the produstion imstsllations in the Exolisk srea, 9il, gas and water
extracted are separated asd processed to render the various rroduets gnitable
for sale, injectien, fuel or discharge. Separadion is e#feeisd in three stages,
firet by leading the gtresm through & high presswee eontainer, then threugh s
mediuwm pressure sonbainer snd Linelly through a lew pressuce sontainer,

01l from Flofisk is led either for gtorage 1o the Buofishk tapk op %ﬁrectly
threngh the pipeline 4o Teeside. From the other fields the #il goes direct
- %o the Teeside pipeline, .

Gas ean eiiher be led to Huden theoengh ths gas pipeline oy imjectad into

EA

the Erefisk reservoir, Tha zas ig frenied during the sepavation process o

3 .

prevent its depenitiag liawid in the pipeline {d.tyaration and dew~

peint preceesing).
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The FEkofisk field has its cwn processing terminal (Ehofisk PIP) at which
all three separation stages eve cerried cut., The strams fwou the 2/Eh, 2/k8
and 2/4C drilling platforms sre led to this platisim, '

The Ced, Tor, Bldfisk, Edde and Albuskjell inmsiallativna wll bave highe
pressnie separation econtainers and dehydration facilities for gas. The latter
are necessary to dry the gas to prevent wax fowming in the pipelines to the
central installation in the FEhofisk field. Wilh the exception of Cod, en oil
pipeline and a gas pipeline zum from all these fields to the riser
platform on Exofisk (2/4B). From hers, ¢il sud gea conbinus vie a bridge te °
Ekofisk Center. The streams bre hers gathersd vy seceond and thivd stage
aéparatic;n. Final dehydraticn and . ‘dewpoint " procezaing of the gas ls
also corried cut on Ekofisk Cembex. | |

0il from the high-pressure centainer on {sd snd the dsbydrated gas are
led in & common pipeline to FHrofisk Center,

"he streams from the drilling platform on V-Fkofisk {2/4D) are led
without processing to Ekofisk Cénter, where the Firvst separatiom stage is
earried out before the oil a,nd' ges streams ars wixed with streams fvem *é;h@ ,
other fields. | |

- The réeovery foeilities in the Hiofisk ares link the fields and previde
a certain potentisl for eptimizing the exploiiation ef deposite as & whoele.
Thie potential consists meinly in distributing the intelke to the facilities
between the fields, comtrolling the oil (condensaiz} depesited by the gas
into various pressure vessels, varying pressure sud temperature conditions in
separation and ecooling facilities, using the gas and NGL za an oil displacement
agent in the Exefisk field end uwsing the Ekxoflsk field *m o store for ges end
¥GL. The commen facilities also give cpportmmitiss for more favourable
financial operations and for the expleitation of reserves that are etherwise

only marginally worthy of consideration,

9.,4.%. Beturn of NGL (wet pns) to Norway

In esseciation with the landing licence for peirsleum from the Ekofisk
area fields, the Fhillipe Group entered into am agreement with the HNozwegian
Government for the return of NGL to Norway., The agveemsnit was concinded

] primarily to ensure deliveries of raw materials for the Norwegian petirechemical

industry. Licemces under the agreement comcluded with the Governmeni were
later assigned ~to Noretyl (S%atoil, Bydro, Sagal, ich ig respongible fov
expansion and operation of the Hafnes installations,.

 The agreewent mainly comgexms the Fhillips Group's supply of ethane and
propane as rav materials Zor Noretyl., The Ekafisk, V-Ekolisk, Cod and Teor
fields must supply smough o preduce 250,000 tons of eithylene @ year. Ike
Eldfisk, Pdda sud Albuskjell fielde are to suysly enoush for » furthes
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80,000 tons & year.

The ethane snd propane preduced from the ipdividusl fields are found in
the streanms of both gas and oil, Large propertions of the gas ‘stream are
cendenged-out during final debydration amd dewpoint. grmeasing on Brofigk

Gember. This corndengate is mixed with the oil siream end led to Teeside by

pipeline. Because ef the condensate eontent, the oil must be kept under
pressure at normal temperature go that the condensate does not evaeporate. The
Phillips Group are constructing at Teeside facilities for stabilizing the oil
and for storing and ghipping it. The Grouwp is alse constructing facilities
fox fractioning the condsnsate inte ligquid e‘bhéne, propene and butane, and for
storing and shipping these fractions.

Under the agreement, the Phillips Group was to supply the Zirst ethune/
propane to Noretyl in subwm 1976. Delay in the extension of Exofisk Center
and the Teeside faeilities eaused supplies to be poaipened ZLirst to summer
1977 and later to the end of 1977. Because of further deslsye in the Teeside
fasilitien, particularly the fractioning and ethane/propene storage installationrs)
the Phillips Group conmsiders that no deliveries can be made wutil awmbwm 1978.
Thig has caused great problems for Horetyl, since tbe RBafnes insiallations

‘‘‘‘‘‘‘‘

were ready {6 receive the raw material im summer 3977,

Sines covelusion of the NGL agreement, the Peltroleumm Directorate has
folloved developments, in the first place to ensure that the sea facilities
were go designed that they would represent no restriciion in gupplies of NIG.

2.h0h4. Pipelines from Fofisk

Eofisk « Teegide

The ¢il pipeline from Hkofisk to Tesside was brought inte use in awbmm
1978, The length of the pipeline is 345 km, and its dismeter 349,

By the end of 1977, some 60,000 m of oil a day was conveyed through the
pipeline from Hzofisk %o Teeside. When tho two pumping platforms are ready,
it will be pessible o pump 160,000 m of oil a dey through the pipelinme, The
0il now led threugh the pipeline ls precessed at Exofisk C_.enter,, and NGL
separated off. When the Teeegide extensions are complets, the NGL will rum
togaether with the ¢il at & pressure of 7 bar.

Duping 1977, extensive chacks on the state of the pipeline were carried
out. Seetions were found in vhich the pipeline was not covered as was assumed,
and repair work was carried owt. This work will continwe inte 1978. Inm
Sepiembexr 1§77 the pipeline was dumeged near Teeside by an anchor. The damage

cnused great reductiom in the pipeline's corrosion resistance at this point.

Hoxpipe ave to sulmit 'a, plan Yo the Petroleum Dzir‘e'c:tﬁqréiie in early 1978 for
ropair of the damegs. It iz plansed to cerry out the wepair in April 1978,




R

T}vm 1y estimated te bteke six weeks. The work depends uwpon good weather.
Wrils the werk is in progress, bucy loading will be esrried out on Ekefisi.
Bad weeiher could lead to reduced production during this period.

Fzafink -~ Emdeg

The gas pipeline from Fkelisk to Ezden was brought into operation en 14

Sept: 1577. The pipeline has a diemeter of 36% and a length of some 442 lm,

46 n of which is on land, At the end of 1977, 25 millien oo

was eouvoyed to Emden through the pipeline. When extension of the pumping
pistforus is comploted, it will be possible to convey 60 million Ne© a doy

of gas & day

+6 Tuden.

ghere wae some delay in commissioning the pipeline. Part of this delay
resnlted from Danigh demands for jmprovenents, since it was ghown that the
burial of the pipslines did not meet the original requirements. To Tectify
thin, 600,000 seudbags were placed arownd the pipeline on Danish territery as
s temporary seluticn. Permanent burial will be carried out by a gpecial
voasel, It is planned to carry out the work Quring spring 1978, and eompletion

iz satbizated For autwm 1978,

9.%,5. The Brave bloweouh

w1977 ecsueved the greatesd wneontrolled blow—out on the Nerwegian

- Countinenial Shelf. This was in the Ekofisk ficld on production platiorm 2/48,

the so-called Brave platform. Om 22 April 1977 at 22.15 hrs., the Phillips
Petrolrum Company Norway's Head 0ffice at Tanager received a message that

production wall B-l4 was out of econtroel.

the blew-sut cccurred during overhaul werk on B~l%, This included withdraw-
ingthe entire productien pipe from the platform dmm‘“ 4o the resexvoir,
Befeve this work eculd be eormenced, the valve mangemeﬁt on the production
deck, the so-culled ¥mas tree, had te be replaced by a .special arrangement
o2 aubi-blow-out safety valves, These safety valves are technically referred
to as blowecud preventers — BOP. From the time the leas - tree is taken down
and the BOP put inte position there is no mechanical possibllity of closing
sf# +“he well e the platform, This must therefore be engured in another way

" Befors the Xmas- tree is removed, and drilling mud and mechanical safety

arrangements in the preduetion pipe are used for this., Drilling md is & heavy

ilguid whieh iz forced down in%g the pmductionv pipe to hold back the oil and
grg in the remervoir. This operation is normally referred lo as Ukilling®

the well, A machonicsl sefety valve, & go-called THSY (down hole safety vaive),
was pinced showi 150 m dewn in the production pipe after several msuccessiul

stimipts. The hlow-eut itsel? pecurved during erection of the BOP.




411 personnel on Brave had been evacuated oxd brought-fte safedty within
an hour of the aceident. The suthovities, i.e. the Pelwolewmm Direstoraste, itbe
Ministry of the Enviromment and the National Pellution Inspeectoratsa, had been
pnotified, A few hours later, Phillips asked for the assistance of the Bed
Adeir Company in Texas im stopping the blow-cui.

An action group chsired by Mr. Hans Chr. Bugge of the National Pollution
Inepectorate was establighed at Scla some four hours after Fhillips had

received information of the hlow-cut.

After four umsuccessful atitempis, Phillips Fetroleum Co., with the help
of Bed Adeir and his men, managed to stop the escape of oil and gos on

39 Apfilo

The Petroleum Direcicrate estimates that 22,500 tensg of ¢il and belween
16.5 and 12 million Hmj ef gas escaped.

Action was called off on % May. The escaps had been stopped, but muech
vork remsined in cleaning up the platform and im prepaviug it fox production

again., Production was not reswed wtil 17 July.

To clarify the caunse of the hlow~out, an investigation committee-
wafs*"éé‘i:“u; by Roéyal Dec.reeicrf‘i'Zﬁ April 1977. . %he Commitiee was made up
a8 follows: Yr. John Fr. Meyer (Chairman), Dr. Techu. Johenves Mee and Police
Inspector Johsn Schanche. The Committee submitbed its repert to ihe Mimistry
of Justice and Police on 10 October 1977. ‘

The Commitiee’s conclusions may be summarized as followas

The direct canse of the blow-sut was that when ths DESY was lowered duriug
the night of 22 April it did not emgage with & nipple in the productiecn pipe
as intended. It could not therefore hold back the drilling mud when the well
beceme wmstable during the morning. “

However, the Cémit‘bee also says that in gpite ¢f this the blow-ont meed
not bave eceurred. There were two warnings during ths day that something wes
wrong., The first werning was when drilling mud began to rum evt of the DESY
control pipe during the morning. The second warning ceewrred when the ZXmas
tree was removed in the afferncon. At that time alss drilling mud ceme tp
through the preduction pipe. Insufficient atizntion was given to these

warnings, and at 22,15 hre, the uncenirelled hlow=out occurred.

o ;
The Brave blow-oul czused the Petrsleum Directorate ito carry out during

1977 a thorough investigation ¢f the Directerate's comiysl reutines, appreval

" precedures, regulations etc. This investigation resulied in lmmediste and

long-texrm meagures on the part of the Directerate.

The Potrolewm Dirvectorate hasg neted that the Imvuabtigation (omwmittes

farnd no reasasn Lo cnesblsn the Peitrsleus Directorstetazs soneral sontroel nolicy.
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The Brave blow-out, the subsequent unravelling of the ceusal
releticnships and disclosure of weslnesses in various aress have provided

valuable experience in the cemirel field.

2.5, Valball - Hod

Valhall end Hod are two fields located abouit 55 km south-cast of
Fxofigk., Fig. 2D shows the geographicsl lecatiom of Valkall and Hed in
relétion to the Ekofisk area fields. The fields are lec&tyeé.‘in & struetural
development that covers the scutberm half of Block ‘2/8 and most of Block 2/11,
The western flank of the structure rums inte Block 2/7. The structure is
obleng in shape, with its greatest extension in a NWW-SSE direction. Iis
extent is ebout 10 x 20 km. Beservoirs are found only in parts of the
gtructure. Fig. 2F shows the geolegical fermations which form the reserveirs.

Valhall consists of the northern and largest part ef the siruveturs. The
main part of the reservoir is located in Block 2/8, but it alsc extends inte
Bloek 2/11., The Hod field consists of two ridges meparated frem Valhall by
a saddle. ' . -

Up to the present, 13 wells have ‘been drilled in the struciure, ivcluding
one deflection well. Valhall was discovered by well 2/1l-l in September 1969,

and Hod by well 2/11-2 in Japuary 1975. It is expected that Bore Ne. Lh -
2/11-3 = which ig exploring the most eesierly of the {two ridges on Hod, will

be completed in early Janwary 1978, The drilling of a further delinestion

on Hod and another on Valhall is planned for the pear future.

_ Plocks 2/8 and 2/11 bave been sllocated mader two different production
licences., Production: licence No. 006 covering Block 2/8 was issued om 17
August 1965, and production licence Ko, 033 covering Bleck 2/11 was issned on
30 May 1969. The seme licensees, the Amoco/Noco Group, participate in the twe

‘production: licences, but with different shares. When production liceuce No.

03% was issued, there was an agreement with the licensees that they weuld pay
to the Government an smount equivalent to 10% of the met profit from the sale
of petroleum from areas covercd by the liceuce. This gum is in addition to
royalties. Because of this agreement, and because the ownership of Blecks 2/8
and 2/11 differs, it will be necessary ic establish preeisely Valhall's

}listribntion betwesn ithe two blecks,

Sterting Repbrt’}k»° 92 (19:75—77) refers to the lending of petrolewm from .
the Valball and Hod fields, The landing licence was issued in May 1977. The
licensees have plauned development in stages. The work on deiail planning
of the first stage —developmentef the eeutral seeticn of Valbell in Bleck 2/8
-« hag been taking place since the landing licemece won issued, In associaticn

with the Petrolemm Directorate’s work on the plabs, a zeries ef meebings have

been beld with ithe AmoecoMNoeco Grovn. These meetinsz vesulted in amendment of




' an agsessment of the safety aspect of several alternative solutioms. The deck
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the plans from a twe-platform solution to development - using three platformss
ome drilling platform, one production end compression platform and one separate
acsormodation platform. The three-platform solution chogen ias the result of .

on the drilling platform is dimensioned for the drilling of 24 wells. The
proecessing equipment on the production/campression platform will be dimensioned
%o handle any production repulting from the aubsequentdeve-lopinerlt stages on
Valhall and Hod. It is plamued to developthe remsining parts of Valball and
Hod by integrated platforms. The characteristics of the field make it
essontial to obtain production history and well data as early as pessible se

that optimal location for the gubsequent wells can be determined. A eertain

- gmovnd of simultaneous drilling and production will therefore be necessary.

The logation of the wells will decide the amount of petroleum that can be

recovered,

The Ameeco/Noce Group is to sulmit a. study - programme for increasing
the oil recovery factor by injeeting gas, water or other substances. The
Petroleum Directorate will follow this work very carefully with e view ieo
achieving optimal reccvexry.

ﬁ-!Dévelopment._ of Valhell and Hod is planned over the following four
stagess S

girg’& gtage of development,Valhall A, which comprises

- developmentof the central part of the Valball sizructure in Block 2/83

= % platforme; : , .

- Drilling platform, plauned to be positioned in gummer 1979. The struciure
for this platform is to be built at Aker Verdal, and the deck at Evaermer
in Egersund; ‘ |

- pfs&ucﬁcm/cmmresaion platform, plammed to be positioned in spring 1980.

A modified jaekef previously planned fer umse on SE Tor will be employed
for this platforms o . ‘

- Agconmodation platform, plamned to be positioned in spring 1979. The modules
for the sceommedation quarters om this platform are expected to be built in
Horway, but where the steel base is to be constructed is not yet decided;

-~ stabilized raw oil and ges of pipeline quality will be conveyed separately
in twe 20" pipelines to Ekefisk Center, where the existing transport system
te Emden end Teeside will be employed. The laying of the pipelines from
Fiafigk Center is expected te commence in spring 1979.. ¥or connexion te
Frofisk Center, a mew riser pipe platform will be built, which is to be
eonnected by o bridge to the western end of the Fkefisk tank. If it becomes.
n@saga@y to separate-off NGL on Valhall, it will be re-injected inte the
peservoir if there is po %transport capacity avallable in the Fkofigk system.
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Beiliing of the Lirast w21l will cmmesnee im gpring 1980, and prodeuction

in Jdamoary 1901y .
- cast ai she Pirst stage of expsusion is prelininarily catimated at 3.6

bﬂ 11.on CErONETe -

Second develooment stage,  -Hod, comprisings

- d“é\?élopﬁént of Bod in Block 2/13

- G0 im%gmnh@é?. drilling and produciisn platiors;

= 3% i plued that pairolewa extraciad will be sent by pipeline for
precesaing o Telhall A% '

- drilling of ayaéuetma wells beging in 168L. Tre development of Hod depends
npon positive pegulis from the delineation drilling jn progress and plasned.

Al

Fhird development stage, Valhall B, comprisings

«development of “he asuth-western part of Valhallj

= gn integrated platiozw;

- petroleown axiracted convw veyed by pipeline for precesaing on Yalhall Ajg
- drilling of predaciiua wells begins im 1982.

Four *“"ﬂ development stave, Yelhall c@mpz‘-iaings

mdevelop .1: of ghe “fw'*;\h»-%wﬁtem @&r@ of Valhall;

~ an integrsted plaitform;

- drilling of produsiion wells beging in 1983 ’

- petroleus sxtracted sanvayed by pipeline Zor proceasing on Valkall A.

The third and fourth developmont stages - depend upon p@sitive regsalts

from the ;uawmsei delinesiion drillings on Vslhall and good production resvlts
from Valh&'il Ae

ga&(i@}.. Pooloitstion of depcaits

Yhe Frigg arss cewprises Frigg and‘ the satellite fields of Bast Frigg,
Southeeast Feipg, Norith-enst Frigg snd Odis (Fig. 2H). At the end of 1977,
- enly Frigg hus been daclaved to be commereial, and it is wmdergeing development.
Eagt Prigy and 0din sre being awwged for development - and are expected te be
declared commereial duvriag 197&, Lz deseribed im deteil in the 1976 Apnmal

Bepert, tha filelds ars oon wgidered 4o be lecal gwmhtnrm en & continvous sand

n‘.

bedy of the Toceme sz - the Frigg formation - of limited lateral exient.

The sead in the Telgy E@m:x.bf.un is in pari consolidated, and hag an

Lo

average usreaiby of ebuud 5%, Flew properties ave relatively geod. The ges

whieh bua scevmniated in the gtzustures is sowe 9% methene, and has a
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relatively medest econdensate eontent. Between the gas zeme and the unﬂarlymg

water zone there is & thin layer e:f eil, which is net commercla]_

Under the Frigg formation is an older sand deposit, the Hemial famtmn
(formerly called the Ced formation), Thig formstion is seem as being deposited
continnonsly over a very largs aves compared with the extent of the Frigg
formation. Beimdal is located 40 km south of Frigg, and is a condengate~bearing

gtrueture in thia formatiom.

The Frigg snd Heimdel formations are geparated by & zone comsisiing of
alternating sand end slete strata. This Zone alse eontains some voleanie ash
(tuff), and is therefore uswally referred Yo as the tuff zone. Pig. 2 I shows
e gmer&lized section through the Frigg/Heimdal formation.

1If the taff =one proves to be impermeable to liguid and gas, and also to
be continmous under the deposit area of the Frigg formation, the Frigg formatien
will have a clesed pressure sysiem. In the 1976 Annual Repert, the Petroleum
Pirectorate geve an assessment of the negative effectas such a situstiecn would
bave on preduction in the satellite fialds, and concluded by stating that for
reservoir reasons it would be desirable to develop the satellite fieclds as soon

es possible.

T4 is however pegsible that the tuff mone iz digeentinuous, or that 1%
otherwise permits” pressure and flow eornsxions between the iwe formations.
In that event, water from the Heimdal fomatian will flow into the Frigg
formation when the ‘t‘r:.gg reservoir is predueing. The sirength of this ixxﬂnv
of Water will depend wpen the flow properties in the tuff sone and the Heimdal
tomntmn, and also on the content of gas end watexr inm the Heimdael formatien.
A strong inflow of water will cause the pressura in the Frigg formation to be
mainteined, whelly or in part. In thal evend, productien from the Frigg field
will pot have & significantly negative effect upom the satellite fielda®

production.

However, a strong inflow of water will reduce the recevery facter of the
Frigg fiold itself. This is becsuse the water fromt will bs sble %o reach-
the well area mere guickly {han if the inflow of water was small or mil. The
field will then have %o be ghut down because of sxoessive watler preduetiéia,
even if the reserveir pressure is siill gufficiently high to act a3 an
effeetive driving mechanism, ’“he water flowing in will also fcatch® some ef
the rgas, go preventing it froem flnmﬁ%, fowards the well srea.

A reserveir study carried out co-operatively by the ‘%’etmlem Directorate
and Rogalandsfershning (r%e@rch institute) indieates that the recovery factor
for the Frigg fisld may very between 60% and 90%, depending upen the existing

inflow and expausion conditions. The highest recovery facter is obtainable

e
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FIG. 21
SCHEMATIC SECTION THROUGH THE FRIGG AREA .
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with & limited Lgflaw of water, and ithe Jeweal wilth a stroag inflew of waler
(i.e. free pressure commerion hetween the Haimdal wnd Felgg lformati wna), Ik is
at present uncertain whieh of the tws situations ocuilimed will asseri itself
during the extractiom process. An observation wzil wiill he drilled drem
the P2 drilling and production platfesrm im 1978. This will paastrate ithe
Frigg formation, the tuff zome and the Heimdal fowmaiionm. Observaetisn of
ligquid movementis and pressure variations in this well over a peried will x@séi@a
the question of whether there ia an inflov of water during predackiva, and do
wvhat extent. It is assumed however thel ebservationsg will twve fo cover a
periocd of 1-2 yesrs uwnder full preduction from the Frigy field befsve a

relatively relicble amswer can be ebiaimed,

It i 8till desirable o expand the satelliis fields am soon sz possibla.

If the tuff zome iz dense, préssure in the satellite fields will f231 dupid

~ production from Frigg, and the reeovery factor will be wednced as dewcribed ia
the 1076 Anmual Report. If the tuff zone is pevweasble, prsssure will by
waintained by an inflow of water from the Heimdal Formation.  Lu thal avent,
the time aspect is umimperiant as concerns the satelilite fizlds' vacavary
factor, but it will be important for the sconewy of the fields fhai developmeot
should take place within the lifetime of the transport sysiuma Trem Erigg;

The first ges was produced from the Frigeg field and suppiied do ihs
pipeline om % Septewber 1977, The field was in commsrsial produsiien froem
13 September of the same ysar. The rate of prodoeiien Lssz heen gradnall;
inereased, and was sbout 18 willion Hm3 a day at the and of 1977.

e 4
Total production for 1978 will be sboud 7.3 billion CFw’, smd the field

3

will reach a production platesm of 15 billion Nu~ a year from 1960 cuwards.

DPaily production will be subject to szeasonal variation under sn agreement
with the British Gas Corporstion, who purchage the gas {rom the Frivg field,
The aw@rage rate wzll be about 40 million um3 e day, with a zeasonsl veriation

'é@%.

" 2,6.2, Joint development. (waitization)

In spring 1977, a repert was guhwitted by the Americon cémgultﬁmtg,'ﬂ
De&alyer & MacNaughton, ¢u distribution of the Frigg ges betwsen MNorwsy and

Great Britain. The reperi csme to the comelusion that 60,320 of tha reserves

are located on the Nerweglanm gxé& of the iine end %9.18% on the British side. By

prior agreement, the licenserswers regquived to schknsviesdge ths copmsuliounis?
regulta.
The Norwegien aud British awthori ies have bzzn assenaing the repert, and

bave sgreed in an exchange of lastiers dated 12Dec.iB77 %o wadniain itha sheve
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vg digtribution. In this esmnexion, the Peivolew: Dirveetorais carried oul en
‘extensive check of the results sgubmitied im the zepert. Thz distribuiion may

1 be q@énded. every fourth year with retrespective effect i mow data andfor

caleulations give grownds for this.

'2,6,3. Production facilities/fixed instsllaticns

On the‘Norwegim side, Elf Agquitaine Norge A/S ia the Frigg opevater

concerned with development and operatiens. Totsl Mavine Norsk A/S are
responsibla for eémt‘fucting and operating the fé:?%szyar% gyntens, and for
terminal installations at St. Fergus. Scotland.
On the British side, the field has been developed with
CDP 1 - & combined drilling and production platform;
piuid « @& processing and ges treatment platlorm;
14) 4 - & platform for accommedation ond a contrsl cemirs. 4.
The Norwégian aide has the following imatallaliens:
TCP 2 = @& gas ireatment and compreé&icxa platform; |

PP = & ecombined é&rilling snd productism pletfcorm,

Fig. 2J shows the location of the various platiorms.

DP2

The steel foundation for the DP2 drilling platform was pesitioned im
May 1976 and the piling of the platform was cowplete at ihe end of December
1976. Installation work was undertaken im 1977, end theproduction licence was
issued in July. Drilling of production wells hss aince Teen in progress,
and production is expected to commence in 1978.

ICP 2

TC? 2 is & conerete platform of the Condsep iype. Tie toucrete
_structure - econgists of 19 cells, three of which are exisnded to form the legs
of the platform. %he deck is lecsied on top of these lega, The deck is of
stael, and is designed as & hox frame structure.  The modnles, together with
- the processing equipment, are gituwated on and in the deck. 53,000 133 of
reinforeed and pre~stressed econorete was used in the eonerebe structure.
The deck-w&ighg 3,500 tons, and the wodwles weigh 8,000 tong.. In totsl, the

platform will weigh 30,000 tems complets with equnipment and hallast.

An inwey cylinder contsining some of the eyniymenit hus beem placed inm
one of the comerete legs. The risers pass through ths twe other legs, which

are filled with wster. One of the legscontains six risers fouwr from IP 2,
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ens going to Ssotland and ones te the flare s't'ack.f + Pipes for fulure

pipelines Pass “through the other leg. Thess are from Heimdal and Hast Frigg,
end to MNorway. ’

. The econcrete structure was built at Encialgnea and was comyleted in 1976

. 'I‘he deck was bullt partly at Sterd end pmrtly at various yards in France.

The parts were asgembled in France inte two lerge deck components, and shipped
by barge te Stord in winter 1977.. These components were comnected together st
Stord end shipped by barge to Endalsnes in esrly April, At Andalsnes the deek
ves loaded om to two barges, which were towed m?eir the consrete giructurs
vhile it was submerged. When the deck had been secured by large holts through
the steel ring on the wnderside of the deck and the top of the legs, the
platform was lifted and the barges towed away. Some of the medules end
equipment were heoisted on board while the plaiform was at Andalsnea.

The platform was towed from ,&nﬁalmés on 8 June, and arrived at the Frigg
field on 14 June. Because of bad weather conditions, the platform was not"
fosi‘tioped wtil 22 June. As the platform was to be sitvated very close to
the platforms already im pesition, very stringent weather requirements were
necegsaxry. In addition, the current is gueh that pesitioning could be carried
ouf only twice in 2k hours., This is the mest diffiecult positiening that bag
taken place, and also the mest sccurate. _¥hen the platform was in position,
the shorteat distance to TP 1 ves meroly 34 m, a fow metres from the desired
position but well within the tolerance limit. '

The Petroleum Directorate followed the work of comstructing the TCP2
platform. Supervision was carried out partly by consultanis and partly by
ovn pergonnel, The necegsary approvals were given as the work progressed, for
example approvel for towing out of the dock, lowering for fitting the deck and
towing to and lewering on to the field, '

In order to monitor the structural section of the platform, various types
o instrument to give information on the platform's bebaviowr under the effects
of vind, wave and current have beem ewbedded in sceoerdence with the Petroleuwn

 Direetorate's requiremenis., In addition, instrumenis have been meunted in the

base under the platform with the same object.

A bridge has been erected between TCP2 and TPl. This is 75 m long end

welghs 560 tens. The bridge was positioned on 11 August 1977, and ig the firsi

"bridge Link®? between Great Britain and Nerway.

2.6.%, Pipelinesg from Frigs

Twe perallel pipelines have been ldid between the Prigg field and
St.Fergus ir Scotland, one from TP 1 on the British side 2dd éme from TCP 2 in

the Norwegisn part ef the field.
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FIG. 2L A

CROSS SECTION THROUGH THE'ﬁgATFJORD FIELD

i L .
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78 0Oil~bearing sandstone

Water—bearing
sandstone

- ’ T = Impervious slate

The pipelines have a length of 365 km and a diameter of 32". Apart
from the pipeline itself, a compressor platform MCPnOl_is included in the
transportation system. This is located midway between Frigg and St Fergus, and
is common to both pipelines. The total capacity of the transportation system

is 60 million Nm3.per day before the compressors on the pumping platform

have been brought into service. It will be 80 million Nm3 when they are in

operation.

The British pipeline (Phase 1 of the development) was completed and

brought into use in the autumn of 1977. The Norwegian pipeline (Phase 2

of the development) was connected up in 1977, and is expected to be ready

for operation later in 1978. ' - » -

S




2.7 THE STATFJORD AREA . o ’

2.7.1 Production of the deposits

At present the Statfjord area comprises the Statfjord 33/9-Alpha
and 33/9-Beta fields, Fig. 2 K. Of these only Statfjord has so far
been declared commercial, and the decision taken to develop it.
Murchison is another field lying both in the same geographical area and
on the same geological trend. However this field will be dealt with'

separately as an individual field, as it will be developed under a plan

- of its own.

The Statfjord field consists of two sandstone reservoirs of the
Jurassic Age, termed the Brent reservoir and the Statfjord reservoir
according to the geological formations in which they were discovered.
The Brent reservoir lies over the Statfjord reservoir, Fig. 2 L. Their

geology was described in the Directorate's Annual Report for 1974.

The Brent reservoir contains almost three times as much hydro-—
carbons as the Statfjord reservoir. Both réservoi;scontain unsaturated
0il, that is to say that at the pressures and temperatures in the reservoirs
all the gas present is dissolved in the oil, and further quantities of {
gas could be dissolved in it. The oil in the Brent reservoir contains
rather more dissolved gas than does the oil in the Statfjord reservoir )
(approx. 250 Nm3 gas/ton oil, as against approx. 200 Nm3 gas/ton oil).
Pressure and temperature in the Brent reservoir is about 382 bar and 90°¢ .
as against approx. 406 bar and 94°C in the Statfjor& reservoir. The
pressure that will liberate gas in each reservoir (saturation pressure

or boiling point) 1is approx. 278 bar in the Brent reservoir and approx.

219 bar in the Statfjord reservoir.

During p;dduction of these reserves the.pressure will be maintained
well above saturation pressure. This will be done in order to optimalizev
the delivery capacity of reservoir and wéll. In the Brent reservoir the
pressure will be maintained by means of water injection. The principle is
that each unit of volume of hydrocarbons extracted from the reservoif is
replaced by the same volume of water being injected into the reservoir.
This means thst the hydrocarbons are prevented from expanding and the
pressure remains constant. %The water will be injected at the bottom
of the reservoir, and the oil extracted from a higher level. This creates
an oil/water interface that moves from éhe injection wells up towards the
production wells. Some oil that cannot be dislodged will remain behind
this interface. Displacement efficiency is relatively uncertain, one
of the factors on which it depends being the pore structures of the rock

formations.




-miscible with the o0il.  However, laboratory tests have
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The operator, Mobil, assumes in its reservoir studies that 307
of the o0il in place will be left intact behind the iunterface, i.e. a
displacement efficiency of 707Z. However, measurement of core samples

from the reservoir indicate displacement of from 507 to 80Z.

The ultimate recovery factor is found by multiplying displacement
by that fraction of the reservoir's total volume frem which displacement
takes place. Basing on studies of mathematical models the operator has
calculated this fractionm at approx. 0.85. The total rTecovery factorn

would thus be (0.85) x 70% = 607Z.

Mathematical models represent a simplification of flow techniques
and do not incorporate to any great extent the, at times., compiex geology
of the reservoir. Therefore great uncertainty prevails as to how large
a proportion of the total volume will be drained effectively froam the
number of wells available. In view of the above mentioned studies and
the probability of more complex reservoir conditicns, the licensees ha;e
reduced the recovery factor from 607, as calculated above, to 307. This

agrees with the Petroleum Directorate evaluation.

. The large quantities of gas produced from the Brent reservoir make
it poésible to maintain the pressure in the Statfjord reservoir by re-
injecting produced gas. This gas can thereby be saved for eveutual future
utilization. Gas will be injected at the top of the resefvoir and oil
will be produced from a lower level. Displacement of oil by gas is

is not

1))

usually less efficient.than displacement by water if the ga
ndicared that

the gas injected will mix with the oil. In that event all the oil will be

displaced from that part of the reservoir that the gas permeates.  Never-

theless there is some risk that the gas will flow through only a small

part of the reservoir, prematurely reaching the production wells. Cut—

put of gas would then increase sharply, oil production from the feservoir

decréasing at the same time. We would then have a situation where large

quantities of gas circulate without yielding very much in rhe way of oil.

The sale of gas would solve such a problem. At éreSant_n reliable

estimate is available as to when reservoir conditions may necessitate

sales of gas. The questign of when gas sales will become techuically/

financially feasible is beigg studied by the Statoil/Mohil Group. ~

Maximal exploitation of the Statfjord field depénds. primarily on

minimizing the oil remaining behind the displacement water;  in other
words, displacement efficiency is maximalized.  Displacement by miscible
gas is far better than displacement by water, which in its turn is better

R i b e i 8 it st A i SIS




than displacement by insoluble gas. Secondly, maximum recovery depends
onvdisplacement being effective in the greatest possible volume of
reservoir. In general, water will penetrate’better into all the

"hooks and crevices" of the reservoir than gas will, so that water inject~
ion gives the best coverage in terms of volume. Furthermore, the degree

of success in reaching maximum volume coverage by water or gas injection

~will largely déﬁénd on where the wells are located aud the producing rates

allowed the individual wells. Optimalization of well-siting and product=
ion rates aimed at maximum recovery of the reserves depends on the develop-
ment plan for the field being such that well jocations and production rates

can be changed as and when knowledge of the reservoirs increases.

2.7.2 Joint production (Unitization)

A small part of Statfjord lies on the British side of the boundary
line between Norway and Great Britain. This entails that agreements on
joint production must be concluded both between the licensees on the
Norwegian and British sides and between the Norwegian end British author—

ities.

) The licensees are working on such an agreement, which in English
is called a "Unitization Agreement", without any final draft agreement
having been produced by the end of 1977. Until further notice the pro-—

visional agreement of 17 June 1976 will apply.

An agreement. between the Norwegian and British azuthorities is also
in preparation. When the licensees have their agreement ready and accord-
ingly have agreed how the reserves in the field shall be divided, the
agreement must be submitted for approval by the two national authorities.

Tn this connection the Petroleum Directorate acts as the official organ of

. the Norwegian authorities.

The aim is to reach concensus on an agreement before production from

Statfjord commences.

2.7.3 Production facilities/fixed installations

The development plans%for Statfjord were submitted in Storting:
Report No.90 (1975-76). According to these'plans development will take
place in two phases. Phase I comprises 2 combined drilling, production
and accommodation platform linked to a loading buoy by means of 2 pipe~
line. Phase II was to have comprised two new plétforms of the same type

as the first, facilities for buoy loading and possibly a pipeline to shore.




The Phase II development has however been under review during 1977,

and fresh plans will be subnitted early in 1978.

The first platform, Statfjord “A", was commenced in 1974 and was
installed on the field in May 1977. It is-a concrete platform of the
Condeep type, with steel deck. The concrete structure was bhuilt in

Stavanger, and the steel deck at Stord.

The platform is still being fitted out. = Drilling is scheduled to
commence - in the summer of 1978, and the operator expects to be able to.

start production a year later.

Statfjord "A" will have a maximum production capacity of approx~
imately 40,000 toms (300,000 bbls) per day. However, average daily output
over a year will be approximately maximum 33,000 tonsz (250,000 bbls) per

day, i.e. a maximum annual production of about 12 million tons.

Statfjord "A" has 42 wellhead slots, i.e. apertures through which
drilling can take place. It is planped at the outsat to use 20 of these
for production wells, four as gas injection wells and eight as water ’

injection wells.

The platform will be equipped with four water injection pumps, each
with a capacity of 13,000 m3 of water per day. The injection water will
be sea water from about 50 m depth, and entrained air will be removed from
the water before it is injécted. The platform will have installed purify-
ing capacity for 8,000 m3 of produced waterw per day, which after cleans-

ing will go overboaxrd.

The process facilities will consist of four stages for separating
gas from oil.  Capacity is ahout 39,000'ions'of oil per day, with an
asscciated gas volume of up to 220 Nm3/ton. - Because it will be landed wvia
tankers the oil must have a low steam pressure (10 RVP). This means
that practically all the NGL will have to accompany the gas and in the
first instance be re-injected into the reservoir. When the gas is ultim~
ately sold via an eventual gas pipeline, a sufficiently.low gas dew-point
will be required. This entails a limitation of the amount of heavier
components (NGL) that can acrouwpany the gas without condensation taking
place in the pipeline. This could mean that a resjidual stream of NGL

can accompany neirher the gas nor the oil. Howevayr, the operator considers

that the formation of this third stream of NGL caan be avoided in the process

plannad.

A large boom will be installed on the platform for flaring gas if

Fhe nercscorbar oyt ooe
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‘Directorate concluded in the autumn of 1976 that a separate accommodation

‘accommodation.

The loading buoy to be used for landing oil via tankers is of
French design. It has been built partly in Norway and partly in France,

and will be installed and ready for service in the summer of 1978.

The pipeline that will connect Statfjord "A" to the loading buoy

has a diameter of 36 inches. It was placed on the field in June.1977.

The platform is calculated to cost 7,150 million kroner.

“In 1976 Mobil had plans ready to order a new platform, Statfjord
“B", to be built largely along the same lines as Statfjord “A".

After evaluating the safety aspects of the concept the Petroleum

SRR SR
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platform ought to be built in conjunction with the proposed Statfjord "BY
platform. The Petroleum Directorate considered that a separate platform
would solve several serious safety problems within acceptable financial

limits, without delaying development.

However, the Statfjord group decided tc postpone the project in

order.to try to solve the safety problems without building a separate

accommodation platform. Throughout the past year the Petroleum Dirvector—
ate and Mobil have maintained continuous contact to discuss the pre-

requisites for the new platform scheme for Statfjord "B". The plan was sub- \}
mitted in the autumn of.1977 and was approved by the Directorate on k

19 December, béing an integrated platform for drilling, production and ~f
- j

The new platform scheme represents a considerable safety improve-
ment compared with the original Statfjord "B" plams. However, when
giving its consent, the Directorate stipulated that certain foreseeable

problems must be solved. The Directorate believes this is feasible.

A further condition of approval is that current work on the develop-

ment of improved evacuation systems results in satisfactory solutioms.

Statfjord "B" will have a maximum production capacity of approx—
imately 24,000 tons (180,000 bbls) per day. However, average daily
production over a year will be about 20,000 tons (150,000 bbls) per day

maximum, i.e. a maximum annuil production of about 7 million toms.

Statfjord "B" will have 42 wellhead slits from which- 15 production

wells, four gas injection wells and seven water injection wells will be

drilled at first. -

Water injection capacity will be three times 13,000 m3 per day,'
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and cleaning capacity of produced water 4,000 mg per day.

The processing facilities will consist of four oil szparation
stages with a capacity of about 24,000 tons of oil pef day and some
5.2 million Nm3 of gas. Gas injection capacity will match processing
capacity. The platform will have a storage capacity of about 200,000

tons of oil.

Statfjord "B" is calculated to cost 7,191 millidn kroner.,  Mobil
believes that if the ordering of main items of equipment begins in January
1978 and the concrete structure is ordered early in 1978, the platform
could be towed ovt and placed on the southern part of the Statcfjord field

fully fitted out in the middle of 1981. Production could start in 1982.

The Directorate comnsiders it only proper to stress that Mobil's
time schedule involves a number of uncertainties that could easily entail

a year's delay.

In conjunction with Statfjord "B" a loading bucy will be built,

similar to the ome at Statfjord "A".

- It is expected that the 'northern part of Statfjord will be developed

for a production capacity at least as great as for Statfjord "B". In
conjunction with cevelopment of the northern part it will also be natural

to examine other finds in that area.

2.8 MURCHISON

Murchison is a sandstone reservoir in the same geological formation
as the Brent reservoir in Statfjord (Fig. 2 K), So far the field has
been mapped by means of three boreholes, all on the British side of the
boundary line. The underlying Statfjord formation is watermbeafing in
these holes, but as they are so low down in the structure it is possible
that oil may exist further up (cf. Fig. 2 L). In such case this would

mean a small addition to the field's reserves.

Murchison, like Statfjord, lies partly on the Norwegian and partly
on the British side of the dividing line. The major part lies om the

British side.
§

The same groups of licansees as in Statfjord participate in ex—
ploitation of this field. The licensees on the Horwegian side declared
the field commercial in the autumn of 1977. A Storting Proposition on

Stateil's participation will be submitted in the spring of 1978.
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It will be necessary to enter into the same types of agreement
for joint utilization of Murchison as for Statfjord, and a Unitization

Agreement is being drawn up by the licensees.

Reservoir properties (porosity, permeability) are somewhat poorer
than in the Brent reservoir on the Statfjord field. The pressute in

_ : . o
the reservoir is about 443 bar and the temperature approximately 110°C.

0il saturation pressure in the reservoir is about 132 har.

In the same manner as for Statfjord, the reservoir pressure on

Murchison will be kept higher than the saturation pressure by means of

water injection. In addition, gas produced will be re-injected until |

gas sales are feasible. This means that water Will be injected at the g
bottom of the reservoir and gas at the top, oil being producad from a. ‘ k
ﬁoint between top and bottom. Such a production plan ﬁakes very great §
demands as to the correct location of production wells and injection wells w%
in relation to each other, and the well completion intarvals. There

‘will be a fairly large risk that production wells m2y begin to draw water

or gas prematurelyl The operational problems this would entail could

reach such proportions that gas injection would have to stop.

Murchison will be equipped with a fully~integrated steel platform.

Production capacity will be 17,000 tons (130,000 bbls) per day as the

s

yearly average, i.e. a maximal annual output of just over 6 million tons.

Production is scheduled to commence in 1980.

The o0il will be landed via the British Cormoranﬁ field to Sullom Voe,
Shetlénd Islands. Therefore the processed oil could have a high steam
pressure (100 RVP), making it possible to retain NGL in the oil stream.
This NGL will be extracted at terminals at Sullom Voe, and crude oil can

be carried from there in tankers.

2.9 PETROLEUM RESERVES

2.9.1 Status

The year 1977 was hardly encouraging as regards increases in
petroleum reserves on the Norwegian continental shelf. On the one
L3

hand no new data were recorded that gave reason to alter the quantity

of undiscovered resources, i.e. estimated risk—evaluated resources -in

structures not so far drilled. Expectations in respect of unlicensed
0 .

blocks south of 62°N can therefore be said to be the same as they were

a year ago.
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VOn»the other hand, as regards indicated reserves, only oﬁe new
find was made in‘1977, namely 1/9“Gémma. The finds made in 1976,
33/9-Alpha, 33/9-Beta and the 7/12 field associated with 1/9~Alpha that
were tested around the turn of the year 1976/77, resulted in a slight
increase in indicated reserves compared with the position described in
the Directérate's previous annual report. However, the increase is not

as much as there seemed reason to expect, considering that the reserves

of several new fields were to be added. This is due to the resexves in

several previously discovered fields having been reduced, some of them

drastically, on the strength of new data that became available in 1977.

Therefore it is appropriate to call attention to the uncertainty

attached to figures for reserves, as has also been done in earlier annual

reports.

. For the Norwegian shelf south of 62°N the Petroleum Directorate has
the following figures for probable recoverable reserves as at the end of
1977 in millions of tons of oil equivalents (rounded off to the nearest

100 miilion tons):

- Indicated recoverable reserves 1,400

- Undiscovered, risk-evaluated, recoverable
reserves 2,000

Cumulative production from Ekofisk and Frigg up to 1 January 1978
amounts to 48 million tons of oil equivalents. This is some 37 of total
indicated reserves south of the 62nd parallel and about 1Z of the total
probable reserves (indicated reserves + undiscovered, risk=-evaluated
reserves). Fig. 2 M illustrates this, and shows that production from
the continental shelf has barely commenced. fhe figure also shows‘that
exploration of the shelf is virtually sﬁill in its infancy, in that it
seems probable that more than half of the recoverable reserves south of

latitude 62°N have still not been identified.

2.9.2 Fields it has been decided to develop

So far it has been decided to develop altogether 13 fields that lie
wholly or partly in the Norwegian sector (Table IV).' These are the Same

fields of this category as a year ago.

~ New drillings during the year led to a reduction in the estimate of
reserves for Cod. Two new holes were drilled in Hod. The results from

these drillings are still being evaluated. A new exploratory well was
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drillad on Statfjord in 1977. Testing in this well (33/9~9) produced oil
from the Dunlin formation but the quantity of reserves in this fgrmation
is insufficient to alter the total reserves for the field. New figures
for reserves have also been worked out for Murchison, Eldfisk, East
Eldfisk, Tor, Albuskjeli, Valhall, Hod and Frigg, based on new inter-
pretations and evaluations. For Edda, Ekofisk and West Ekofisk the
estimated existing reserves of oil and gas are unchanged from last year.

Howzwer, recoverable reserves in Ekofisk have increased somewhat. This

is because of the favourable effect of gas injection into the field.

‘ Three of the fields, Frigg, Statfjord and Murchison, lie partly on
the Norwegien and partly on the British continental shelves.  Agree-

ments have been reached on joint production (unitization) from Frigg, both

" between the licensees and hetween the authorities of the two countries.

-

The figures for reserves im Frigg in Table IV show the Norwegian
share under these agreements, with the total reserves in parentheses.
It will be seen that the Norwegian share in Frigg has increased comsider—
ably compared with the earlier, arbifrafily agreed division in the previous

annual report.

nly provisional estimates of the division of Statfjord and Murchison
are given in Table IV, as no definitive agreements have yet been made.
in the table the Norwegian share of Statfjord is based on a provisional

estimate made by the licensees, whilst division of Murchison was calculated

by the Petroleum Directorate.

- The total quantity of oil in place in fields which it has been
decided to develop shows a reduction (80 million tons) compared with the

estimates given in the previous amnual report, whilst gas in place shows

a slight increase in quantity (4,000 million Nm3).

In actual fact the gas reserves are reduced for certain fields
(41buskjell, Cod, Valball), but total gas reserves have increased owing

to the larger Norwegian share of Frigg.

The recoverable quantity of o0il is reduced by 6 million tons compared
with the previocus annual report, whilst the recoverable gas quantity

2
. cqqs 3
shows an increase of 4,000 million Nm”.

The recovery factor has been adjusted somewhat for most of the
fields, so that alterations in reserves in pléce are not always propor-

tionaie to chenges in recoverable reserves.
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TABLE IV. ~ PROBARLE RESERVES IN AREAS IT HAS BEEN DECIDED TO DEVELOP

In place - ' " " Recoverable

Name of field . 0il - 10,61:‘0.10. -~'z;Gés “Z-;]lﬁgNmS 0il - lbﬁtoﬁ' | Gas ~ 109Nm3

i}
34

Albuskjell A .40 C 45 21 , I 35
Cod - - V.4 - b .09 , ' 2 . 5
Edda . - ) . 26 : .8 . ’ 6 . 7 6
Ekofisk - - =~ 630 74 B L 123
W-Ekofisk + =~ - 60 R 3’ - o2t b 22
- Eidfisk - 77 . 388 -} 140 .0 R . B2
-E-Eldfisk - . - . .88 o b0 18§ e 6 ke 8
Frigg (60.82%) - S e (247) 150 o T e {185) 113
Hed o 28" _ 10 - N R . 3
Murchisan (17.1%) {56y 16 -~ ‘ 8) 1 ; @47 ' Sy : ,
Statfjord (88.88%) (8601590 (138) 120 {330y295 6388 - o F o Tk
Tor : 96 29 ‘ 28 18 ' :
Valhail o 206 54 50 , 33

Total Norwegian {._.. 2183 783 640 483
reserves

_TABLE V. PROBABLY RESERVES IN FIELDS FOR WHICH DEVELOPMENT IS STILL
UNDECIDED

-In place B - Recoverable

Neme of field |0il - 10%ton Gas - 10°Na® | 0i1 - 10%on Gas - 10%Nm>
Balder , .70 ' 14
Bream -~ .-} 0 o<1 Yo o . <1
Brisling ~ IR B < B PR <1 -
‘Flyndre (36.2%) o<t o _ o<t ) ol
NE-Frigg | .- i b ' . o .

SE -Frigg = - - b 2 : . . 1 .
-E-Frigg =~ e N 8 . L 6 :
Heimdal .~ - { . - 50 ERNEE a0 |
Murphy . T F - o D <2 - ST <2
Odin o o o ) 40 - S o ' 30
Sleipner = . 83 : 64 ‘ {1 J 44
SE -Tor - 14 4 -3 3
1/9-Alpha , 40 A 30. 4 .23 i
7/12 _ . 50 7 18 2 -
33/9-Alpha .31 . 4 15 2
3
2

33/9-Beata 65 g 33 2
TOTAL 326 ) 23 100 163 ;
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FIG.2M

RECOVERARLE RESERVES SOUTH OF 62° N

as of January 1 1978
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2.9.3 Fields for which no- developmerit decision has been adopted as yet

" We have three types of field in this'category:

a) Fields still being explored for better appraisal of size.
" b) Economically marginal fields. .

c) Minor fields that are not ecomomically exploitable today.

All these fields are listed together with their probable reserves in
Table V.

The table contains five new finds since last year's report. Flyndre
has not been mentioned previously because of its modest size, whilst
33/9-Alpha, 33/9-Beta, 1/9-Alpha and 7/12 are new, promising fields. .

Of the older fields Sleipner, Heimdal end the Frigg satellites including
OdinZare.still the most:likely as:regards .development for..production.:...:
Some of the figures for reserves shown in the table have been adjusted

gince the previous annual report because of fresh interpretation.

Sleipner

On 3 Decémber 1976,AStatoi1/Essb/Norsk Hydro were allocated Blocks
15/8 and 15/9 (broduction licence 046). It was then known that Sleipner,
which was discovered by Esso in block 15/6, extends into 15/9. The
results of delineation wells 15/6-5 and 15/9-1 drilled in 1977 led to a
drastic reduction in the reserves for the field as compared with previous

estimates,

Heimdal

No new drilling was performed on Heimdal in 1977. The planned well
to test the prospects in the Jurassic has been temporarily postponed
pending a new interpretation based on fresh seismic data. It is possible
that this well will be drilled in 1978. The development plans for the
field have been put on ice until further notice and will be considered

in conjunction with the result of the Jurassic test.

The Frigg satellites .

Odin, North-East Frigg? East Frigg and South-East Frigg are regarded
as the Frigg satellites. Odin is the biggest of these and Esso is'working
on development plans for the field, although at present nothing concrete
is known about the result of this work. East Frigg is also being evaluated

for development. The operator, ELf Aquitaine, is considering using a new




'technique, sub-sea completion, on this field. In that event the field fj;

will be comnected by pipeline to the Frigg field production facilities.
If East Frigg can be developed commercially by this method, this might

pave the way for similar development of e.g. North-East Frigg too.

1/9-Alpha

i The 1/9-A1pha field lies in block 1/9 about 20 km south—west of
the Ekofisk field. The licence for block 1/9 (production licence 044)
was granted to the Statoil/Phillips group in 1976, with Statoil as

operator.

1/9-Alpha was discovered by the drilling of 1/9-1 at about year-
end 1976/77. - Extensive testing revealed gas and oil from a fine-grained
chalk deposit belonging to the Ekofisk and Tor formations. Water deptan

above the field is about 70 m.

The find was confirmed by delineation well 1/9-2, although the
tests were less favourable. A third well on the field, 1/9-3, was
commenced in the autumn of 1977, but owing to technical problems was
abandoned before the reservoir was reached. It probably will be completed
in 1978.

The find has not yet been declared commercial.

.33/9-A12ha

This field lies due north-east of Statfjord, and was discovered by
the drilling of 33/9-7. So far only one well has been drilled in the

structure. 0il was found in the Brent formation at a depth of about 2,450 m. 3}

The water depth over the field is about 140 m, but varies widely in this

area as it is on the flank of the Norwegian trough.

The licensees of 33/9 are the Statoil/Mobil group. It is poss-—
ible that 33/9-Alpha extends into the non-licensed adjacent block 34/7.
The field lies so near to the northern part of the Statfjord field that
it will be natural to comsider any production in conjunction with the
development of Statfjord.
q N
33/9-Beta

- This field lies in the north-eastern corner of block 33/9 and was
proved by the drilling of 33/9-8. This is the only well in the structure

so far. 0il was found in a sandstone of the Upper Jurassic age at a depth

of approximately 2,650 m. 0il was alse found in the Brent formation
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(Middle Jurassic) at about 2,700 m. Water depth increases steeply
towards the north-east across the field, as this field too is on the
flank of the Norwegian trough. At the location of the borehole 33/9-8
the water depth is approximately 260 m.

33/9-Beta is closer to Murchison than to Statfjord, and it is
expected that possible production will be considered in conjunction with

one of these fields where development has already been decided.

Flzndre ' o o C ' C . ,

This field lies in the south~east part of block 1/5 and straddles
the boundary line into the British sector. The licence for block 1/5
(production licence 018) was granted to the Phillips group in 1965. The
field was discovered early in 1974 by the drilling of 1/5-2, Bydzro—-
carbons were tested in a sandstone of the Paleocene age and in a chalk
formation of the Upper Cretaceous era. The water depth over the field
is approximately 70 m. The field is not considered to be commercially

viable at the present juncture.

2.10 PRODUCTION FORECASTS

In this fifth annual report on the Petrdleum Directorate's activ—
ities, it may be appropriate to start an account of the production fore-—
casts by looking back. Figures 2 N and 2 0 show the gas and oil product-
ion forecasts for the first four years, compared with the output attained.
Clearly these forecasts were too optimistic. The forecasts from 1973
over-estimated e.g. the production of 0il equivalents by 225, 120, 150

and 1207 in each of the four ensuing years.

Although from an early:: Stage the Petroleum Directorate based its
forecasts on its own calculations of reserves, the licensees' forecasts
were applied for the early producticn, which depends largely upon the
progress of development work. At that time the Petroleum Directorate had
insufficient capacity to evaluate the development plans for forecastiﬁg
purposes. - Work to study data for short-term production forecasts first
started in 1975. Although this brought a marked lmprovement, it neverthe-

less proved difficult to avoid being unduly optimistic. The fire on
platform 2/4A and the subsequent replacement of risers resulted in thé
forecasts being about 10% too high in 1976. The blow-out at well 2/4B-14,
unexpected postponement of the start of production from West Ekofisk and
unexpectedly long delay in the commencement of gas sales, led to the fore-
casts in our annual reports for 1975 and 1976 over—estimating the 1977
output by 50~607%.
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Far greater reliability has been required of the more recent
forecasts. Furthermore, expansion of the Petroleum Directorate made
it possible to evaluate more of the assumptions on which the licensees'
forecasts are based. The most important of these are described in

Chapter 12,
However this still does not e¢liminate the uncertain factors in the
forecasts. '

The Petyoleum Directorate's forecasts of petroleum production
up to the year 2000 are shown in Figure 2 P. The forecast for fields
that it has been decided to develop show a somewhat lower production up

to 1980 than did the correspending forecast in the previous year's report.

For the period 1981 to 1983 the Directorate no longer expects any

‘marked decline in production. = This is because it has now been-decided

to develop Valhall A. Moreover production is no longer expected to
culminate in 1985. This is because the Directorate did not comsider
that the development plans for the remaining platforms on the Sta;fjord
field were sufficiently comcretized - for basing production forecasts .
on the provisional development schedule indicated by the licensees.
Development here will be followed closely, so that forecasts can be.

adjusted in due time should progress differ from the present expectations.

One~quarter of the recoverable reserves that have been discovered
on the continental shelf are in fields that are under evaluation. Some
of these fields will presumably be develbged. Figure 2 P also gives an
estimate of the output that can be expected from such fields. In favour-

able circumstances this production could become considerable from 1983, so

" that aggregate output from all fields discovered so far could approach

80 million tons of oil equivalents in the second haif of the 1980s. This

is 10 million tons less than shown in the previous year's forecasts.

The position regarding reserves is shown in Figure 2 0. The

. upper curve shows the remaining reserves over the peried. The lower

curve shows the recoverable reserves remaining in finds that it has been

decided to develop.
: §

The -increase in recoverable reserves is recorded in this graph as
from the year when approval was given for the first main development plan
for the field. The increase in the reserves in place is recorded. as from

the year when the first hole was drilled in the field.

The recoverable ressrves are Loo low to be able to sustain a stable

output of approximately 90 wmillion tons of oil equivalents per year.
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Indicated recoverable resources amounted as at 1 January 1978 to some

1,400 million tons of o0il equivalents, of which about 1,100 from fields

that it has been decided to develop. Over the past three years the
average annual increase in indicated recoverable reserves was about
70 million tons. In order to achieve a stable output of 90 million

fons per annum, recoverable resorves from fields that it has been decided

to develop must be increased from 1, 106 to minimum 1, 500 million tomns

through fresh finds, and by deciding to develop other fields under
evaluation. ‘gecondly, further prospecting activity must ensure an
average annual increase in recoverable reserves that is rather higher

thag 90 million tons, as experience shows that some of these resources

are not expleited. However, the resources gituation may ea51ly change

if one or more big finds are made in the meaxr future.

From Figure 2 Q it will be seen that about 2,500 million tomns of
oil egquivalents have baen discovered that cannot be developed or are mot
scheduled for development . Some 300 million of these are consxdered to

be ﬁecov&*&bla fvom filelds grill under evaluation.

- By means of stimulating production (i.e. injection of displace-
‘ment media), partlcularly in the fields in the Ekofisk area, further
quantities can Le made recoverable. Tor instance, sSome small quantities

of gas have S50 far bee

resulted in the recovery of an extra 9 million toms of oil. (See also

the accounLAunder Chapter 2. 4.1 above) .

It is plenned to exploit Statfjord and Murchison by displacing
Detxoleum.bv water and gas. This means that the recovery will be some
507 instead of about 28%, so that the recoverable Norwegian 0il reserves
”arﬁ about_iBO'million +ons more than they would otherwise have been.’

2 11 RETUQH OF LICENSED AREAS

B Durlng 1977 ccm@ulsory relinquishment of licensed areas tock place
under two production licences. This was the first rellnquishmﬁht for
production 1icence 036, granted in 1971, and the second such for product~
jon liceunce 034, awarded in 1969. ‘ ’

In 1277 dispensation from the relinquishment rules was given under
production iicence 019, when upon application the areas in blocks 7/12
and 2/1 voluntarily relinquished by the BP/Conoco group in 1976, were

returned O Lhem.

n injected into the Ekofisk field. This has Hﬁobab}y

o TS

R e 1S
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Considerable areas were velinquished voluntarily in the course
of 1977. In 211 7,902 km of the licensed areas allocated in 1965
were relinquished, so that only 7,399 kmz of the 42,106 km2 allocated

in 1945 are now under licence.

Of the blocks awarded in 1965, 46 have now been relinquished entirely.

These are blocks 2/2, 3/1, 3/2, 3/3, 6/3, 7/1, 7/2, 7/4, 7/8, 7/9, 8/1,
8/2, 8/3, 8/5, 8/6, 8/7, 8/9, 8/12, 9/7, 9/8, 9/9, 9/10, 9/11, 9/12, 10/5,
10/7, 10/8, 10/9, 10/10, 10/11, 10/12, 11/7, 11/8, 11/9, 11/10, 16/2,
16/7, 16/9, 16/12, 17/4, 17/8, 17/9, 17/10, 17/11, 18/7, 18/11.

 As at 1 January 1978 total licensed areas were as specified in

Table VI, distributed over the production licences as specified in Table

2.12 ALLOCATION OF NEW LICENCES

Four new production licences were awarded in 1977:

Producitiou licence 047

‘By Royal Decree of 7 January 1977, production licence 047, comprising

blocks 23/Z and 33/5, was awarded to the following companies:

‘= Den norske stats oljeselskap (Statoil) 50.000%
- Norsk Hydro Produksjon A/S : 13.8407
- Elf Aquitaine Norge A/S o 17.4407
- Total Marine Norsk A/S ' - 8.7207
- Deminex (Norge) A/S 10.000%Z

Stateil will not bear ény of the costs in the exploratory phase.
Statoil's participation will increase in accordance with an agreed scale
~if commercial finds are made, Statoil's share being determined by the peak

production from the blocks.

Norsk Hydro is operator for these blocks, and a technical assistance
agreement has been entered into between this company and E1f/Total. The
obligatory work program includes the drilling of three exploratory wells,
with the option to reduce this to two if the results from the first two

boreholes clearly show that further drilling is not justified.
L3

Production licence 048

By Royal Decree of 18 February 1977 production licence 048, comprising 'Wj

blocks 15/2 and 15/5, was awarded to the following companies:

=~ . Den norske stats oljeselskap A/S 750 .0007
- Norsk Hydro Produksjon A/S ' 17.300%
- E1f Aquitaine Norge A/S - 21.800%

- Total WMarine Naral ALG TN nnner
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Norsk Hydro is the operator, having a techmical assistance agree-
ment with E1f/Total. The licensees have undertaken to drill three explorat—
ory wells, and the first of these 15/5-1 was commenced in November 1977 by the -

rig "Treasure Seeker".

Production iicence 049

By‘pral Decree of 23 December 1977 production licence 049, compris=—

ing block 33/6,‘was awarded to the following companies:

- Den norske stats oljeselskap AlS 50.0007
= Noxsk Agip A/S , 30.0007
- Deminex (Norge) A/S . _ 20.000%

This was the final allocation in what is termed the third, licenmsing
round. The block lies under comparatively deep water due north of the

Statfjord blocks.

The licensees under production licence 019 have obtained dispen-
sation from the relinquishment rules in respect of those parts of blocks
7/12 and 2/1 that they voluntarily relinquished in 1976. The group
has been permitted to retain these parts on terms and conditions as for
fresh licences. Distribution of the above areas among -the licensees

is as follows:

- Den norske stats oljeselskap A/S 750.0007
- BP Petroleum Development of Norway A/S 26.625%
- K/S Pelican & Co. A/S ' 4.000%
- Norsk Conoco . 19.375%

It is proposed to offer allocation of the following blocks in the

fourth licensing round:

3&/2, 34/4, 34/10, 34/11, 35/8, 29/3, 30/1, 30/2, 30/3, 30/6 31/2
31/4 31/7, 24/6 25/5 and 1/2.

2.13 ASSIGNMENT OF INTERESTS

During 1977 the following assignments of interests were approved

under Section 48 of the Royal Decree of 8 December 1972:

Licences 013, 014, 015 ¢

‘ These licences originally covered 11 blocks and were granted to
the Texaco/Chevron group in 1965. All the blocks, except for block 9/4

(licence 013), have now been relinguished in their entirety.

On 1 December 1975 Deminex (Norge) A/S, Petroswede Norway A/S and

K/S Pelican & Co.A/S were granted pérmission to acquire one half of the
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interests belonging to Texaco Overseas Petroleum Company and Chevron.
Petroleum Company of Norway, which amounted to 507. Consent was granted
on condition that the parties undertook to drill two new éxploratory wells
and that Statoil's participation be increased from 10%Z to 20Z. 1In the

same way as for new licences, Statoil was not to pay exploration costs.

After having drilled the two exploratory wells the group requested

' that Conoco, Texaco, Chevron and Petroswede be allowed to transfer their

shares to the other companies. Consent was granted on condition that no

: drillihg operations be undertaken in the licensed area until a new operator

- had been appointed and approved. After this the distribution among the

licensees became: o /
- Deminex (Norge) A/S ',. ©75%
-~ K/S Pelican & Co. A/S _ 257
Oun 31 July 1977 Saga, Petroswede and Scandinavian Sun O0il A/S were
permitted to join the group, Saga being nominated as operator. After

this the division is:

- Den norske stats oljeselskap A/S 207

- Saga Petroleum A/S ' 167
- Deminex (Norge) A/S ) - 32%
- K/S Pelican & Co. A/S ‘ 47
- Petroswede Norway A/S 87

- Scandinavian Sun 0il A/S o 207

Licence 005

Union 0il Norge A/S has taken over a. 547 share in this licence, which
comprises blocks 7/3, 7/6 and 8/4, the original licensees (Amoco, Texas

Eastern, Amerada and Noco) having reduced their shares proportionately.

' The assignment was approved on 20 January 1977 on condition that Statoil

receives a 10% participation, that an exploratory well be drilled and that
the companies involved issue a general guarantee. Union O0il has taken

over as operator. After this the distribution is as follows:

~ Union 0il Norge A/S 54.0%
- Den norske stats oljeselskap A/S 10.07 : -
-~ Amoco Norway 0il Company - 10.2Z R S -
-~ Amerada Petroleum Corporation of Norway 10.2Z
- Norwegian 0il Consortium A/S & Co. 5.47
~- Texas Eastern Norwegian Igc. 10.2Z

Licence 036

An indirect assignment of participation in production licence 036
(block 25/4) has taken place. Sunningdale 0il Norge A/S holds a 3.875%

interest after Statoil had exercised its option for 40Z. The share
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majority in that company's parent company, Sunningdale 0il Ltd., Canada,
has been purchased by the Kerr-McGee Corp., USA. . This means that the
last-named company obtains control over the above mentioned participation.

The assignment has been approved on condition that Kerr-McGee Corp. issues

a general guarantee to cover the operations of Sunningdale Oil Norge A/S.

Licence 022

This licence was originally issued to the Murphy group in 1965.
On 30 September 1977 Norsk Gulf Production Company A/S was allowed to
aéquire-a 25.47 participation provided Statoil came in with 11%Z. Norske
Gulf took over as operator. The licence comprises blocks 2/3 and 3/5.

After this the distribution is as follows:

— Norske Gulf Production Company A/S - 25.4007
- Den norske stats oljeselskap A/S 11.0007
= Norsk Murphy 0il Company : 7.3007
- Wintershall Norge A/S 32.175%
~- Amax Petroleum Norge A/S , 12.3007%
- Norske Ocean Exploration Co. 7.3007

K/S A/S Polaris 0il Consortium 4,525%

Licence 025

Norske Hudbay A/S has acquired 15%Z of Norsk Hydro's share of this

licence, which covers block 15/3. After this the distribution is:

- E1f Aquitaine Norge A/S 43.6%
- Norsk Hydro A/S 19.67%-
- Total Marine Norsk A/S ' - 21.8%
- Norsk Hudbay A/S : 15.0%

Consent was granted on 11 August 1977.
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3.  “ACTIVITIES NORTH OF 62° N.
3.1 Geophysical,investigations

Long-term planning for the proper management of the resources
on the continental shelf makes it necessary to prepare a survey of
the possible scope and geographical location of the resources as
soon as possible. The government geophy51ca1, geological -and geo-
chemical surveye north of latitude 62 N for which the Petroleum
Directorate is responSLble are a stage in the prenaratlon of a

regional survey for this purpose.

As in 1976, the main emphasis of the geophysical surveys
in 1977 was in the Barents Sea. Minor surveys were also under—
taken west of Troms I, in Vestfjorden and along the Helgeland
coast. These investigations were mainly reflection seismic
surveys of the deep seismic type, although gravimetric and mag—
netic data were also recorded at the same time. A ground seismic

survey was alsc carried out within Troms 1.

The geographical distribution of the surveyé was as

follows: .

Helgeland coast and Véring Plateau 1,638 km
Troms I ‘ : 1,Q55 km
Barents Sea SN 7,188 km
Vestfjorden ' 449 km
Troms I {ground seismic) . 900 km
Total o ; 11,231 km

During the years 1969 ~1977 the state has carried out a total
of 63,000 km of reflection seismic surveys north of latitude 62 °x.

AS shown in Fig. 3A the average extent of the surveys carried out -~

by the Petroleum Directorate has been about 10,000 km per annum.
Since 1975 Statoil have been carrying out detailed surveys

in the areas that the Petroleum Directorate has suggested should
be open for further investigation. In 1977 Norsk Hydro and Saga

also participated with Statoil.

T T T
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- 3.1.1 The Helgeland coast and Véring Plateaun

The investigation covered 1,638 km of reflection seismic,
gravimetric and magnetometric surveys. The grid is concentrated
on the Traena Bank, but data were also recorded along three
profiles across the Véring Plateau right out into deep water
(Fig. 3B). Thé data were obtained and the seismic data processed
by a Ndrwegian company, Geco A/S. The data are now being
interpreted by the Petroleum Directorate and charts and reports

are being prepared.

»

s

3.1.2 Vestfjord

A few regional reflection seismic lines were surveyed in .
Vestfjorden in 1972 and 1973. However, the area ?resented
difficult technical problems and the profiles did not provide

sufficient information to form the basis for a survey.

Hevertheless, the results of the experiment irn 1976 with
long energy sources (see Chapter 8.4) were so favourable that it
was thought desirable to use this method for a systematic survey

over a limited area.

- Vestfjorden was considered to be a suitable area for.such
a survey and Geco A/S carried out a programme for the Petroleum
Directorate over 449 km in which long energy sources were used.
The grid is shown in Fig. 3C. As usual, gravimetric and magne to-

metric data were also recorded at the same time.

Geco A/S are now processing the seismic data and the
preliminary results show a distinct improvement in the data
compared with the previous surveys. However, until the data have

been processed and interpreted it is impossible to make any

forecast regarding the significance of the area for oil prospecting.

3.1.3 Barents Sea

Dﬁring the year a total of 7,188 profile kilometres of
reflection seismic surveys,®with simultaneous recording of gravi-
metric and magnetometric data, was carried out in the Barents Sea
on a grid that is shown in Fig. 3D. The survéys were carried out
by Geco A/S (1,520 km) and Seismograph Service Ltd (5,668 km).
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The purpose of the surveys during the year was to completg‘
previous grids, to survey the transitional zone between the
Norwegian Sea and the Barents Sea northwards to Svalbard and to
determine the geological conditions in the deep water immediately

west of the Barents Sea.

A small portion of the planned programme was postponed till

spring 1978 due to bad weather.

- 3.1.4 Troms I

With the existing grid within and immediately outside Troms
I it was not possible to define any closings on individual
structures in the eastern area of Troms I. Reflection seismic
surveys were therefore carried out over 1,056 km in this area.

Long energy sources were used (see Chapter 8.4) and the data were

“obtained by Geco A/S. The location of the lines is shown in

Fig. 3E.

~ In addition to this deep seismic survey, 900 km of ground
seismic surveys were also carried out with sparkers as the énergy
source. The grid is shown in Fig. 3F. The ground seismic data
are revealed to a better degree than the deep seismic details in
the more shallow strata. They often provide a useful sﬁpplement
to the deep seismic surveys with regard to geological interpret-
ation and also can often be used to survey possiblé shallow gas
pockets. Nowadays the oil companies in the North Sea usually
carry out ground seismic surveys in conjunction with the planned

drilling so as to avoid placing drilling locations over shallow

~ gas pockets, which may create problems duringnthe drilling. As

was mentioned above, from 1977 this has also been a practice

advocated by the Petroleum Directorate.

The Norwegian company, Geoteam A/S, was chosen to collect
and process the data. A small portion of the work (190 km) was

carried out for Statoil by the Petroleum Directorate.

3 : -
The data have not yet been processed and it is too early to

determine whether the method is appropriate for the Troms area.




 operations committee and the emergency committee.

""69'

3.1.5 Companies' surveys

~ Statoil have carried out detailed seismic surﬁeys in the
areas which have been‘open for;further petroleum activity north of
62 °N since 1975. The scope of these surveys was 12,100 km in
1975, 6,600 km in 1976 and 4,585 km in 1977, spread over the open

areas off Fére-Trédeldg and Troms.

-In 1977 a management commlttee, the Geophy31ca1 Superv1sory

Commlttee (GSC), was set up for geophySLcal surveys in Troms I.

- The members of this committee are Statoil, Norsk Hydro and Saga

and the Petroleum Directorate attended meetings as an observer.

The purpose of this committee was to coordinate the collection

~and processing of geophysical data in Troms I in 1977 on behalf of

its members.,

The result of this work was that a deep seismic survey was

carried out by GSC over 1,937 km in the Troms area. Of this

"1,670 km was in the centre of Troms I, while the remaining 267 km

was immediately east of Troms I in conjunction with the Petroleum
Direétoraﬁe's grid (see Fig. 3E). As a result of the Directorate's
experiment in 1976 (see Chapter 8.4) the whole of GSC's survey was

carried out with long energy- sources.

The total scope of the geophysical surveys carried out by the

companies north of 62 °N up to the present is shown in Fig. 3G.

A new committee, the Northern Operations Committee (NOC),
was set up in 1977 corresponding to the North Sea Operators'.

Committee in the North Sea. The members of this committee at

~ present are Statoil, Norsk Hydro and Saga. It has three sub-

committees: the geophysical and geological committee, the

* 3.2 Geological and geochemical surveys

In 1976 the Petroleum Dlrectorate carried out research on a
regional geological and geoch:@mical survey of the Barents Sea
based on an analysis of seabed tests. The purpose of these studies
was to attempt to combine data from the sea~bed tests with the
information on the area obtained by the Petroleum Directorate

from systematic geophysical surveys.

R R
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The 1976 sea-bed tests showed that such combination was
possible. The rock tests provided more information regarding the
age of the geo-seismic units and to some extent provided a
better basis for aSSPSSng the qualities of the rock as a source
and reservoir for petroleum. The geochemical anzlyses of the

hydro—-carbon. content of the clay showed that there were considerable

differences from area to area, depending on the structure of the

underlying rock,

On this basis the Petroleum Directorate took 530 samples

from the Barents Sea for geological and geochemical analyula in

1977 (Fige 3H). The sampling commenced on the banks off Trome: y
and Finnmark with M.V. "Stril Flower". ' The tests in the northern i%

and eastern parts of the Barents Sea were done with M.V. "Nordvarg".

Geoteam A/S were responsible for navigation and the Petroleum

Directorate for the technical sampling.

The results of the geochemical'analysis of the clay samples g

were available in December 1977 and they will be interpreted by

March 1978, The geological analysis of the rock material takes
longer, so that the combination of the geological and geochemical

data will not be completed before summer 1978. : ”%

3.3 Interpretation results
© 3.3.1 Mére-Lofoten

The main structural features that have been surveyed so far

off Mpre~Lofoten are shown in Fig. 3I. 7The contlneutal shelf

between 62 ON und Lofoten may be described as a pa531ve
continental margin, but thé various sections have undergone
diffarentlgeolagical<development. The area is considered to have

been an active sedimentation area since the end of the Caledonian

folding and sediments from the Devonian and subsequent eras may

be expected to be present.

The area of the shelf b etween 62 °N and 64 °n covers the

eastern part of the Mdre basxn (Fig. 3I) and shows a separate

basinc with a depth,increas;ng steadily as far as the various strata

off the coast. The only complicating factor in this picture is a

series of bedrock ridges under the western part of the continental




shelf. These ridges were all covered by the sea in the course of
the Jurassic and Lower.Cretaceous periods.  The ridges are not
connected and thus have not made any barrier that has prevented
the free circulation of the water between the areas inside and

outside the ridges, at least not from the Jurassic period onwards.

The area between 64 °N and Lofoten also has Upper Jurassic
and Lower Cretaceous strata. The ridges do not form a homogeneous
basin. In the transition from Lower to Upper Cretacecus there
was a remarkable structuring stage in Trfndelag and the Helgelaud
area. This disturbance in the earth's crust led to the formation
of the Nordland ridge and the Vega ridge, and the area was
divided in the Upper Cretaceous into various basins and ridges
which meant that sedimentation in this period was very varied in
this part of the shelf. Thus the area inside the Nordland fidge

was stable compared with the areas in the Mére basin, the Véring

basin and the Traen-Vestfjord basin, which sank more rapidly (Fig.

" 3I). The Helgeland basin was active during the deposit of the

Upper Cretaceous strata but the sinking was small compared with
those areas. Parts of the Nordland ridge were an erosion;afea

during the Upper Cretaceous period.

During the tertiary era the whole shelf between 62 °N and
Lofoten was part of a wide basin that was not véry structured.
The sinking was asymmetrical with large sinking in the west and

relative raising with consequential erosion in the east and north.
3.3.2 Barents Sea

The main structural features that have been surveyed so far

in the Barents Sea are shown in Fig. 3J.

During the past 300 million years the Norwegian part of the -

Barents Sea west of 25 °E and south of 75 °N has been a
sedimentation basin that has been sinking steadily. In the
middle of this basin there is a sub-basin running NE-SW, the
Nordkapp basin, which is co;gected with the Cretaceous movement.
South-east of this sub—basin‘there is a corresponding sub~basin,

the Varanger basin.

G S
SERTEN
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During the period from 300 to 150 mllllon yYears ago the area between

20°E and 25°E was a sedimentation area that was steadily sinking like the

~area further east. Mbvements in the earth's crust about 150 million

ears ago led to the formation of two sub-~basins, the Bjdrndya
¥y g :

basin and the Hammerfest basin, respectively pnorth and south of

a non-sinking ridge area called the Loppa ridge. A large ) s

Cretaceous prominence was observed in the north of this ridge area.

For the purposes of reglonal geolegy the area west of
longltua@ 20 g may be classified as a pass ive continental margin.
In this area there was considerable structuring cf the geological
strata up until 30 million years ago. The area may be divided
into three structural elements: the Harstad basin, the Tromsg

basin and the Senja ridge.

The geophysical surveys in the Barents Sea outside Troms I
VVVV are too approwimate to determine structures of the volume that

is required for petroleum reservoirs. It is therefore impossible
at present to speculate the limits of reserves on the basis of

structural magnitudes.,

- 3.3.3 Jan Mayen |

In 1976 the Petroleum Directorate carried out magnetic
surveys from the air in the Jan Mayen area. These measurements

were done and processed by the French company, Compagnie Genérale 4 ol

de Geéophysique (CGG). A scientific survey was also carried out

in the area in 1975. The French body, Centre National pour

‘1'Exploitation de 1'Ocan (CNEXO),obtained reflection seismic data.

These data have been interpreted and provide an important

contribution to our knowledge of the geology. There is also

_ the drllllng done by the Deep Sea Drl]llng Project in the Jan
. ' Mayen ridge.

The interpretation of these data has provxded considerable

: 1nformatlon on both the thickness of the sediment in the area and

details of the sedimentary dcposits. The area on the west flank

of the Jan Mayen ridge has only a thin covering of a few hundred

metres but on the east flank the thickness of the sediment “g

increases steadily and reaches more than 2 km.
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3.4 Aveas open for further petroleum activity

3.4.1 Mére~Lofoten

On the basis of the seismic grid, part of which is detailed,
that was available in 1975 the Petroleum Directorate recommended
that two small areas should be opened for further activity, six
blocks in Area I northwest of Romsdalsfjorden and seven blocks in
Area IT on the Halten bank (see 1976 report). All these blocks
meet the technical criteria of the Petroleum Directorate to a
sufficient degrees o

- geological conditions providing an opportunity for good

‘prospects;.

- various types of prospects to ensure continuity in the

activitys

~ a central geological location;

- a water~depth within the technological and safety limits.

' However, the choice of areas aroused strong opposition from
the fishing sector and discussions were held with the Central
Norway 0il Council regarding alternative blocks. As a result
of these discussions the Central Norway 0il Council gave its

approval im 1977 for six blocks to be opened for test drilling in

~ the north-western part of the Halten bank (Fig. 3K), stipulating

that only ome block could be drilled at a time.

hs a result of the surveys along the Hélgeland coast in
1977 the Petroleum Directorate selected an area on the Traena
bank that seemed to meet the criteria for further petroleum
activity. This area consists of twélve blocks with a total area
of 4,500 square kilometres (Fig. 3K). The area bas not yet been

discussed with the 0il Council or the fishing organisations.

3.4.2 Troms 1

At the end of 1976 only Statoil, Norsk Hydre and Saga had
purchased the geophysical *data for Troms I. In 1977, 35 foreign
oil companies were jnvited 'to purchase these data. -Atﬁi January 1978,
99 companies (including Norwegian companies) had acquired the

data: Statoil, Worsk Hydro, Saga, Esso, Conoco, Phillips, Mobil,
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: 3,5 Drilling activities on Svalbard

Total, Deminex, Arco, Gulf, Cities Service and Hudbay.

The sale of the data has brought in Nkr. 30,907,000 to the

Petroleum Directorate and the government.

These same companies have also been offered the experimental
line that was surveyed with long enmergy sources in Troms 1 in

1976 and geochemical data for the area. At 1 January 1978, four

‘companies had bought the experimental line and three companies

had taken thg.geochemical data. These sales brought in Nkr.

679,000 to the Petroleum Directorate and the government.

The 1977 surveys in the Troms area will be offered for
sale in the form of two data packages. One cqntains data obtained £
within Troms I and will be sold by Statoil. The other contains
data obtained immediately east of Troms I and will be sold by the

Petroleum Directorate.

3.5.1 Haketangen

Norsk Polarnavigasjon commenced work om a well at
Haketangen near Tromsbreen on 11 September 1976 (Fig.3L). The drilling was

interrupted shortly afterwards by technical problems and was not

- resumed until May 1977 after improvements ordered by the Petroleum

Directorate had been carried out. The drilling was terminated

for the time being on 20 Septembef 1977.1)

4. Scientific surveys and relase of geological material

- 4,1 Scientific surveys

At 31 December 1977 a.totai-of‘85'permits‘had.been granted for
scientific surveys on the Norwegian continental shelf. Table

VIII shows those granted in 1977.

These were mainly geophys'icai and geclogical surveys. Some
of them were continuations of surﬁeys begun in previous years.
Geographicélly the survey;mare spread over the whole of the
Norwegian continental shelg, from Skagerak in the south to

Svalbard in the north.

1) Translator's note: The Norwegian says 1976, but it is assumed

that this is a misprint.
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Permit

I1l. PERMITS FOR SCIENTIFIC EXPLORATION FOR NATURAL RESOURCES,
GIVEN PURSUANT TO ROYAL DECREE OF 31 JANUARY 1969

Name

Geophysics

Geology Biology

Area

079777

080/77

081777

082/77

University in
Bergen ) P
Barthquake Sect.’

Universicy in
Bergen
Geological Inst.
Div.B

Inst.for Contim~
ental Shelf x
Surveys

Inst.£f4r Geophysik
det universitat x
Hembhurg

North of Svalbard

Sognefjord and shelf
outside

Haltenbanken — Storegga -

Areas of More

Lofoten - Vesterdlen

083/77 Nederlands Imstitut North Sea and
voor Onderzoek Skagerak
der Zee ‘

084/77 Deutsches Hydro- v X North Sea and

083/77

graphisches Institut

University in
Tromse, Iust.of

Skagerak

The cshelf off Troms
and West Finnmark

Biology & Geology

A number of the surveys were deep seismic surveys of the
gsame kind as the commercial surveys. The most important
difference is that the results from the scientific surveys must

be published.

Tn addition to the formal permits for scientific surveys
the Perroleum Directorate has also permitted some scientific
institutions to carry out surveys partly extending into the

Norwegian continental shelf.
4.2 Release of gealogical material

The Petroleum Directorate may release‘geologiéal material
more than five years old. A survey is published every year
listing the wells that have been closed for more than five

9
years.

_ ) : :
This publication, "Well data summary sheet™, shows what

logs have been run and also provides a rough geological survey.

The Petroleum Directorate does not release the companies'
interpretations but it examines the material from the various

wells and pubiishes it in its own publication series, NPD Papers.

ot
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University in Bergen,
Inst.for Quaternary
Geology, Geomorphology
and Marine Geology

23 cores max. 2 m

beneath seabed

‘| Malgy blocks

35/3 and 36/1

University in Oslo,
Institute of
Geology

22 cores max. 3 m
beneath the seabed

Malgy blocks

TABLE IX. RELEASED SCIENTIFIC MATERIAL FROM THE PETROLEUM DIRNCTORATE
' GEOCHEMISTRY SURVEY
Institution Sample stations  Geographic Purpose
and type spread
University in Troms¢, | 64 core samples, max. |Continental |Samples processed for
Institute of 3 m beneath the sea- jshelf off basic research and
Biology and Geology bed Troms an results used both for
Finnmark theses and for long-

tarm scientific -
projects. Investigat-—
ions concentrated omn:

1} General quaternazy
geology

2} Quaternary litho
and biostratigraphy
3) Recent and sub—~
recent sedimentation
environment (marine

ceology)

University in Oslo,
Institute of
Geology

114 rock samples
from 60 stations.
18 parts of cores
from 18 statioms

Barents Sea

Palynmological >tud1es

University in Oslo,
Institute of
Geology

7 surface
samples

North Sea

World~wide investigat—
ion of micro flora and
fauna

University in Bergen,
Institute for Quater-
nary Geology, Geomor-
phology and Marine
Geology

221 seabed samples

Barents Sea

1larites

Investigation of radio-
and coccoliths

Institute for
Continental Shelf
Surveys

77 samples max.

3 m bensath the sea~
bed

Field data

Malgy blocks
and contin-
ental shelf
off Troms and

1) Testing of equipment

for geochemical prospect-—
g P

ing
2) Geotechnical evaluat=

Finnmark ion and grain distribut-
: ion analyses
3) Charting of surface
sediments
Norwegian Geo~ 16 core samples max. |Balder - Chemical and mineral=-
legical Survey 3 m beneath the sea- |Field in the logical investigations
bed North Sea
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TABLE X. INJURIES DUE TO FIRE

Injury(ies)

resulting Type of installation - Construct— Operation
from fire , ion phase phase

) ' a b
Injury and heavy material damage ‘ 0 0 0 . B
Injury(ies) and little or no material '
damage » : .2 0 0

- No injury, but heavy material damage 1 ' 0 0

No injury and little or no material '
damage 12 5 5
a — Cause of fire: construction work

b - Fire resulting from operations/

Total 15 5 5=25
operating accident '

At the end of 1977, 20 wells had been released and published

in 15 volumes (see list of publications in Part IV).

Seismic profiles are only released for areas that have been

i
3
‘u
i)

i
o

surrendered. However, individual oil companies have released

data for use in research and educational institutionms.

The material from the upper 2 to 3 metres of the.sea;bed

that was obtained during geological and geochemical sﬁrveys

carried out by the Petroleum Directorate itself has been released

to Norwegian research and educational institutions. Such material

has been given to all the universities and IRKU, NGU and the Polar

T ey, T

Institute. This material is listed in Table IX.

In view of the increasing activity in this sector the
Petroleum Directorate has. actively contributed by providing
material for both education and research. It receives all the

<
reports based on this material and issued by the research and

educational institutions. The,Directorate thus obtains valuable

S AT A, AR L
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information and its technical staff is strengthened by this
extensive contact with those institutions. This contact is
formalised through annual meetings between the Directorate and
Norwegian and foreign scientific institutions that are working
on the Norwegian continental shelf. At these meetings the
institutions present both results from the preceding year's

work and plans for future work.
4,3 Surveys and work commissioned from other institutions

Sometimes on the initiative of the institution and sometimes
at the request of the Petroleum Directorate, geclogical and geo-
physical institutions carry out surveys that are supported

finaucially by the Directorate. In 1977 Nkr. 1.65 million was

~granted for such projects.

The surveys are all clearly connected with the tasks of the

Directorate. In many cases the work is so specialised and detailed

"that it cannot be done by the Directorate itseif. Moreover, this

type of work serves to maintain and develop active research,
which is necessary for the proper training of personnel for the

oil sector.

In 1977 support was given to the following fifteen projects:
- The preparation of a contour map and automatic methods for the
interpretation of magnetic aerial survey data obtained dufing
1973, 1974 and 1975 by the Norwegian Geological Survey.
- Geophysical surveys on the Norwegian continental shelf for
charting the larger structures in the earth's crust carried out

by the Bgrgen University Earthquake Staticn.

~ Seismic and magnetic surveys on the continental shelf carried

out by the Bergen University Earthquake Station.

- Processing of marine geophysical data from the continental -

margin and extension of the Marine Geophysical Data Library,
Oslo University Geological Institute.

- Geophysical surveys in the Svalbard area, Norwegian Polar
Institute,

- GeoLogical studies of well core material from the North Sea,

Bergen University Geological Imstitute.
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- Geological surveys in Svalbard, Bergen University Geological
Institute.

- Measurement of the speed of sound and gravimetry in rocks in -

- Svalbard, Oslo University Geological Imstitute. k

-~ Survey of sedimentation conditions in a fjord area and out

on the contiﬁental shelf, Bergen University Geological
Institute. ‘ | '

- Survey of sediments and sedimentation conditioms on the
continental shelf and out in deep water, Bergen University
Geological Institute. ‘ '

- Palynological surveys of geological material from the Barents

- Sea, Oslo University Geological Imnstitute.

- Sedimentation conditions in the large oceans, Oslo University
Geological Inmstitute. ’

- Detailed studies of Jurassic rocks from the Norwegian-Danish
basin, Oslo University Geological Institute.

-~ Sedimentation conditions on the gontineﬁtal shelf off Troms and
Vest-Finnmark, Tromsg University Institute of Biology and

- Geology.

~ Micro-palaeontological studies (radiolarites and coccoliths)

from sea~bed samples taken from the Barents Sea, Bergen

University Geological Institute.

"5. Safety éontrol

. 5.1 Co-ordination of control activities

~ In accordance with the regulation for co~ordinéted control
activities issued by the Departments of Industry, Environmental
Protection and Social Security of = 24 .January 1977, a contact
committee was appointed for control activities. The committee
consists of représéntatives of all the control bodies to which
authority is delegated to exercise supervision regarding the
design, construction, installation and operation of production
plant, pipe-line systems anhd tanker loading instaliations that are
located in a permanent posi%ion on the Norwegian continental shelf.
The following bodies are tepresented: the Shipping Directorate,
the Telecommunications Directorate, the Coast Directorate, the Directorate

of Civil Aviation, the State Pollution Board, the Health
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Directorate and the Petroleum Dlrbctorate.

The task of the committee is to dlscuss the theoretlcal
aspects of control activities. An annual report will be prepared
" for each project covering the control areas of the relevant body

and other experience obtained.

The reguiatlon lays down guidelines for the practical
execution of the co-ordination activities. There is to be dlrect
contact between the licensees and the control body and the control
body may carry out any checks or inspections that it considers
necessary. The Petroleum Directomate will be kept informed of tke
inspections carried out and of any instructions issued to the

licensees,

The Petroleum Directorate will approve the main plan and
grant authorisation for the operation of each installation on
behalf of the duthorltlea who are reapon31ble for coentrol on the
continental shelf. Methods have been laid down to strengthen the

contact with those authorities.

Approval is granted for the operatiom of living accommodation,
production drilling, petroleum production, pipe-line systems and

tanker loading installatioms.

The control authorities may engage consultanté to carry out
the detailed inspection of installations. However, the formal
authorisation will always be issued by the public control

authorities.

The authorisations mentioned above will not be'granted unless
there are satisfactory emergency plans. Examination of these
plans and the establishment of approval criteria are an integral
part of safety control. Such control will ensure that the ‘plans
covering manning, vessels and equipment are operable both durlng

practice and in real emergencies.

2

g

The Petroleum Directorate is now preparing a collection of

5.2 ,Régulations

the regulations issued in accordance with the Royal Decree of

9  July 1976 and other regulations. The Directorate has
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RS

et an- ot v MmN O




. i
&1
R A ST it -

o~ e e ot s et it i A S RS : bl ;

L

connection by helicopter or amother approved method.
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. The location and design of accommodation must be approved
by the Petroleum Directorate before the construction work commences.
The Directorate must make a final inspection and grant final

approval for its use before the accommodation is occupied.

It is expected that the regulations will be brought into
force at the beginning of 1978.

5.2.8 Regulations for the transfer of persomnel to and from

production installations, etc.

Personnel must be transferred between land and an

installation or between installations without a permanent bridge

In cases where such a transfer cannot be made and the
transfer caunot be postponed for reasons of safety of the personnel
or the installation, the transfer may be made by meamns of an

approved ‘bosun's chair’®.

Such a transfer may also be made where special reasons make
it necessary or reasonable. The Petroleum Directorate must be

informed immediatély of such a situation.

The regulations give guidelines regarding the equipment
that must be used and contain rules to be applied to the use of

bosun®s chairs.

It is expected that the regulations will be brought into
force at the heginning of 1978.

5.2.9 Regulations for walkways, staircases, ladders and

guardrails on production installations, ete.

The Directorate has decided that it is necessary to adopt
detailed regulations regarding means of access. ‘These provisions
are now being discussed and it is expected that they will be
brought into force during ‘the first half of 1978. '

i g o
5.3 Qualification requirements

In order to achieve greater safety the Petroleum Directorate

has decided that it is necessary to lay down certain requirements

regarding the qualifications of some personnel on the platforms.




5.3.1 Qualifications for management staff on fixed installations

The qualifications requiredvfor pefsonn&l'on floating
drilling platforms were laid down by the Shipping Directorate
on 28. February 1975.

The corresponding reqﬁirements for personnel on fixed
installations have not yet been finally determined. The
Petroleum Directorate has set up an internal group that is
working on this probiem.' The group will produce a proposal early
in 1978. On the basis of this work and any comments that may
be received, the Directorate considers that the qualification
requirements for managementlpérsonnél‘qn fixed platforms can

be brought into force in 1978.
‘ i .
5.3.2 Qualification requirements for electrical specialists

In a letter of 14 October 1976 to the oilicompaniés and tﬁe North

' Committee the Petroleum Directorate made the

Sea Operators
provisions in the Royal Decree of 19 September 1975 applicable to all
fixed installations on the continental shelf. The qualificétion
requirements apply to electrical specialists and are initially
restricted to shift foremen, electricians and fitters of Grades

L and H. The requirements came into force on .1 January 1977, with

reasonable access to exemption up to the end of the year.

These provisions entailed a lot of extra work for the
Petroleum Directorate in this field and a lack of trained
personnel has made it difficult for the oil companies.to comply
with the raquiréments in the Royal Decree of 13 September 1975 to the
full. It was necessary to lay down these requirements so as to
achieve a satisfactory degree of safety on both‘workplaces'and
installations, . ’ . j -
5.3.3 Qualification requirements for drilling personnél

s
The qualification requlrements laid down by the Petroleum

Directorate for drilling teams are in accordance w1th.the manning
provisions for floating drilling vessels. Since few employees
fulfil those réquirements it has been necessary to grant a series
of exemptions, The evaluation of the qualifications of

individual employees has proved very time-consuming.




5.3.4 Qualification requlrements for crane dllVb

The qualification requirements for crane drivers are

5

included in the Regulations for Cranes issued by the Divectorate
on 25 May 1955.

5.4 Electrical installations

The supervision of electrical installations is based on
“the'Ranl Decrea of 9 “July 1976 and the Delegation Dacision
of the Mlnlstry of Industry of 12 July 1976.  Various foraign
provisions and standards have been used as guidelines for this

work, and this has made it more time~consuming.

The Petroleum Directorate has put in much work on the
supervision of the design and comstruction of the elactrical -
installations in the Ekofisk, Statfjord and Frigg fields. Seven
new platforms have been under construction in the Ekofisk field
and major modifications have been carried oul on six or seven
other platforms. The supervisory work on Statfjord A has been
time-consuming. The electrical installations on that nlatform

are extensive and complex and difficult to inspect.

As the electrical installations come into operation on the

platforms the operational checks will take up an increasing

proportion of the supervisory capacity. This is a natural
development and in the years ahead this work will ﬁava a high
priority. During the year much work was put in on operational
checks on the Ekofisk installations. All the elecirical
installations there had at least one inspection. The

rectification of defects discovered still takes a fairly lon

@

time, but there has been some improvement in this respect.

The checks during the design and construction stages are
carried out with the aid of consultants. The main consultants
have been Det Norske Veritas, but the Electricity Board's rescarch
institute has also been used. The operational checks have been
carried out by the Petroleum Directorate's own staff, without

any appreciable outside assistance.

In addition to its supervisory activities the Dirsctorate
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has also provided advice and information to promote the highest
possible degree of safety in the use of electrical installations

on the platforms.
5.5 . Production and auxiliary systems

During the year the Directorate has exercised extensive

supervision at the design, construction and operational stages.

The basis for this work has been the draft of the
Regulations for Production and Auxiliary systems etc. in

internal Norwegian waters, the Norwegian 'sea territory and the

‘portion of the Continental Shelf under Norwegian jurisdiction.

This draft was revised twice in 1977 and it is expected that
these provisions will be adopted definitively at the begimning
of 1978. Accepted standards and guidelines in specific fields,

e.g. the construction of pressure vessels, have also been used.

In connection with design control, large quantities of
drawings, specifications and other documents are received from
the licensees and examined by the Petroleum Directorate. Some
of the design monitoring is carried out by consultants, but most

of it is done by the Directorate's own staff.

With regard to construction supervision, the converse applies.
The main consultants have been Det Norske Veritas, while the
Directorate's inspection of construction sites has been more
sporadic. Operational checks have been made exclusively by the

Directorate's own staff.

Much experience has been gained during the year of
operational supervision and the instructions for the routine
checks made by the Directorate's inspectors have been subjected
to continuous appraisal. Important safety systems, such as
emergency cut-out systems and fire precautions, have been checked

at least twice during the year on all installations in operation.

The supervisory work has also included the scrutiny of
maintenance routines and operational procedures. This work will
continue in the future and routines and procedures will be

adjusted as new experience is gained.
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Replacement and improvement of equipment has been initiated
on. some older installations so that it may comply with the present
provisions, e.g. better flreflghtlng equipment on hellcopter decks

and fireproofing of emergency generators and fire-pumps.

In addition to the supervxsory work the Directorate has also
pr0v1ded advice and information in con;unctlon with the licensees

and Norwegian 1ndustry in general.
5.6 Workers' safety and working env1ronment

The safety of workers amd the working environment have been
amqng the main fields of the Directorate's activities. Its work
in this area has been confirmed by the entry into force on 1 July
1877 of the Provisional Regulations concerning the Safety of
Workers and the Working Environment in connection with exploration for
for and exploitation of underwater petroleum deposits. The
Directorate is responsible for the lmplementatlon of these

provisions,

The Working Enyiromment .Act . which replaces the
Regulations concerning the Safety of Workers of 9 July 1976
has laid down a series of new criteria as the requirements for
creating a good working environment. Its scope is comprehensive
and it will take some time before these .new requirements are
satisfied. Both employers and employees have expressed a wide
commitment to the new legislation and this has already taken
concrete form. However, great attention must be given to training.
Prcgress-has been made, in particular, with tke work done by the
workers' safety and working environment committee, even though
at.certain stages in the development of an installation it is
difficult to get. everything operatlng satlsfactorlly at all

times.

The Directorate has had a close and confident collaboration
with the parties in the petroleum sector and the other supervisory
authorities invelved to establlsh the best possible conditions for

the performance of its tasks under the new statute.
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5.7 Control of diving operaticns

Diving operations are carried out in comnection with test-
drilling, production drilling, pipe-laying, the installation or
removal of underwater production wells, construction work and
underwater inspection work. The volume of diving operations

increases steadily as activity moves out into deeper water. Six

Horweglan and a number of foreign diving companies are operating

on the Nowwegian continental shelf. The diving operations are
carried out from fixed installations, floating drilling platforms,
diving vessels, barges, etec. Underwater vessels are also being
used to an inecreasing extent. The Norﬁegian companies now employ

about 400 divers.

Various methods are used for diving, each requiring its
own special technique, depending on the type of work and the
depth at which {fhas to be done. The extremely advanced techniques
used nowadays in the North Sea make great demands on divers. It
is considered that it takes several years of training to become a
skilled diver.

The Directorate of Labour Inspection has formal responsibility
for diving activities. However, it was decided in 1977 that this
responsibility should be transferred to the Petroleum Directorate

during the first quarter of 1978.

A separate section will be set up in the inspection
department to perform this function. It will comsist of five
persons and, in addition to the technical personnel and diving
specialists, will include a doctor to deal with medical pioblems

connected with diving.
5.8 The blow=ocut on the Danish shelf

A blow-out éccurred on Friday, . 14. October 1977, at 11 a.m.
on the Danish shelf in the Vagn I well belng drilled with
the Maersk Exnlorer, which IS a telescopic rig. The well had
been drilled down to 1,222 m and 9 5/8" line-pipe had been
inserted to 1,218 m. When the line~pipe had ‘been cemented it

was suspected that there was something wrong with a circulation port in

the line-pipe close to the seabed. . It wds therefore decided to take
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up the portion of the 9 5/8% 'line,~pi§e above the port.and it

was during this work that the blow~out started. What came out

of the well, was mainly gas, water and sand. It came from a
shallow gas pocket at 550 m in a porous, almost unconsolidated
sandstoné»of the pliocene age. The mixture of gas, water and sand
flowed up on the outside of the 95ﬁ?fliﬂ&;Pipe and into the pipe.at
the circulation port.. -~ - The gas ignited after aboutbés minutes

and the heat melted the drilling tower so that it collapsed

after two hours. The fire was extinguished at midnight on Friday,

but the blow-out of water and sand continued until 24 November; - ¥

when it ceased spontaneously. There was no loss of life.

After a request from the Danish authorities both to the
Ministry -~ of Industry and direct to the Petroleum Directorate for
assistance, it was decided to.send a geologist and two drilling

engineers from the Directorate. They went to Denmark in the

evening of the day on which the blow-out started and assisted the

Danish authorltzes during this initial perlod.

The Petroleum Dlrectorate was SLbsequently asked for
assistance.dur;ng the important stages of the shutting down and
safety operations. It provided from one to three men, particularly

during the approval of the programme for the relief well, maritime

-declaration and approval for the final plugging and securing of

Vagn I. During the'period when the Petroleum Directorate had
no .personnel in Denmark it was kept continuously informed of

the progress of the work.

The experience obtained from this collaboration with the

Danish authorities was extremely useful, since there are shallow

. 8as pockets on the Norwegian shelf as well. The experience gained

during the work to suppress the blow-out was alsc very valuable,

as it was the first time that the Directorate was able to follow

the daily progress during the drilling of a relief well.
5.9 Damage control and sea~rascue training

The Petroleum Directorate examined the plans submitted by

licensees for fire and rescue training. These plans appear to be

. good, but their implementation will be severely limited by the
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lack of facilities for practical training in this sector in

Norway.

The problem was raised by the trade unions' co-operation
committee on the installations with the fgsult that a committee has been
set up by the Ministry of Church and Education to examine the possibility
of intensifying the training at the Academy of Damage Control and Sea
Rescue in Baugesund. The Petrcleum Directorate is represented on this
committee. However, this alone will not provide a complete solution

as it will take time to effect in any event.

It seems clear that some provisional scheme is necessary

.to meet the acute need. It may be possible to utilise free

capacity at the existing fire protection facilities in Bergen,

Horten/Croftholmen and something may possibly be done in Haugesund.
5.10 Fire damage

The Petroleum Directorate recorded a total of .25 fires on
fixed installations in 1977. Seen in relation to the number of

installations (23), the number of workers involved (6,000 to

9,000) and the high activity on the continental shelf, the

installations come out well compsred with corresponding industry
on land. Moreover, the feporting procedure has been so developed

that it includes literally every outbreak of fire, which is not

_ the usual practice on land.

Table X shows the fires in respect of which the Directorate
has received reports in accordance with the Attorney-General's
regulations. The two cases where there was personal injury

involved slight(burns to the hands.

5.11 Burial of pipe-lines

In order to protect pipe—limes from the effects of the

.current and external mechanical effects and to prevent conflicts

with other users of the North Sea it was decided that pipe-lines

must be buried. The requiremggts for burial are as follows:

=~ 1 m in open sea (1 m between the top of the pipe and the
natural level of the sea~bed); '

= 3 m in coastal waters to a water depth of 50 m; .
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-3m around platforms out to about 3.2 km (2 miles) from an
isolated platform and out to about 8 km (5 miles) from a platform

complex,

It was found that great problems arose in fulfilling the
original requirements in full, particularly in the case of large

plpenllnes.

The burial results are considerably better with regard to

the smaller pipe-lines where there is a greater danger of serious

damage being caused to the pipe-line by external effects. This
is due to the fact that these are much shorter and that they are

"buried in fairly uniform loose soils.

With regard to the larger pipe~lines which pass through
areas with varying loose soils,; burial and coverlng has been
satisfactory in some areas. The most recent checks showed that

the covering of pipe-~lines is steadily improving.

However, these checks also showed that pibe-llnes were unsupportad
in places. This was found mainly where the sea~bed is hard but
with local variations so that the dredging hoses have washed away
considerably more loose material in the softest areas. A trench
was found with large local variations in its depth. The pipe is’
supported in the shallowest areas of the trench but unsupported
spans may occur in between. All such large spans (over 25 m)

have been improved by means of sandbags..
5.12 Record of injuries

All personal injuries are reported to the Petroleum

Directorate according to a fixed procedure. The police and the

Directorate are notified immediately by telephone of serious
industrial accidents and fatal accidents. Representatives of
both authorities investigate the accident. A detailed report is

also required from the employers.

2

5.12.1 Industrial accidents 1977 (1976)

Table XI shows the industrial accidents reported to the
Directorate in 1977 (1976) which caused absence from work or had

fatal consequences.
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‘ No account is taken of the length of sbsence and the table’
does not provide a basis for direct comparison with statistics.
for other sectors, as these are usually based on absence of at

least 11 days.

Eight back injuries in 1977 and eight in 1976,~which are
included in the figures, . are not normally eligible for class—
ificétion "as industrial injuries for the purposes of the

Social Security ‘Act,  °

The table covers industrial accidents on fixed installations
on the Norwegian continental shelf and fixed installations
connected with the pipe-lines to Teesside, England, and Emden,

West Germany.

The basis of the figures is the industrial injuries reported
to the Directorate by employers. An industrial injury is
defined as an injury or illness caused while working at the

workplace during working hours.

The table covers workers of all categories and nationalities
and all stages of activity within the sector on the installations

defined above.
5.12.2 Fatal accidents

There were two fatal accidents on fixed installations in
1977. One occurred in connection with the-operation of a crane,
The crane fell into the sea when aicasewhich was being lifted from a
supply ship got caught in the ship. - The other fatal accident
occurred when a worker fell to a lower level during comstruction

work.

On _ 24 . November 1977 twelve persons were killed when a
‘helicopter crashed into the sea on its way to the Fkofisk field

from Stavanger.
5.12.3 Industrial accidents in general

The increase in reported industrial injuries from 213 in-
1976 to 287 in 1977 was due to the increase in activity in- the oil

sector. This increase covered in particular work on new
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installations in all fields. The figures for 1977 cover a total
of about 6,000 to 9 000 persons who are regavded as working om
the fixed lnstallations, The large variation in the number of
workers is due partly to the increase in activity during the
year. Provisional figures indicare that about 7.9 willicn hours

were worked on the installations in 1977.

The picture is dominated by four causes of injury: hand

tools, falls to a lower level, falls at the same . level, and 1if Lin

&

and carrying. Falls to a lower: leveliwere clearly the wost
important and this is confirmed by the fact that three of the
four fatal accidents that occurred during the past two years were

in th:.s category.

Three parts of the body seems the most exposed: eyes,
hands/fingers and feet. This is partly due to the many gimultan-
eous operations, crowded working conditions (a large number of
workers), varying weather conditions and extensive construction

work.

o
In general it may be said that the number of injuriss can

certainly be reduced with better arrangements at the workplace,

better organisation, planning and execution of the work and

_ greater vigilance by the workers themselves.

The organised prctectxon service provided by the working'
environment committee and the safety committees and the
co-operation of the employees' organisations already saem to have
strengthened .self-supervision, which is a good sign for future

progress in the fight against industrial injuries.
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6. Other  controt. - ' | —

6.1. MANAGEMENT OF RESQURCE UTILIZATION (CONSERVATION)

Report Wo. 2 of the "Committee for drawing up draft safety
reguldtioni. .. on production facilities and equipment for pipelines and
storage plsnt on the seabed, and Rules for exploitation of oil deposits"
(The Vogt: Comeittee), was submitted by the Department of Industry to the
Petroleum Act Committee in order to determine how further work on the

I3

specificaticus must adapt to the new Petroleum Act .

As was mentioned in the previous Annual Report, management of the

petroleum resources is . based-on the existing legislation,. pending enactment of the

Petroleum:Bill, The Petroleum Direcctorate has however noted a major need
for stricter directives as regards implementation of the current Acts and
Rules. In this conmection the Petroleum Directorate has formulated draft *
regulations ¢ on proper petroleum resource exploitation. This draft

has been circulated to the licensees, industrial organizations, and the
public authorities concerned, for comment by the beginning of January 1978.
The Petroleum Directorate hopes to implement the regulations soon after:

comments are received from the parties concerned.

6.2. CONTROL OF HYDROCAREGON QUANT?TIES PRODUCED

The control of the oil and gas quantities produced is based on both
shore metering and metering of the finished products sold at the shore
terminals., The former measurements are undertaken for calculation of the
royalty and the individual yields of the production areas. The finished-
product measuvements relate to sales for which the Petroleum Directorate has

a control: function in connection with determining Company income. - -

The controls cover zll stages of exploitation of a production area,
i.e. control of development . --of the measurement systems at the planning
and construction stages, control of the testing of the systems prior to

use, and control of maintevance and operation at the operational stage.

External consultants and laberatories were employed to a certain

extent as additional aids in specific instances.
- 2

The technical measurement control was carried out at the operational
stage in the Ekofisk phase II. Control was also undertaken in connection

with the start cf operation of the Ekofisk phase IIT systems.
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The operational control and the routine tasks in connection with the

start of operation, were effected by the offshore inspectors of the
Petroleum Directorate. The offshore inspectors,‘as earlier, are personnel
employed by an external specialigt measurement firm. This firm works for
Vthe Petroleum Directorate on a contract basis. The Petroleum Directorate
will arrange for its own persomnel to undertake this work in 1978. The

control of the operation of the sales measurement systems in Emden was

' undertaken insofar as the 1977 personnel situation permitted this.

The control of the development of the Frlgg offshore measurement
syatem, and the trials and operation of the measurement systems at the
Frigg shore terminal, were very comprehensive, and were undertaken in
conjunction with the British authorities. The follow-up work was
complicated somewhat, because it was decided that the gas from the Piper
area on the British continental shelf would be brought ashore via the same
transport facility as the Frigg gas. This means that the Petroleum
Directorate also has to recognize the Piper gas measurement p01nts, since

the Plper gas will be mixed with the Frigg gas.

The control of the development of the Stathord and Murchison
measurement systems was also undertaken in conjunction with the British
authorities. This collaboration was based on the finding that the

unitization agreement would rum along the same lines as for Frigg.

The measurement systems in Teesside, just like that in Emden, were
already installed and partly assembled when the Petroleum Directorate
was put in charge of its control. The 1977 work on Teesside involved
evaluation of the design of some of these systems and participation in
their trials. So far as continuation of the work on the Teesside
measurement systems in 1978 is concerned, the Petroleum Directorate
believes that it will have to make large-scale use of external consultants.
This is nmecessary from both the technical and the work capacity

viewpoints.

Efforts” in 1977were based far more on operation factors than
in the previcus year. This was due to the commencement of gas supplies
ffdm Frigg and ‘Ekofisk. The need %gr an increase in personnel became
apparent because of the work on opéfational control. The authorities
accepted the consequences of this, and seven new posts were created in
the measurement sector for 1978. This increase in the personnel in turn

resulted in the need for reorganization of the measurement function, so that

‘Qt/c‘l




a special section has been set up for this work in 1978. oo

The Petroleum Directorate, in connection with the measurement
system specifications, emphasized the need to follow up the work being
carried out by the International Standards Organization, and it is now
a member of the ISO subcommittees. The Directorate will also participate
in an inquiry intoc oil metering technique arranged by the U.K. Institute
of Petroleum. This inquiry is due to commence at the turn of the year
1978/79.

6.3. CLEARING OPERATIONS ON THE SEABED

In the autumn of 1976 the Petroleum Directorate carried out two
seabed investigations on abandoned drilling sites of nine different

operators.

©

On the basis of the first investigation Esso and ELf were asked to
clear the sites studied. These companies were also asked to inspect all

their other drilling sites and if necessary to clear them.

On the basis of the second investigation the companies Amoco, Conoco,
Shell, Phillips, Statoil and Murphy were asked to imspect all their

drilling sites and where applicable to clear these.

The companies asked to undertake further investigations and clearing
operations, carried out varying proportions of this work in the course of
1977. In addition, Mobil on its own initiative investigated and cleared
its drilling sites. It is expected that only Esso and Mobil will be
found to have completed the work concerned. The other companies will

continue the work in 1978.

All the companies elected to make the initial study of the sites
with the aid of side-looking somar. Data from this typs of study yield an
acoustic picture of the seabed. Interpretation of the sonar recordings
gives an indication of whether any objects have been left on the
seabed. In many cases it will be difficult to distinguish between rock

and waste from the drilling operations, but the method is considered very

‘useful in delimiting the area which might have to be studied by means of

other equipment. g
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The companies then considered the advisability of further operations
on the basis of the sonar recordings. In certain cases these recordings
showed that the seabed was éo clean that no further operations were
raquived. In other cases it proved necesséry to proceed with a visual
ingpection or direct clearing. The visual inspection was carried out by

reacs ¢f manned and unmanned underwater vessels, and the Petroleum

s
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irectorate required submission of a copy of the video tapes from such
studies. The clearing was done by using divers, a trawl, or a submarine
with wanipulators. Divers had to be used whenever it was found that the

entire wellhead or traces of this were still in place.

In the course of the inspection and clearing work by the oil companies,

gas leaks from various wells were detected. At the request of the
Petroleum Directorate, gas samples from these leaks were analysed, and
reports were dirawn up concerning their assumed causes, origins, etc. All
the reports concluded that the gas comes from gas pockets in the bed and‘
that they are probably due to formation of fine channels in the cement "
arouand the‘outer pipes. According to the marine biologists the leaks do
not endanger sea life or constitute pollution. The Petroleum Directorate
will request a fresh inspection on site in 1978, to see whether the

situation has altered.

Divers' certificates are available for all the areas, to the effect
that the seabed is clean. In several cases the divers reported that the
wellhead had been blown up, whereas subsequent inspection showed it to be

intact and without any trace of any attempt having been made to blow it up.

With only occasional exceptions however, it would appear that there
has been a definite improvement from the first drillings to the present-day
~operations. The Petroleum Directorate has also intensified its control
and requires a sonar investigation after completion of drilling, in

addition to a fairly detailed examination by divers.

The reports received by the .Directorate -show that the companies and
the crews of the drilling rigs are now more alert to the danger of

4
negligence and take greater care as regards objects thrown or "lost"
g

overhoard.
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Royalty and fees paid to Petroleum Directorate

9 ° 1 . ROYALTY . .
The total payment in 1977 was kr. 651,005,493.23 royalty on oil,

broken down as foliows:

Quarter . Amount
. 2

kr. 190,405,066.27
kr. 216,358,782.67
2nd quarter of 1977 kr. 128,324,157.01
3rd quarter of 1977 _ kr. 115,917,487.28

lst quarter of 1977

kr. 651,005,493.23

In 1978 the Petroleum Directorate will collect royalty on both oil
and gas. The oil royalty will be based on the oil production in the
Ekofisk area, while the gas royalty will be based on the Ekofisk area and

the Frigg'area. The Norwegian share of the Frigg area is set at 60.827%.

The 1977 accounts were based on the norm prices.. . However it was
not found possible to set a norm price for the 3rd quarter of 1977

and an adjustment will be made once the final nOorm - price is known.

9.2. FEES FOR LICENSED AREAS

The Petroleum Directorate collected kr. 61,624,300.00 in such fees.

The breakdown is as follows:

licences issued in 1965 kr.48,080,500.00
licences issuad in 1969 , kr.11,793,600.00
licences issued in 1971 kr. 353,700.00
licences issued in 1976 kr. 952,500.00
licences issued in 1977 kr. 444 ,000.00

Total ' kr.61,624,300.00

@
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9.3. FEES FOR RECONNAISSANCE LICENCES

The Petroleum Directorate issues reconnaissance licencesacco:dingtﬁttHEirules
of Chapter 2 of the Royal'Decree,ofészétémber 1972.

The reconmaissance licences are issued for a period of three
calendar vears, but before the licence can be issued advance payment of
a fee of kr. 20,000.00 per calendar year is required. The Petroleum

Directorate is responsible for collecting these fees.

In 1977 fees were paid for a total of 12 licences.

9.4, APPORTIONMENT OF CONTROL COSTS

The following sums were paid out on technical and safety controls.

Breakdown of costs:

Norske Veritas . kr. 34,077,600
Mr. A. Aas~Jakohsen kr. 1,625,500
The Otter Group , o kr. 2,434,000
Lloyds - kr. 143,600
Geoteam A/S _ kr. 933,000
kandinavisk Kontroll A/S kr. 352,300
Otherg : kr. 65,400
Petroleum Directorate internal control  kr. 934,600.
Total - kr. 40,566,000

This sum will be covered 100% by the licensees. -

The total sum pald in by 31st Decewber, 1977 was-kr. 42, 037 500
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