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PREFACE

The Norwegian Petroleum Directorate shall contribute
to creating the highest possible values for society from
oil and gas activities, founded on a sound management
of resources, safety and the environment.

It is therefore most important that the Directorate
maintains an overview of, and assesses, the activities
of the petroleum industry and the petroleum resources
on the Norwegian shelf. This forms an important basis
for appraising the most efficient ways of exploring,
developing and recovering these resources.

The Norwegian Petroleum Directorate has unique
access to facts regarding the activity, and compiling
thisinformation in a coherent and lucid manner helps
to ensure that major and minor decisionsin the
petroleum sector are taken as far as possibly correctly.

This report presents an updated survey of the
petroleum resources on the Norwegian shelf.

Stavanger, June 2001

G 53

Gunnar Berge
Director General
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INTRODUCTION AND SUMMARY

In this report, the Norwegian Petroleum Directorate
presents an estimate, updated to 31st December 2000, of
the total petroleum resources on the Norwegian continental
shelf and forecasts for the future trend in the petroleum
production, together with expentiture and environmental
emissions. The Directorate points out, here, that explora-
tion, development and operation are to alarge extent con-
trolled by future possibilities for gas sales. The challenges
regarding continued success in improving recovery are,
moreover, examined. The report provides abasisfor a
debate on future developments in the petroleum sector in
Norway, since it examines the possibilities and limitations
within the home market.

The updated estimate made by the Directorate for the total
petroleum resources on the Norwegian shelf is 13.8 billion
Smé oil equivalents (0.e.). These resources are the sum of
the discovered and undiscovered, recoverable resources,
including quantities that have already been produced, and
are made up of 6.1 billion Sm? oil, 7000 billion Sm* gas and
0.7 billion Sm?® o.e. of condensate and NGL. The remaining
recoverable resources are assessed at 10.8 billion Sm® o.e.
The estimate of the total resources has risen by 0.4 billion
Sme o.e. from the estimate made last year. Thisis dueto an
increase in the resources linked to oil fields that arein pro-
duction and arise in expected gas resources in both disco-
veries and undiscovered resources.

Thetotal resource base (recoverable ail, gas, NGL and con-
densate) has shown a positive trend over the last ten years.
The estimate for the total recoverable resources hasrisen

by more than 60 per cent since 1990. Developments in tech-
nology which have helped to increase the production of
discovered reserves are the main reason for this. The up-
ward adjustment of the estimate for undiscovered resources
is another important reason for the increase in the total
recoverable resources. The remaining recoverable resources

now make up as much as the estimate for the entire resour-
ce base in 1995. We have produced 1.4 billion Sm* 0.e
during these six years.

Large quantities of undiscovered oil and gas resources
remain on the Norwegian shelf. The North Seaiis the best
explored part of the Norwegian shelf. A natural trend in this
areais adeclining growth in resources and size of discove-
ries. However, the frequency of new discoveriesis till high
viewed in an international context. One reason for thisis
improved expertise and technology in acquiring, processing
and interpreting seismic data. The growth in resources over
the last ten years has been greatest in the Norwegian Sea. A
number of substantial discoveries have been madeanditis
expected that future exploration will also reveal major dis-
coveries. The resource calculations made by the Directorate
show that there is also a significant potential for resources
in the Barents Sea. The Barents Sea Project has provided
greater geological understanding of the area and will be an
aid to further mapping of the potential for resourcesin this
area. Large parts of the Norwegian shelf have still not been
investigated.

Qil production today stands at just over 3.1 million barrels
aday, and is expected to remain at more than 3 million
barrelsaday for five years. The greatest uncertainty in the
short term is the oil production from currently producing
fields, which will account for almost 90 per cent of the
production over the next five years. In the longer term,

the uncertainty attached to undiscovered resourcesis of
greatest significance.

Thetrend in the gas market is very important for the future
level of activity on the Norwegian shelf and its potential
value. Norway has appreciable resources of gas available
for salein the future. The total discovered resources of gas
amount to 4100 billion Sm?, the greatest contribution co-
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ming from large gas deposits. It is estimated that undis-
covered resources of gas amount to 2 400 billion Sm?,

and large gas discoveries are also expected in the future.
Current sales commitments for gas give a plateau in 2005
at approximately 70 billion Sm?. It is expected that new
contracts will be entered into, and the sale of gas on plateau
can be substantially higher.

Between 40 and 60 billion NOK ayear will be spent

on capital expenditure and operating expenditure on the
Norwegian shelf in the next 20 years. The future level of
gas sales will have the greatest bearing on the level of
activity. So far, investments have been dominated by large
installations, pipeline systems and related facilities on land.
Subseainstallations linked to existing installations have
become more common in recent years. In the 1990s, wells
accounted for 20 per cent of the investments, but are
expected to be responsible for 50 per cent or morein

the next 10 years.

The basis for emission forecasts is expectations regarding
production. Changesin the sale of gaswill have the
largest effect on the level of CO,and NO, emissions

on the Norwegian shelf.

On average, thereservesin fields that are in production

on the Norwegian shelf increased by 50 per cent compared
with the volume estimated in the original, approved plan
for development and operation (PDO). There has been a
growth in reserves on both large and small fields. However,
fields with a PDO dating from before 1991 have shown the
largest increase in reserves. The estimate of oil volumes ex-
pected to be produced by these fieldsis almost 1 billion
Sm?® higher today than that from 1990. Developmentsin
drilling technology, longer and horizontal wells, and not
least the more precise location of wells than earlier, account
for alarge part of thisincrease in reserves. New seismic

techniques have hel ped to provide better indications of
where remaining quantities of recoverable oil can be found.
The average expected recovery factor for oil fields that are
in production and under development is calculated to be
44 per cent. The estimate for the recovery factor has not
changed over the last three years. This breaks a continuous
trend of annual upward adjustments throughout the 1990s.
There are many reasons for this, but negative expectations
regarding the price of oil and arelated reduction in key
personnel to reduce costs are no doubt foremost explana-
tions. This trend has now turned, but the expertise is no
longer easily available.

The greatest potential for achieving gains by improving
the recovery factor isfound in the large fields. The re-
maining in-place volumes in the ten largest fields amount
to about 4 000 million Sn?® of ail, nearly twice the quantity
for al the remaining oil fields together.

The potential for improving the recovery factor in existing
fieldsistime-critical and realising it is dependent on an
intensification in the efforts to implement new technology
on the parts of both the authorities and the companies. The
way must be paved for creating and taking care of know-
ledge and of innovative groups and those using new app-
roaches in both the companies and associated concerns.
Conditions must aso be improved for education and re-
search, and for creating a positive framework around this
industry that has oil reservesfor at least 50 years and gas
reserves for more than 100 years. Competent and enthusias-
tic specialists are needed to ensure that the Norwegian oil
wealth, that is still largely in the ground, really will benefit
the Norwegian people. We have been successful for the first
30 years. The choices we now make will decide the course
of the next 50 - 100 years.
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Based on experience gained with the classification

Table 1.1 Resource classification (valid until 1st July 2001)

tes. The total recoverable resources are estimated to be
about 13.8 billion Sm? o.e. Of these, 6.8 billion Sm* o.e.
areliquid and 7000 hillion Sm?® are gas (Table 1.2). This

system and the devel opment of such classifications
internationally, the Norwegian Petroleumn Directorate |
has revised the system in co-operation with the oil com- ?‘EEE?;

isan increase of approximately 450 million Sm?® o.e. sin-
ce 31st December 1999, when the new conversion factor
for NGL (1.9 Sm? 0.e. per tonne) is used.
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panies. The new system is briefly described in Chapter 5~
and came into force on 1st July 2001. However, the
resource account for 2000 and the classification of the
resources on which the analyses in this report are based
have been drawn up on the basis of the old system.

1.2 TOTAL PETROLEUM RESOURCES
Table 1.2 summarises the originally recoverable petro-

leumn resources on the Norwegian continental shelf.
Figure 1.2 shows the distribution of the resources and
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Figure 1.1 Classification of the petroleum resources on the
Norwegian continental shelf (valid until 1st July 2001)
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Twenty-two per cent of these resources have been sold
and delivered. Recoverable reserves remaining in fields
amount to 22 per cent, and resources in fields comprise
9 per cent. Discoveries and undiscovered resources make
up 13 and 27 per cent, respectively, whereas possible
future measures to improve the recovery factor give 7
per cent.

The distribution of the remaining, discovered resources
among various resource classesis shown in Figure 1.4.
Resourcesin fields that are in production comprise two-

ArmoLnuDy I ey
B Soyouneo i bedr

Lo e eIy
B Soomblo soooroe A

Figure 1.2 Distribution of the originally recoverable
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thirds of the discovered resources, including quantities
derived from possible future measures to improve the
recovery factor. Five per cent arein fields that have
been approved for development, but not yet been put
into production, whereas discoveries comprise 28 per
cent. Thetotal oil resources on the Norwegian continen-
tal shelf are estimated at approximately 6 billion Sm.
Figure 1.5 shows the distribution of the recoverable ail
resources including NGL and condensate, 34 per cent
of which have been sold and delivered. The remaining
recoverable oil reservesincluding NGL and conden-
sate amount to 27 per cent, whereas specific projects
and possible future measures to improve the recovery
factor are estimated to represent 11 per cent of the total
oil resources. Discoveries and undiscovered resources
amount to 8 and 20 per cent, respectively.

Thetotal gas resources on the Norwegian continental
shelf are estimated at approximately 7 000 billion Smd.
Figure 1.6 shows the distribution of the recoverable gas
resources.

Ten per cent of the gas resources have been sold and
delivered. The remaining recoverable gas reserves
amount to 18 per cent, whereas specific projects and
possible future measures to improve the recovery factor
are estimated to represent 20 per cent of the total gas
resources. Discoveries and undiscovered resources
amount to 18 and 34 per cent, respectively.

Three billion Sm? 0.e. have been sold and delivered as

of 31st December 2000. Thisfigureis made up of 2187
million Sm? of oil, 677 billion Sm?® of gas, 41 million Sm?
of condensate and 52 million tonnes of NGL (Table 1.2).

The remaining recoverable resources amount to 10.8
billion Sm® o0.e. and have lower and upper uncertainty
limits of 8 and 14.5 billion Sm® o.e., respectively (Figure
1.3). The estimate for liquids (oil, NGL and condensate)
is between 3.3 and 6.0 billion Sm® 0.e., with an expect-
ation of 4.4 billion Sm*0.e. The remaining recoverable
gas resources are estimated to be between 4200 and 9200
billion Sm?, with an expectation of 6400 billion Sn’.

All told, 5.0 billion Sm® o.e. of oil, NGL and condensate,
and 4100 billion Sm® o.e. of gas have been proved,
amounting to 9.1 billion Sm® 0.e. The Directorate
estimates that possible future measures to improve the
recovery factor in discoveries and fields may give a
further 425 million Sm? of oil and 500 billion Sm® of gas.
The undiscovered resources are calculated to be 1.35
billion Sm?® of oil and 2400 billion Sm?® of gas.

Definitions and conversion factors for oil and gas

A deposit is an accumulation of petroleum in a geological unit
delimited by rock types through structural or stratigraphical
boundaries, interfaces between petroleum and water in the
formation, or a combination of these, so that all the petroleum
concerned is in pressure communication through liquid or gas.

A discovery is a single petroleum deposit, or more than one de-
posit if they are proven in the same well, which testing, sampling
or logging have shown are likely to contain mobile petroleum.

A field is one or more discovery which the licensees have
decided to develop and for which the authorities have approved,
or granted exemption from, a plan for development and opera-
tion (PDO).

Originally-in-place resources are petroleum resources which,
following mapping by geological methods and calculation by
geological and petroleum technological methods, are estimated
to be in place in a deposit. This estimate must state the quant-
ties under sales terms. Originally-in-place gas is divided into free
gas and associated gas (dissolved in oil). Originally-in-place
NGL means components dissolved in free gas, all of which will
be converted to the NGL phase by current or planned gas
processing.

Originally recoverable resources and/or reserves
comprise the total saleable or deliverable resources and/or
reserves from the start to the cease of production, based on
current understanding of the quantities in place and the
recovery factor.

Reserves comprise resources in classes 0, 1 and 2, i.e.
originally recoverable reserves which the licensees have decided
to develop and for which the authorities have approved, or
granted exemption from, a PDO. A distinction may be drawn
between reserves originally recoverable and remaining reserves.

Play is a geographically and stratigraphically delimited area
where a specific set of geological factors is present so that petro-
leum should be able to be discovered in recoverable quantities.
Such geological factors are reservoir rocks, traps, mature source
rocks and migration paths, and that the traps were formed before
the migration of petroleum ceased. All discoveries and prospects
within the same play are characterised by the specific set of
geological factors in the play. Confirmed plays contain at least
one discovery of recoverable quantities of petroleum. It is thus
confirmed that the critical geological factors are simultaneously
present for these plays. Unconfirmed plays are plays in which

no petroleum has so far been discovered, either because
exploration has still not started, or only dry wells have been
drilled in the play.

Oil equivalents (abbreviated o.e.) are used when oil, gas or
NGL volumes are being added up. The term is linked with the
amount of energy liberated through combustion of the various
kinds of petroleum. Based on typical calorific values from the
Norwegian continental shelf, the Directorate employs the
following conversion factors:

1000 Sm?® of gas corresponds to 1 Sm® o.e.
1 Sm?® of oil corresponds to 1 Sm* o.e.
1 tonne of NGL corresponds to 1.9 Sm* o.e.

1 Sm?=6.293 barrels
1 Smé = 35.3 cubic feet
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The Annual Report of the Norwegian Petroleum
Directorate and its web site on the Internet (fact pages)
give adetailed survey of the discoveries and fields.

Uncertaintiesin the resource estimates

Some uncertainties are attached to the resource estimates
for theindividual depositsin the resource account. An
expected volume is calculated for each deposit, and low
and high estimates are also calculated, based on stochas-
tic modelling. The uncertainty relates to several factors
and is generally greatest for the non-proven deposits and
those that are in an early evaluation phase. For such
deposits, the uncertainty is attached to the mapping of
the extent of the deposit, as well asits reservoir and
production properties. For fields that are in production,
the uncertainty will be linked with the behaviour of the
reservoir and whether possible measures to improve the
recovery factor will be implemented, and also their
effect.

Just as there is uncertainty relating to the size of the
individual deposit, uncertainty also exists regarding the
size of the total resources, that isto say the sum of disco-
vered and undiscovered resources. A calculation of the
aggregated resources has been undertaken where, in
addition to the base estimate, consideration has also been
given to the distribution of probability for the volumes
in each individual deposit.

Resourcesin fields

Thetotal recoverable resourcesin fields are estimated

a 7.4 billion Sn® o.e,, 3 billion Sm? o.e of these having
aready been sold and delivered. The uncertainty of the
remaining recoverable resources is estimated to range
between 3.8 and 4.7 hillion Sm? 0.e., with an expectation
of 4.3 billion Sm* o.e.

Resourcesin fields have risen by amost 500 million Sm#
o0.e. since the end of 1999. The reason for half of thisin-
creaseisthat plans for development and operation (PDO)
for the Grane, Kvitebjarn, Ringhorne and Tambar fields
were approved in 2000. The reserves in some other fields
have been adjusted upwards, and several discoveries
have been made that are linked with existing fields.

New projectsto improve the recovery factor are being
planned, particularly with regard to the chalk fields,
Ekofisk and Valhall. Some of the potential in future
measures to improve oil recovery has thus been imple-
mented. The remaining recoverable resources related to
fields comprise 1.8 billion Sm? of oil, 2200 billion Sm®
of gas, 112 million tonnes of NGL and 110 million Sm?®
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of condensate, giving atotal of 4.3 billion Sm® o.e.
At the end of 2000, 45 fields were in production,

7 were approved for development but not yet put into
production, and production had ceased on 10 fields.

Resourcesin discoveries

Thetotal recoverable resources in discoveries are
estimated to lie between 1.4 billion Sm?® and 2.2 billion
Sme o.e., with an expectation of 1.8 billion Sm® o.e.
(Table 1.2). Thisisareduction of 54 million Sm? o0.e.
since 1999, as several discoveriesreceived field status
after their PDO was approved and because resourcesin
new discoveries are inadequate to balance those that
have been transferred to the reserves category.

Seventy-nine discoveries have been recorded whose
development has still not been approved. Of these,

14 and 12 arein their late or early planning phases,
respectively. Most of these are expected to be devel oped
in the course of ten years. Another 48 discoveries are
being considered for development in the long term, but
it isvery uncertain whether these will be developed. The
development of several discoveries depends upon the
establishment of an infrastructure, the presence of buyers
for gas, or technical solutions being found to enable the
development of complicated reservoirs. A number of
small discoveries have also been made whose recovery
isconsidered unlikely.

Resour ces from improved recovery

Based on the Directorate's target to achieve an average
recovery factor of 50 per cent of the oil and 75 per cent
of the gasin Norwegian fields, the potential existing in
possible future measures to improve the recovery factor
has been calculated to amount to 425 million Sm? of oil
and 500 billion Sn?® of gas, totalling 0.9 billion Sm? o.e.
The licensees have indicated possible projects on indivi-
dual fields that, together, amount to approximately 320
million Sm® 0.e. These are in resource classes 3 and 4.
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condensate on the Norwegian continental shelf
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Undiscovered resour ces

The undiscovered resources in each of 58 plays have been
calculated on the basis of knowledge about the discoveries
and mapped prospects within the play. A statistical method
enabl es the size of the hypothetical discoveriesthat can be
made in the play to be calculated. Thisinformation is used
to calculate the size of the future discovery. The total undis-
covered resources are estimated to lie between 1.5 and 6.8
billion Sm® 0.e. with an expectation of 3.8 billion Sm® o.e.
The proportion of liquid is estimated to be 1.4 billion Sm?
with an area of uncertainty between 0.4 and 2.6 billion Smd.
Gasis estimated to lie between 700 and 4 700 billion Sm?
with an expectation of 2 400 billion Sm®. The estimate for
the total undiscovered resources has risen by approximately
100 million Sm? o0.e. the last year.

Resources proven by drilling have been subtracted. The
changes in the estimate primarily concern adjustments
resulting from positive results of exploration taking place
in the Norwegian Sea. Eighteen wells have been drilled
there since 1998 and seven new discoveries have been
made. Improved reliability in mapping and confirming
good reservoir rocks at considerable depth has led to
greater expectations of the potential for resources.

Exploratory drilling in the Barents Sealast year gave avery
positive result. Oil was found in the Hammerfest Basin and
the Nordkapp Basin. Even though considerable uncertainty
attaches to the size of these discoveries, the results have
raised the probability that recovery of oil and gas can take
placein the Barents Sea.

Work is currently taking place to update the calculations
of the basis for the undiscovered resources on the entire
shelf in the North Sea, Norwegian Sea and Barents Sea.
The results will be published later.

The petroleum resources on the Norwegian continental shelf 2001



2. Growth in resources
resulting from the
exploration

2.1 STATUS OF
EXPLORATION

The area currently open

for investigation comprises
approximately 60 per cent of
the Norwegian continental
shelf. Awarded production
licences cover 9 per cent of
thisarea

e l."‘l:-.:,-'l.'-:n

The basis for exploration
within such alarge area will
differ with respect to the
potential for resources, esta-
blished infrastructures and
environmental challenges.

There are still large volumes

of undiscovered oil and gas

on the Norwegian shelf.

Figure 2.1 shows the distri-
bution of discovered and un- ;
discovered resources. Future r- i
exploration will take place e
in both established explora- o3 e

tion areas like the North Sea i
and new ones like the S COSER T
Norwegian Sea. New chal- A .
lenges linked with under- ATy
standing geological condi- T
tions and solving technol o-
gica problemsin deep water
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Figure 2.1 Exploration status: discovered and
undiscovered resources
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will arise. The North Seais the best explored part of the
Norwegian shelf. The geological conditionsin large parts
of the area are well understood, but no production licen-
ces have so far been awarded in some parts of the North
Sea, such as the Skagerrak .

One of the main challengesin the North Seaisto find
resources close to existing and planned infrastructures.

L ooked at from a resource management viewpoint, it is
important that the parties concerned are encouraged to
map and exploit relatively small discoveriesthat can
utilise the infrastructure constructed for fields that are
aready in production. If small discoveries are not explo-
ited while the large installations are still in production,
thereisarisk that it will never be profitable to recover
some of them. Even very small discoveries will be able
to offer good profitability if existing infrastructures are
well utilised. The awarding of production licences and
the exploration strategy in the North Sea will reflect
these challenges, and the North Seawill probably remain
important for exploration activity in the longer term, too.

Even though exploration activity has been and till is
highest in the North Sea, the Norwegian Seaisthe new
growth area (Figure 2.2).

Figure 2.3 shows that most of the growth in resources
arising from exploration activity on the shelf during the
last nine years has been in the Norwegian Sea. A humber
of significant discoveries have been made in this area
during the last five or six years. Severa oil production
facilities have also been established in the area, provi-
ding enhanced profitability for smaller discoveries that
can be phased into these. Future exploration will enhance
our understanding of the geology of the area and there-
fore lead to changes in estimates for the resource base.
These factors are expected to increase the interest for
exploration drilling on this part of the shelf.

The petroleum activity in the Barents Seais faced with
major challenges. Adjustments of the framework condi-
tions for this region have been undertaken with aview
to paving the way for further exploration.

Calculations of resources undertaken by the Directorate
indicate a significant hydrocarbon potential in the
Barents Sea. The areais large and the large quantities
of 2D and 3D seismic acquired in connection with the
Barents Sea Project, together with the results of the
most recent drilling operations, will help to increase our
understanding of the geology of the area and support
further mapping of potential hydrocarbon traps.
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Figure 2.2 Number of wildcat wellsin the North Sea,
Norwegian Sea and Barents Sea
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Three wildcat wells were completed in the Barents Sea
last year, none having been drilled there since 1994.
Hydrocarbons were found in two of the wells.

From discovery to development

In the 1970s, 1980s and 1990s, production began on
23, 20 and 19 discoveries, respectively (Figure 2.4), an
average of two developments ayear. There is reason to
believe that this tendency will not change noticeably in
the future. The Directorate's forecast for future produc-
tion is based on two developments a year by periodi-
sation of undiscovered resources.

Figure 2.5 shows the production and forecasts for disco-
veries made in the 1970s, 1980s and 1990s, respectively.
The figure shows that production from discoveries made
in the last ten yearsis expected to add less to the total
production from the Norwegian shelf than discoveries
from previous ten-year periods. Thisis because they are,
on average, smaller.

2.2 FREQUENCY OF DISCOVERIES

Discoveries have been made in 230 of the 630 wildcat
wells drilled on the Norwegian continental shelf. Thisis
afrequency of 37 per cent, agood result by international
standards.

Figure 2.6 shows the frequency of discoveries and the
average number each year. The frequency isrising and
has stood at more than 40 per cent on average in the last
10-year period. There are several reasons for this, but an
important one is the advances that have taken place in
acquiring, processing and interpreting seismic datain the
last ten years. The greatest improvement in the explora-
tion phase has been the shift from 2D to 3D seismic,
since this has given more and better data as a basis for
taking decisions on whether to undertake exploration
drilling, and has therefore led to more precise
exploration.

Figure 2.7 illustrates the great increase in the number
of line kilometres of seismic shot during the 1990s.
The figure also shows that an ever-increasing propor-
tion of the seismic is being shot north of 62° N. These
figures include seismic shot to improve the mapping of
existing fields.

Figure 2.8 shows an example of the enhancement in
resolution and depiction of detail when a shift is made
from 2D to 3D and to 4C seismic, thus providing more
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Figure 2.5 Normalised production and the forecasts
for discoveriesin the period 1971 to 2000
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Figure 2.6 Frequency and average number of
discoveries per year

:

Cm e

amb Eag km

:

e

- il

EEREERITOTEERRES

ikt EERED
3_'.::1: ~PEESUSERER

[ TENESEERL b SR e

remrrr b —
L T e
e RLALLLLELELE LT RLE R

L

W B Corewes swshod 85 B Commamies ok ol £1°

Figure 2.7 Seismic data acquired on the Norwegian
continental shelf in the period 1962 to 2000
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precise knowledge before drilling. The development in
seismic work has helped to secure more precise explo-
ration and hence increased the frequency of discoveries.

2.3 EXPLORATION DURING THE LAST NINE YEARS

The Norwegian Petroleum Directorate has undertaken
an analysis of the exploration activity over the last nine
years. The exploration in the last three years has been
compared with that in the two foregoing three-year
periods. Such analyses are undertaken regularly to learn
more about the trend in the creation of value brought
about by the exploration work. Together with other in-
formation, thiswill provide abasis for drawing up the
exploration strategy on the shelf. This strategy and the
activity should reflect the challenges facing usin each
individual area.

The resource estimates for discoveries that have been put
into production are much more reliable than for those that
have not been developed. In general, the uncertainty in
the resource estimates is greatest when the discovery is
made, and decreases later. The value of the discovery is
stated as the net present value. The resource estimate is
the basis for calculating this value. The net present value
estimates are therefore more unreliable for discoveries
made late in the nine-year period than for those made
early in the period. This makesit difficult to compare
resource estimates in discoveries made in different

years. The resource estimates and net present value of
discoveries made in 2000 are specially uncertain.

Growth in resources
Figure 2.9 shows that the growth in resources has been
greatest in the Norwegian Sea. The strong growth in the
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Figure 2.8 Subsea multicomponent seismic
(source BP)

The petroleum resources on the Norwegian continental shelf 2001



Sorh Sea Farveegar Sea Bareris Sea
i A wecile
| I A, S |
N
0 4 4 L
3 N
LS . \
' )
H 7 K\M g o
= o -}
-_ H L -
g Eweh 8wz "y E
o
o B
L . - x
AR E: EA § s ([P et
- B s s P 3
1593 - 1 LT L ] 1593 - 1= LB 19 - 0 W I ¥ - o I -
E L E S e Mgy ity 12n
Figure 2.9 Recovered resources proven in 1992 to
2000 and the total number of completed wildcat wells
e -
Merwegisn Sea Barerrx S e
] e L W
e i - % "
: i : - 3
T - -
i« n, 1% e - o - " a_
% oo A SRR o ¥ -
5 g £
g 1 e 3 w2
X =
] . i . o
i T % & E % s &
: B ﬁ 1 -3k et 1 it
. i 1 B 4 n B 5
LS| Pa- 5 o Y LERE -0 - ¥3-§ -
E Doy ol ek [ s iy we R e b b e o e

second three-year period is explained by the discovery
of Ormen Lange in 1997; this has an expected resource
estimate of 400 billion Sm?® of gas.

The growth in resourcesin the North Seais declining.
The exploration activity in the last three years has
brought alower growth in resourcesin the North Sea
than in the other three-year periods. The average size

of discoveriesin the North Sea has been declining
throughout the period. Twenty per cent of the discoveries
in the last three years were related to existing fields.

Exploration activity

The drilling activity in the North Sea has decreased
during the last three-year period. Figure 2.10 also

shows that the frequency of discoveries has dropped in
this period compared to the foregoing three-year periods.
However, it is still high by international standards.

Drilling activity in the Norwegian Seaisincreasing,
but is lower than in the North Sea. During the last three
years, 20 of 53 wildcat wells have been drilled in the
Norwegian Sea, but the frequency of discoveriesin this

Figure 2.10 WIdcat wells and frequency of discoveriesin
1992 to 2000
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period has been higher than in the North Sea. It has been
50 per cent in the last three years, avery high figure by
international standards.

Exploration expenditure

Figure 2.11 shows the trend in the exploration expendi-
ture. The exploration expenditure for each exploration
well spudded in the last three-year period is higher than
in the foregoing three-year periods. One reason for the
increase in the Norwegian Seais the high proportion

of wildcat wells drilled in deep water and in
complicated reservoirs.

Exploration profitability

Figure 2.12 shows the calculated profitability of explo-
ration during the period 1992 to 2000, expressed as the
net present value of the expected cash flow. The prices
of petroleum products are based on the assumptionsin
the Long-term Programme for 2002-2005 (St. meld. no.
30 for 2000-2001). The present values are calculated
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on apre-tax basis and with a7 per cent discount rate.
The figure shows that the calculated profitability from
exploration has been declining in both the North Sea
and the Norwegian Seain 1992 to 2000. All told, the
exploration activity during this period has revealed a
potential of 67 billion NOK-2000 in the North Sea
and 117 billion NOK-2000 in the Norwegian Sea.
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Figure 2.11 Exploration expenditure in the period

1992 to 2000
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Figure 2.12 Profitability of exploration on the
Norwegian continental shelf in the period 1992 to 2000
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3. Resource development

The total resource base (recoverable oil, gas, NGL

and condensate) has shown a positive trend during the
last ten years (Figure 3.1). The estimate for the total
recoverable resources has risen by more than 60 per cent
since 1990. The remaining recoverabl e resources now
amount to as much as the entire resource base estimated
in 1995. Undiscovered resources are at the same level
now asin 1990, even though many new discoveries
were made in the 1990s.

One reason for thisis an upward adjustment of the
estimate for undiscovered resources, based on a thorough
review in 1995 of the information available; this estimate
has been regularly updated since then. Large quantities
of seismic data, including 3D seismic, have been acqui-
red in the last ten years. This hasled to more precise
exploration drilling.

Theincrease in the proven resources in discoveries

and fieldsisfirst and foremost a consequence of new
technology, in part technological leaps. Fewer wells and
more precise drilling can now reach large parts of the
reservoirs, and the re-use of wells by drilling laterally
to new locations has reduced drilling costs. The further
refinement of seismic methods aids the mapping of the
remaining petroleum volumes. The possibility to exten-
sively use gas for injection has been decisive for
facilitating recovery.

The Norwegian Petroleum Directorate believes

growth will continue, but this depends on the willingness
of both the oil companies and the authorities to make a
considerable effort and to take risks.

3.1 TRENDS IN RESOURCES AND RESERVES

Figure 3.2 shows how the volume of oil and gas
resources in discoveries from the 8th to the 14th
alocation rounds has changed. The appreciation factor
is calculated relative to the volume of the discovery. The
figure compares the resource estimates made by opera-
tors when the production licence was awarded, prior to
drilling, after the discovery, in the years succeeding the
discovery up to a possible development, and in 2000.
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Figure 3.1 Changesin the resource base. Total recoverable
ail, gas, NGL and condensate

Category Volume (Sm® o.e.)
Small < 15 million
Medium 15-50 million
Large >50 million

Table 3.1 Sze categories for discoveries
and fields used in the report
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Since discoveries on the Norwegian shelf vary
immensely in size and reservoir properties, they have
been separated in this figure into three size categories
according to their volume (see Table 3.1).

Experience shows that, in the case of small discoveries,
very optimistic estimates of volumes are generally made
prior to exploration drilling. The total estimate for the
resources in such discoveriesisthen halved after atime.
Many of the smallest discoveries are not developed, and
their resource base declines.

The estimates for medium-sized discoveries are a'so
optimistic before discoveries are actually made. After
adiscovery is made, the estimate increases again. A
medium-sized discovery islarge enough to financially
justify developing the resource base. Statistics show
that, after fifteen years, the estimate for the resources
in these discoveries has doubled relative to the volume
at discovery.

The estimate of resources at the time the largest
discoveries were made corresponds more closely with
present estimates and with the estimate at the time the
licence was awarded. These discoveries have then expe-
rienced a growth in their resources beyond the estimate
made during the exploration period. Some of the largest
discoveries on the Norwegian shelf were made in the
early 1970s.
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Figure 3.2 The appreciation factors for oil and gasin relati-
on to discovery volumes, the years after discovery and 2000
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Figure 3.3 shows how the oil reserves have changed
relative to estimates supplied as part of the decision-
making process in connection with development plans.
On average, the estimate of the reserve has risen by 50
per cent relative to that put forward in the plan. In recent
years, there has been a particularly marked growth in the
reserves on the Ekofisk, Ula, Valhall and Troll fields.
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Figure 3.3 The appreciation factor for oil reserves
in relation to the reserves estimated in the PDO
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Only afew fields have seen adrop in the estimate of
their reserves compared with that stated in their PDO.

The estimates of reservesfor fields in the years prior to
and following the onset of production are shown in
Figure 3.4. The trend for the three size categoriesis seen
to be quite similar. The estimates of the oil reservesrise
before stabilising. Medium-sized fields have shown the
highest average growth in their reservesin the first few
years following the onset of production. Small fields
have also shown agrowth in their reserves. Discoveries
that are developed and put into production usually show
apositive growth in their reserves relative to that pre-
dicted in their PDO. Experience shows that the PDO
estimate is generally too conservative.

Figure 3.5 compares the average growth up to the start

of production, in 1990 and in 2000. Here, too, the change
in the reserves is compared with the estimate of the re-
serves given in the approved PDO. The increase in the
estimate of the reserves from the start of production up
to 2000 is greatest for the largest fields. Fieldswith a
long production history also showed an increase in their
reserves during the 1990s. Thisis not shown in Figure
3.4 for fields that have had alonger production history
than ten years.

Over the last ten years, all categories of fields have, on
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Figure 3.4 The appreciation factor for oil reserves for
small, medium and large fields in relation to the estimates
stated in the approved PDO
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Figure 3.5 The appreciation factor for oil reserves at the
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Figure 3.6 Remaining oil resources after planned completion of fields in accordance with approved plans, remaining
recoverable reserves and volumes produced from fields on the Norwegian shelf

The petroleum resources on the Norwegian continental shelf 200

1

Aaciman |

average, had an increase in the growth of their reserves.
Thisis partly because improved and less costly drilling
and well technology has enabled the drilling of more
wells, horizontal wells and longer wells. This, combined
with a better understanding of the reservoirs, has led to
larger portions of the reservoir being drained and the
recovery factor has risen correspondingly.

Large in-place volumes of ail till remainin the fields
on the shelf. Figure 3.6 shows that there is a potential for
afurther increase in the reserves on the Norwegian shelf.
The resources are shown as the volume produced, the
remaining recoverable reserves and the remaining in-
place resources for which no decision to produce has

so far been taken.

3.2 RECOVERY FACTORS FOR OIL FIELDS

Based on this year's resource account and the oil reserves
as of 31st December 2000, the expected average recov-
ery factor for oil on the Norwegian shelf is calculated as
44 per cent (Figure 3.7). It is calculated on the basis of
approved reserves (resource classes 1 and 2) in fields,
related to the relevant in-place volumes. The number of
oil fields on the shelf is shown in brackets for each year.

From 1990 to 1997, the expected average recovery factor
for oil rose by aimost 10 per cent, but it has remained on
the same level in the last three years. Thisis mainly be-
cause many of the fields seem to have reached a techno-
economic limit for afurther increase in their reserves.
Even though some of the new fields have a high recovery
factor, thisisinsufficient to counteract the effect of sev-
eral fields having reduced the estimates of their reserves.

The expected recovery factor varies from field to field,
and significant differences exist between sandstone and
chalk reservoirs. The expected average recovery factor
for sandstone fieldsis 47 per cent. The Statfjord field,
which has aready produced 60 per cent of itsin-place
volume and aims to achieve a further recovery beyond
the planned 66 per cent, is an example of an oil field that
has very high recovery, also on aworld-wide basis. The
approved plans for the chalk fields on the Norwegian
continental shelf have an expected average recovery
factor of 35 per cent. The generally more compact reser-
voirs and slower depletion mechanisms of chalk fields do
not necessarily need to lead to alower average recovery
factor in the long term. One of the chalk fields, Ekofisk,
the field that has produced for the longest time on the
Norwegian continental shelf, has recently raised its
expected recovery factor to more than 40 per cent.
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Figure 3.7 The average expected recovery factors for all
the oil fields on the Norwegian shelf and for 19 oil fields
that were approved for development prior to 1991. The fi-
gures in brackets denote the number of ail fields on the
shelf each year. The Directorate aimsto achieve an avera-
ge recovery factor of 50 per cent for the fields.
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Figure 3.7 aso shows the trend in the recovery factors
for 19 qil fields, al of which were approved for develop-
ment prior to or during 1991. The recovery factors for
these 19 ail fields, which have the longest production
history on the shelf, are still increasing.

A long production history gives greater knowledge
about fields. Combined with the development of new
and improved methods of data processing and modelling,
this knowledge has led to the phasing-in of additional
resources. At the same time, projects to improve ail
recovery have started. The oil companies on the
Norwegian shelf have been at the forefront when it
comes to developing and implementing new technol ogy
in connection with mapping, developing and recovering
petroleum. This has characterised the Norwegian shelf
and led to acontinually increasing creation of value.

Among the oldest ail fields are a significant number

of the largest fields on the Norwegian shelf. Seven large
oil fields, al of which were approved for development
before 1991, now have 40 per cent of the in-place oil
and 57 per cent of the predictably recoverable reserves.
These are the Draugen, Ekofisk, Eldfisk, Gullfaks,
Oseberg, Snorre and Statfjord fields.

To maintain the pressure, at the sametime asthe oil is
displaced, water or gasinjection, or a combination of
these, is now taking place on most fields. Water injection
has contributed particularly strongly to greatly increasing
the recoverable reserves on the Ekofisk field, and expec-
tations are high that thiswill also prove to be the case

on Vahall, for which adecision has now been taken to
begin water injection.

Gas injection also makes a significant contribution to
the high average recovery factor. With few exceptions,
al oil fieldswill have atechnical potential for improved
recovery using gasinjection. A better understanding of
the technical mechanismsin reservoirs when such injec-
tion is employed will, however, be required to reduce
the uncertainties regarding predictions and the basis for
decision making. The optimal level for utilising gas to
improve oil recovery on the shelf has probably still not
been reached.

Theincrease in the average recovery factor in recent
years has been higher for the largest fields on the shelf
than the smaller ones.

Figure 3.8 shows that, at present, the expected recovery
factor for large fields is, on average, 10 per cent and 20
per cent higher than for medium-sized and small fields,
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Figure 3.8 Average expected recovery factors for large, me-
dium and small fields (see Table 3.1), and all fields combined
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respectively. The smaller fields have an expected
recovery factor that is, on average, lower. They are also
more vulnerable to experiencing a possible down-side,
and it is often not profitable to drill new wells. Small
fields that only have pressure depletion attain alower
recovery factor. There are great variations within each
group. Several medium-sized and large fields have an
expected recovery factor in excess of 50 per cent. Even
anew, small field like Sygna has a planned production
that will give arecovery factor of more than 50 per cent.

Most large fields have been devel oped with a perma-
nently located installation with its own drilling facility,
in recent years also with subseawells. The average
recovery factor for fields with asubseainstallation is
lower than for those with their own installation. Of the
large fields that only have a subseainstallation, Norne
isaonein having an expected recovery factor in excess
of 50 per cent. Approximately half of the smaller fields
have been devel oped with subseawells. Achieving
improved recovery from several of these fieldsis diffi-
cult. A drilling platform or vessel isrequired to drill new
wells and perform well maintenance, and thereisless
flexibility for changing the recovery strategy than isthe
case with fixed installations.

The resource base for smaller fields is sometimes
inadeqguate for it to be profitable to employ new techno-
logy or drill several new wells. Approximately 70 per
cent of al plansto improve oil recovery come from the
ten largest fields. Each of these hasin-place volumes
of more than 200 million Sn® of oil, and together they
amount to avolume of 4 000 million Sm? of oil (Figure
3.6). Thisis almost twice that of all the other oil fields
together. The potential for value creation that can be
realised by increasing the recoverable reservesin the
largest fieldsis therefore very great.

The annual reports submitted to the authorities by the
operators provide a basis for tracking the development

of planned projects to improve ail recovery. Figure 3.9
shows the devel opment in the expected average recovery
factor for all fields that are now operating, or whose de-
velopment has been approved. The same group of fields
is compared each year. The official resource estimate is
used for those with approved plans for development and
operation.

The resources that are in their early or late planning
phases, classes 3 and 4, include specific projectsto
improve the recovery factor for the fields, aswell asto
identify additional volumesthat can be phased in to the
same fields. Plans to develop new discoveries are not
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Figure 3.9 Expected average recovery factor for fields that
arein production or have an approved development plan,
and the expected recovery factor when specific plansto im-
prove recovery on the same fields are included
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included. The oil companies have reported projectsin
the planning phase that give a couple of percentage
points improvement in the recovery factor. It is
important to make these projects realisable.

The following three challenges exist as regards ail
production and the strategy for recovery in the future:

1 A great effort is still required to achieve the
expectation of an average recovery factor
of 44 per cent that will bein keeping with
present-day decisions. As of 31st December
2000, oil has been produced that corresponds
to an average recovery factor of 29 per cent.

2. Specific projects that are being planned to
improve recovery must be focused upon and
funding must be provided to develop them so
that they can be implemented on the fields.

3. If the godl that fields are to have an average
recovery factor of 50 per cent is to be attained,
new technological efforts based on long-term
development work will be needed.

3.3 OIL FIELD DEVELOPMENT

Thetrend in production on the fields, along with the
related trend in expenditure, is shown in Figure 3.10.
The way production and expenditure expectations have
changed is shown in the form of forecasts dated 1990,
1996 and 2000. Qil fields approved for devel opment
prior to 1991 have experienced a massiveincreasein
their reserves. The estimate of the volume expected to
be produced from these fields is more than 1 billion Sm?®
higher today than in 1990. The increase appliesto virtu-
aly all thefields. Production on ail fields approved after
1991 has so far not shown the same trend. The expected
volume produced, and hence the recovery factor, for
these fields has not changed significantly.

Oil production on oil fields approved for devel opment
prior to 1991 was substantially higher in the 1990s than
was envisaged in 1990. The figure also shows that the
forecasts were adjusted upwards in 1996 and 2000.
Capital expenditure has been essential to realise impro-
ved recovery projects. Such projects have therefore also
led to capital expenditure being higher in the 1990s than
previously forecasted. Operational expenditureis not
normally significantly affected by the production level.
However, several fields approved for development prior
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Figure 3.10 Forecasts and historical data for oil fields
approved for development before and after 1991
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to 1991 experienced substantial reductionsin expen-
diture due to specially targeted saving campaigns.

The cash flow for these fields was therefore significantly
higher in the 1990s than it would have been if production
and expenditure had been as expected. Present-day ex-
pectations with regard to oil production and expenditure
will also help to produce a higher cash flow in the future
than previous forecasts suggested, assuming the price of
oil remains as expected.

The fields approved for development after 1991 have
not had an equally long production history. The figure
shows that capital expenditure on these fields has been
high because several have been undergoing development.
The capital expenditure for several of them has been
higher than expected owing to cost overruns during the
development period. Delays in starting production on
these fields have also led to lower production in the
1990s than previously assumed. The figure moreover
shows that the expected operational expenditure has also
been adjusted upwards. The sum of the changesin pro-
duction and expenditure has been negative with

respect to the cash flow during the 1990s and that
expected in the future.

For fields that have only been producing for afew years,
companies do not normally plan projects to improve
recovery whose implementation will not be required

for several years. After experience has been gained, from
production, there such projects will also become relevant
for these fields, but more efficient utilisation of existing
technology, and new technology, will probably be needed
to gain agrowth in the reserves on these newer fields.
Technology from which the mature fields have benefited
is aready built into the basic forecasts for the new fields.
Moreover, improved recovery from severa of these
fields may be difficult and expensive to achieve since
they have been developed using subsea wells.

The technology required to develop severa of the
discoveries made early in the 1970s and 1980s was
unavailable at that time. For instance, in the 1980s,
it was regarded as impossible to produce oil from
the Troll il zone, but this now stands out as a great
success that will give 213 million Sm? of oil,
according to currently approved plans.

34 FUTURE POTENTIAL

A significant potential for exploitable resources still
exists on the Norwegian shelf if adequate effort is made
and favourable conditions are provided. In the case of
the large fields, which contain the largest resources, the
timing of the availability of new technological solutions
will be important.

Technologica development in recent years has focused
upon extracting the mobile il that remains, i.e. that
which can be reached with new wells and/or using

water or gas for non-miscible injection. More remains

to be achieved here and it must still be focused upon.
However, the immobile oil may provide alarge, vauable
additional potential, and it was a so the target for much
of the research effort at the end of the 1980s and the
beginning of the 1990s. The immobile oil trapped in
poresin the reservoir makes up part of the remaining

ail. In somefields, less of this oil than expected has been
extracted after the reservoir was flooded with water, but
large volumes can nevertheless be recovered with the
help of new forms of recovery technology, such as
miscible gas injection, air injection, flooding with
surfactants or other new techniques.

A renewed effort on research and technological
development isrequired if we are to make use of the
great potential for resourcesin the future. Less petroleum
research has taken place in Norway in recent years. The
drop in government-funded research has been particular-
ly marked, but the companies have also spent less. An
effort must be made to ensure that this research is not
dependent upon short-term fluctuations in the price of
oil, as we have experienced in recent years, and high
priority must be put on recovery-related reservoir
research and technological development.

To maintain experience and knowledge of the Norwegian
shelf, we cannot afford, from a national viewpoint, to
experience that the industry reduces its workforce each
time the price of oil takes a downward swing. The
Norwegian oil and gasindustry is not an almost com-
pleted chapter. Currently known discoveries and fields
ensure oil for at least 50 years and gas for at least 100
years. There will undoubtedly be a great need for highly
qualified personnel to maintain this activity, and the way
must be paved to be able to meet the recruitment

needs through targeted input of effort.

The petroleum resources on the Norwegian continental shelf 2001



4. Forecasts

4.1 TOTAL PRODUCTION AND TOTAL EXPENDITURE

The historical and expected total petroleum production
from the Norwegian continental shelf and the historical
and forecasted expenditures are shown in Figure 4.1.
Productionis still rising, and is expected to reach a
plateau at approximately 280 million Sm® 0.e. ayear

in 2002 to 2005, after which an average annual decline
of 3 per cent is expected. As of 31st December 2000,

3 billion Sm?* 0.e. had been produced and sold from the
Norwegian shelf. Thisis one-fifth of the resource base.
The oil production that began in 1971 on the Ekofisk
field accountsfor 75 per cent of the total petroleum
production to date.

Gas sales from the shelf started in 1977. Approximately

60 billion Sm? of gas are expected to be sold in 2001.
The share of gasin the total production is expected to
rise from 20 to 50 per cent around 2020.

This forecast depends upon the level of future gas sales
from the Norwegian shelf. This report assumes that the
market for Norwegian gas will stand at 90 billion Sm?
ayear, in which case the total production level on the
shelf, reckoned in oil equivalents, will remain higher
than it wasin 1990 for another 30 years.

Slightly more than 1 600 billion NOK have been
spent on the Norwegian shelf. Up to 2020, capital and
operational expenditures are expected to amount to a

further 1 100 billion NOK or so. All told, approximately
2 000 billion NOK will be spent on Norwegian petroleum

activity from today up to 2050.

4.2 OIL PRODUCTION

Uncertaintiesin oil production forecasts
The Norwegian Petroleum Directorate receives annual
reports from the operators giving resource figures, pro-
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Figure 4.1 Historical and forecasted petroleum production
and expenditure
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duction forecasts, expenditure, tariffs and environmental
emissions from fields that are in production and being
developed, and for projects and discoveries which are
expected to be devel oped within ten years. This material
provides the basis for forecasting future income and ex-
penses in connection with the Revised National Budget.

The accuracy of the short-term and long-term pro-
duction forecasts for the Norwegian shelf has varied.
The Directorate began systematically evaluating the
uncertaintiesin the oil forecastsin 1995.

In Figure 4.2, long-term production forecasts are
compared with actual production. At the beginning

of Norwegian oil history, actual production was con-
siderably less than both the operators and the authorities
forecasted. This continued until the mid-1980s. Between
1985 and 1995, the long-term forecasts for oil production
were significantly underestimated. In this period, they
did not take adequate regard for the devel opment and
implementation of new technology and improved know-
ledge about the reservoirs. The forecasts at that time only
covered production from proven discoveries, but from
1995 onwards they also included both undiscovered re-
sources and possihilities for recovery over and beyond
what the operators planned.

The short-term forecasts, or forecasts for oil production
one to two years ahead, have mostly been overestimated
from the 1970s up to today. Apart from the end of the
1980s and the beginning of the 1990s, when the large
fields experienced an extension of their plateau period,
there has been a tendency to overestimate production on
amost al the fields. In recent years, the Directorate has
made its own forecasts to compensate for the systematic
overestimation on the part of the operators for the total
oil production on the Norwegian shelf. According to
the Directorate's estimates for the production, the gap
between the forecasted figure and actual production has
been less than 1 per cent in three of the last six years.

Figure 4.3 compares the forecast with the uncertainty
stated in 1995 and actual oil production up to 2000. It
shows that production throughout the period has been
somewhat lower than the 1995 forecast, but well inside
the area of uncertainty stated in 1995.

Figure 4.4 shows the cumulative forecast for the ail
production along with the uncertainty evaluation from
1996. The total expected production in 1996 to 2010 has
not changed significantly since the analysisin 1996.
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Figure 4.2 Historical forecasts for oil production
compared with actual oil production to sell oil
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Figure 4.3 Comparison between the production forecast for
1995 and actual oil production until 2000
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Figure 4.4 Comparison between forecasts of cumulative
oil production from 1996 and 2000
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A connection exists between the estimates of resources
on the various oil fields as a consequence of technologi-
cal development, the price of oil, methodological errors
in the estimates, strategic evaluations in each oil compa-
ny, and so on. To evaluate the long-term uncertainty in
the total production from fields in production and appro-
ved for development, a calculation algorithm is used that
predicts agradual transition from no correlation between
the estimates today to compl ete dependence between the
estimates at the end of the period (10-15years).

Forecastsfor oil production

Expected oil production in 2001 to 2005

The forecast and the uncertainty evaluation for the total
sale of oil are shown in Figure 4.5. Qil production for
2001 is estimated to lie between 170 and 195 million
Sm?®, with an expectation of 182 million Sm?® (3.1 million
barrels aday). Qil production in 2000 was also 182
million Sm?. Norwegian oil production is, moreover,
expected to remain at this level throughout the period.
The uncertainty in the oil production for 2002 is expec-
ted to be between 165 and 205 million Sm® (2.9to 3.6
million barrels a day). Production in 2005 is expected to
lie at about the same level as now.

Figures 4.6 and 4.7 show the forecast and the expected
distribution for the oil production in 2001 to 2005. More
than 900 million Sm? of oil are expected to be produced
in this five-year period, along with some 50 million Sm?
of condensate. Almost 90 per cent of the production is
expected to come from fields that are in production
today and 8 per cent from fields that were approved

for development by 31st December 2000.

The largest uncertainty in the production forecast for the
next five yearsrelates to fields that are producing today.
Unlike oil production at the beginning of the 1990s,

the current forecast is based on still more fields with
differing degrees of maturity. As many as 45 fields pro-
duce oil and gas now. Future forecasting is therefore less
sensitive to mgjor fluctuations in individual forecasts
than earlier ones were when afew large fields dominated
the course of production.

Figure 4.8 shows that the share of the oil production

on the Norwegian shelf for which the four large fields,
Ekofisk, Gullfaks, Oseberg and Statfjord, were respon-
sible has been extremely high, but is now declining
greatly. In 1990, these fields accounted for about 75 per
cent of the total Norwegian oil production. In 2001,
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Figure 4.7 Distribution of expected oil production, 1.0
billion S7?, in 2001 to 2005
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their share is expected to be less than afifth. The
uncertainty in the oil production during the next five
yearsislinked with the time when a number of fields
will enter their decline phase and how great the reduction
in production on these fields will be. At the present time,
only 25 per cent of the oil production comes from fields
in the decline phase, but in 2005 as much as 75 per cent
will come from such fields. Thereis also uncertainty
related to when production will start on fields that are
being developed. These will account for nearly 10 per
cent of the production in the next five years.

Expected oil production in 2006 to 2020

Figure 4.9 shows the forecast for the total, cumulative
oil production, with the uncertainty, for 2001 to 2020.
Between 2.1 and 3.2 billion Sm?® of oil are expected to
be produced in this period, with an expectation of

2.6 hillion Sm?.

Figure 4.10 shows the annual distribution of the expec-
ted oil production in 2006 to 2020. More than 1.6 billion
Sm?® of oil, and also 160 million Sm® of condensate, are
expected to be produced in this period. More than 60 per
cent of this production is expected to come from fields
that were already in production or approved for develop-
ment on 31st December 2000. A third of thisis expected
to derive from existing and possible future measures to
improve the recovery factor. Ten per cent of the produc-
tion in this period is expected to come from the devel op-
ment of existing discoveries, and it is assumed that
amost 30 per cent will come from future discoveries
(undiscovered resources).

The long-term forecast for oil and condensate production
isshownin Figure 4.11. Fieldsthat are in production
today are expected to provide most of the production
before 2010, but towards the end of the period, currently
undiscovered resources will be most important and will
make up the largest proportion of the production, and
hence the largest uncertainty.

The largest uncertainty in the future production from
fields that are currently in production or approved for
development rests in the effect of possible future meas-
uresto improve the recovery factor. All the fields that
are now in production or approved for development will
be in their decline phase in 2010. The uncertainty in the
production from these fields concerns how effective
measures to reduce the rate of decline on these fields
prove to be. Current plans show that these fields have an
expected average recovery factor of 44 per cent. Theaim
of the Directorate is that 50 per cent of the in-place oil
will be recovered.
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Figure 4.8 Proportion of the oil production that

derives from the Ekofisk, Satfjord, Gullfaks and
Oseberg fields
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Figure 4.9 Cumulative oil production with area
of uncertainty
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Figure 4.10 Distribution of expected oil production,
1.6 billion S¥, in 2006 to 2020
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Twenty-six development projects are in their planning
phase. Their total resources are estimated at just over
100 million Sm? of oil and 210 million Sm? of conden-
sate and NGL . Production from some of these depositsis
expected to start in 2003. The largest uncertainty in the
production of liquidsis linked to when production will
actually start. The largest liquid discoveriesthat arein
their planning phase are Kristin, Skarv and Snghvit,
which account for 50 per cent of the oil, condensate and
NGL resources. These discoveries depend upon the sale
of gas before a decision on their development is taken.
Experience has revealed a tendency for discoveriesto

be put into production later than planned. Nearly all the
fields that were expected to be put into production before
2000 began producing at least 6 months to ayear later
than predicted.

Undiscovered resources account for the greatest uncer-
tainty in the forecasts for oil production in the long term.
The Directorate has produced forecast for oil production
from the undiscovered oil production on the Norwegian
continental shelf annually since 1995 in connection with
the Revised National Budget.

Figure 4.12 shows the forecast of oil production for un-
discovered oil resources. Up to 2012, it is expected that
production will only take place from prospects that have
already been mapped now.

4.3 GAS PRODUCTION

The total volume of gasremaining is estimated at

6 400 billion Sm?, the range of uncertainty being 4 200
to 9 200 billion Sm?. Thisincludes both discovered and
undiscovered resources.

Gasforecasts

Norway has commitments to sell about 1460 billion Sm?
of gas. Figure 4.13 shows these commitments distributed
according to field contracts, allocated supply contracts
and non-allocated supply contracts. They reach a plateau
in 2005 at approximately 70 billion Sm®. However, new
commitments are expected to be entered into so that gas
sales on plateau can be substantially higher and the
plateau level be maintained considerably longer than

the figure indicates. Figure 4.14 shows various scenarios
for the trend in Norwegian gas sales.

About half of the gas resources derive from undiscovered
resources and possible measures to improve gas recov-
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Figure4.11 Long-term forecast of oil and condensate
production
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Figure 4.12 Forecast of oil production from undiscovered
resources
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Figure 4.13 Committed salesfor deliveries fromthe
Norwegian shelf
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ery. Further technological development will be the key
to both finding and developing new gas fields.

In addition to an increased use of gas on land in Norway,
LNG (liquified natural gas) and GTL (conversion of gas
to liquid) can help to increase the sale of gas. Accessto
alternative markets will give greater flexibility in the gas
production. New technology in these areas will have a
positive effect on the exploration for, and development
of, small il discoverieswith associated gas.

Gasfor injection

Almost 40 billion Sy of gas were injected into fieldsin
2000, mainly to improve the recovery of oil. The amount
of gasinjected on the shelf hasincreased in recent years,
the Asgard, Njord, Gullfaks and Visund fields being
largely responsible for this. In 2001, it is planned to
inject nearly 45 billion Sm® of gas. According to the
forecast, a plateau will be reached in 2002. Gas injection
generally gives only temporary postponement of gas
production that can be sold.

Gas resour ces viewed geographically

Figure 4.16 summarises the total remaining gas resources
distributed according to areas and degree of maturity.
Figure 4.15 explains the geography and the designations
used in Figures 4.16-4.18.

Gasresources are regarded as mature in fields that

are in production or approved for development. The
pro-portion of mature gas resources varies from 97 per
cent in the Troll areato O per cent north of the Halten
Bank. 38 per cent of the remaining gas resources are
regarded as mature.

Figure 4.17 shows the proportion of unsold gas out of
the total, proven gas resources in the various areas. The
basis for the calculations are the remaining gas resources
after subtraction of gasthat is subject to field-depletion
contracts and allocated supply contracts. The remaining
gas resources include 359 billion Sm® of gas that has
been sold, but not allocated. (In thisfigure, the gas
resources have been corrected for the thermal value.)

About 55 per cent of the total, remaining, proven gas
resources have not been sold. The proportion of unsold
gas varies from 33 per cent in the Sleipner-Frigg areato
100 per cent in the Mgre and Varing Basins.

Thetotal undiscovered gas resources are estimated at
2400 billion Sm?. Thisfigure is based on analyses of 58
identified plays within geographically and stratigraphi-
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Figure 4.14 Scenarios for future gas sales
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Figure 4.15 Map of the Norwegian shelf showing the areas
described in figures 4.16-4.18
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Figure 4.16 Thetotal remaining gas resources
apportioned according to geographical
areas and extent of maturity
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Figure 4.17 Proportion of the total discovered gas
resources apportioned according to geographical areas
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Figure 4.18 Undiscovered gas resources apportioned
according to geographical areas
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cally delimited areas or units. An analysis has been done
toillustrate the possible gas resources that can be found
in the future and where they will most likely be located.
Figure 4.18 shows the distribution of undiscovered gas
resources. The mgjority arein less mature areas like the
Barents Sea (except the Snghvit area) and the Mgre and
Varing Basins.

Substantial gas resources are also expected to be found
in more mature areas, such as the Halten area, the nor-
thern North Seaincluding the Tampen area, and southern
and eastern parts of the North Sea.

Figure 4.18 a so shows prospects in the various areas,
ranked according to size. The probability of making a
discovery in the various prospectsin a particular area
may vary from 1 to 90 per cent. Hence, substantial
uncertainties exist regarding whether discoveries will

be made. Asregards their size, there also provesto be
significant uncertainties when comparison is made with
the original estimates prior to drilling. Thisisillustrated
in Figure 3.2. However, Figure 4.18 is able to say some-
thing about the size if adiscovery is made. The largest
discoveries are expected in the Magre and Vgring Basins,
where a gas discovery close to the size the Ormen Lange
discovery islikely on a statistical basis.

Significant gas discoveries can also be expected in
immature areas in the Mare-L ofoten region and the
south-eastern North Sea. Gas discoveries approaching
80-90 billion Sm® can be expected in the northern North
Sea and the Halten area. In the northern part of the North
Sea, including the Tampen area, and in the Halten area,
there are statistical expectations of gas discoveries
containing up to 75 per cent of the resourcesin the

Frigg field.

4.4 EXPENDITURES

Capital expenditure (CAPEX)

More than 700 billion NOK will be invested over the
next 20 years, between 20 and 40 billion NOK annually.
It is expected that more than 900 billion NOK will be
invested over the next 50 years (see Figure 4.1). So far,
just over 1 100 billion NOK have been invested on the
Norwegian shelf.

Most of the capital expenditure to date has concerned
large installations, but recently it has been more usual
for developments to consist of subseainstallations

connected to existing fields. Future developments are

The petroleum resources on the Norwegian continental shelf 2001

expected to consist of smaller facilities, largely of subsea

type. In the longer term, production may also be
controlled from land. Figures 4.19 and 4.20 show the
distribution of capital expenditure between wells, instal-
lations, pipelines and facilities on land. New wells will
account for arelatively larger share of the capital expen-
diture in the future. From 2001 to 2010, ailmost half the
capital expenditure will concern wells, whereas from
1990 to 2000 only 20 per cent funded wells.

Capital expenditure over the next five yearsis expec-
ted to be lessthan in 2001. In certain years, it may
approach close to the present level, as a consequence of
several large devel opments taking place simultaneously.
All told, it is expected that nearly 200 billion NOK will
be invested over the next five years. Figure 4.21 shows
the distribution of capital expenditure in 2001 to 2005.
Capital expenditure in fields that are in production or
approved for development will account for 70 per cent in
this period. Half of this regards investment that have
been decided upon in fields that are in production, and
athird investment in fields that are being devel oped.

Approximately 500 billion NOK are expected to be
invested on the Norwegian shelf from 2005 to 2020.
Figure 4.22 shows the expected distribution of capital
expenditure during this period. Fields in production and
approved for development, discoveriesin their planning
phase and development of future discoveries from undis-
covered resources will each account for just lessthan a
third of thisfigure.

Uncertaintiesin the capital expenditure estimates
The uncertainty in the estimate of the total capital
expenditure on the Norwegian shelf is shown in Figure
4.23. It is stated as a high and alow forecast for indivi-
dual years. The capital expenditure for 2000 and 2001 is
estimated to be 51.5 and 52.4 billion NOK, respec-
tively. Historicaly, the discrepancy between the forecast
and the actual capital expenditure made in the succee-
ding year has been + 6 per cent.

A capital expenditure of between 20 and 40

billion NOK ayear is expected from 2005 to 2020.

The uncertainty in the first part of the period will be
dominated by uncertaintiesin connection with discov-
eriesthat arein their planning phase. In the longer term,
it will be dominated by uncertainties related to un-
discovered resources.

The largest discoveriesin the planning phase are gas
discoveries whose devel opment depends upon the gas
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Figure 4.19 Distribution of capital expenditure among
wells: installations, pipelines and onshore
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Figure 4.20 Distribution of capital expenditure
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being sold. This concerns, for example, the Ormen
Lange, Snghvit and Skarv discoveries. The level of
capital expenditure in the years ahead therefore depends
upon how much gasis sold from the Norwegian shelf.
Investments that concern discoveries may also be
changed because development projects change in size
due to the choice of simpler or more complex solutions,
this often being influenced by expectations regarding
the price of ail.

In the longer term, the number and size of developments
of new discoveries have most bearing on the total capital
expenditure. Great uncertainty is attached to these fore-
casts. This appliesto how many discoveries are made,
how large they are, how soon they can be developed and
what they will cost. Experience shows that exploration
activity isafunction of the price of oil, implying that ail
companies largely place emphasis on cash flow. The
Norwegian Petroleum Directorate believes that a more
long-term perspective would have led to amore rational
management of resources.

There are many indications that several of the large, new,
future discoveries will be of gas and condensate. Their
development will depend upon the sale of gas, and some
of the prospects may be competitors to current gas
discoveries.

Operating expenditure (OPEX)

The operating expenditure in 2001 and 2002 is
predicted to be 26.2 and 25 billion NOK, respectively
(excluding cessation expenditure). It is expected to re-
main stable at between 25 and 30 billion NOK ayear.

The greatest uncertainties attached to the operating
expenditure in the long term relate to the number of new
discoveries that will be approved for development and
what kind of development is chosen. Stand-alone field
centres will give significantly higher operating expendi-
ture than satellite developments. After several yearsin
the 1990s when operating expenditure dropped, it

will now have to rise again to pay for the maintenance
of ageing installations. The total operating expenditure
will also be influenced by the time chosen to cease
production on the largest fields or replace production
installations with new ones that have lower operating
expenditure, as was done on the Ekofisk field.
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Figure 4.21 Expected distribution of capital expenditurein
2001 to 2005
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Figure 4.22 Expected distribution of capital expenditure
in 2005 to 2020

5 A

gy

WEE MR B LRGN GEE 300 WEF R qmm kD

RY FHAOWMTOE
C

=

o o STy Sl - R

Figure 4.23 Future total capital expenditure on the
Norwegian shelf. including uncertainty assessments
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4.5 EMISSIONS TO AIR

Emissionsto air and discharges to the sea from produ-
cing fields, fields under devel opment and discoveries ex-
pected to be developed within ten years (resource classes
1-4) are reported annually to the authorities. Emissions
that must be reported are carbon dioxide (CO,) and nitro-
gen oxides (NO,) deriving from power generation and
flaring, and volatile organic hydrocarbons (nmV OC)

and methane (CH,) chiefly from offshore storage and
loading.

Forecastsfor emissions of CO, and NO,

Emission forecasts are based on expected production
profiles. The emissions of CO, and NO, on the
Norwegian shelf mainly derive from the energy required
to run the installations. The emission of CO, is expected
to increase from around 11 million tonnesin 2000 to
about 13.7 million tonnes in 2005 and will then decrease
(Figures 4.24 and 4.25). Emissions from fields that are
producing or approved for development will dominate
in thefirst few years, after which those deriving from
production from present-day discoveries and undis-
covered projects will make up an increasing proportion
of the total emissions.

The forecasts for emissions from fields that are pro-
ducing and approved for development are mainly based
on current technology. However, a 1 per cent reduction
in the emissions of CO, and NO,, caused by improved
technology, from 2004 onwards has been included
(resource classes 1-4). In the case of resourcesin class 5,
more energy-efficient production combined with [ow-
NO, turbines are expected to result in significantly lower
emissions of NO, per unit produced.

The main uncertainties connected with the emission
forecasts are caused by changesin the level of gas export
from the Norwegian shelf and the onset of production for
certain projects. Furthermore, the Kyoto Protocol isin-
tended to come into force in 2008, and pursuant to this
Norwegian obligations must be met by 2012. Norwegian
obligations pursuant to the Gothenburg Protocol must be
met by 2010. Hence, the years from 2008 to 2012 will be
extremely important for the nation's international obliga
tions. In these years, the activity level will affect the
need for measures to reduce emissions. As a conseguen-
ce of less activity during this period, the emissions of
CO, are expected to decrease from about 12.5t0 11.4
million tonnes (Figure 4.24).
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Figure 4.24 Forecasts for emissions of CO:
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Figure 4.25 Forecasts for emissions of NO«
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The proportion of the emissions linked to petroleum
activity may also be significantly changed if processing
plants are moved onshore, hence falling outside the

definition of petroleum activity. For example, in the case

of the potential development of the Snghvit discovery,
aprocessing plant on land will be largely looked upon
as utilisation, and emissions are not included in the
emission forecasts. Changesin the rate of recovery
will also influence the emission level forecasted.

Forecastsfor emissions of nmvVOC and CH,
Emissions of nmVOC and CH, chiefly occur during
temporary storage and offshore loading of oil and
condensate. Consequently, the level of these emissions
largely follows the oil production. As aresult of
gradually decreasing production, emissions from
producing-fiel ds reduce throughout the forecast period
(Figures 4.26 and 4.27). The emissions contributed by
discoveries and projects that are being planned
increase over time, due to increase in production.

As aconseguence of an order given by the Norwegian
Pollution Control Authority (SFT) regarding the
reduction of nmV OC from offshore loading, it is
expected that the total emissions of nmVOC will be
significantly reduced during the period covered by the
forecast (Figure 4.26). Thisemission is expected to drop
from around 240 000 tonnes of nmVOC in 2001, before
measure to reduce it are implemented. When the full
effect of the decision is expected at the end of 2005,
the total emission of NnmVOC is expected to be about

73 000 tonnes. The emission is expected to be further
reduced as aresult of declining production. The
emissions of CH, will depend upon chosen technology.
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Figure 4.26 Forecasts for emissions of nmvOC
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Figure 4.27 Forecasts for emissions of CHa4
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5. Revised classi-
fication system

The management of the petroleum resources on the con-
tinental shelf is an important task for the authorities. One
of the Directorate's main responsibilities is to maintain
an overview of al the petroleum resources.

The classification of the petroleum resources forms the
basis for analyses which ensure that the authorities have
the most reliable basis possible for planning measures
that ensure that the resources are well managed and to
forecast future production and activity. Such classifica-
tion can be performed in various ways, depending on
the requirement; for instance, the need for

resource management for the authorities,
resource management for the oil companies,
investment purposes for the company owners.

Even though the classification requirements differ, the
authorities and the industry have in recent years become
increasingly aware of the need to develop a more
uniform system. This has, in part, been reflected in the
publication in February 2000 by the World Petroleum
Congress (WPC), the Society of Petroleum Engineers
(SPE) and the American Association of Petroleum
Geologists (AAPG) of aresource classification system
that goes along way towards making uniform classifica-
tion possible.

In connection with the Norwegian Petroleum
Directorate's annual updating of the resource account

for the expected recoverable resources, it is important to
have an unambiguous system for classifying the resour-
ces. Such a system, which reflected the maturity of the
resources, was revised in 1996. Based on experience
gained in using this system, and in co-operation with the
oil companies through the "Forum for Forecasting and
UNcertainty Evaluation related to Petroleum Production™
(FUN), the Directorate has now decided to revise the
classification system. This revision takes the maturity
principle applied in the current system a step further and
approaches the proposal made by WPC, SPE and AAPG.
The revised system (see Table 5.1 and Figure 5.1) thus

Resource Project status category
class
Historical 0 Sold and delivered
production (S) petroleum
1 Reserves in production
2 F Reserves with an approved

Reserves (R) plan for development

and operation

3 F Reserves which the
A licensees have decided to
recover
4 F Resources in the
A planning phase
5 F Resources whose
N A recovery is likely,
Conditional ”
but not clarified
resources (C)
6 Resources whose recovery
is not very likely
7 F Resources that have
A not been evaluated
8 Resources in prospects

Undiscovered

resources (P) Resources in leads, and

unmapped resources

F = original estimate of oil and gas resources
A = additional resources

Table 5.1 Revised resource classification system

el rrmead
TALILIT

Figure 5.1 Revised systemfor classifying the petroleum
resources on the Norwegian continental shelf
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replaces the one described in "Classification of the
petroleum resources on the Norwegian continental
shelf", published in July 1997.

Among the aims of this revision have been

to strengthen the connection between resource
categories and formal decisions by the authoriti-
es and the holders of the production licences,

to harmonise the classification system with
existing international systems based on the
maturity of resources, in order to facilitate
communication and exchange of data,

to approach industrial standards and at the
same time take care of the needs of the
authorities from a management viewpoint,

that the revised system will follow the main
structure of the system presented in February
2000 by WPC, SPE and AAPG, and at the same
time take care of and develop the main features
of the Directorate's former system,

that the revised system will be implemented
on July 1st 2001 when reporting to the Revised
National Budget for 2002.

Table 5.1 and the appendix explain the individual
project status categories.

51 CHANGES FROM THE FORMER
CLASSIFICATION SYSTEM

Both the former and the revised classification systems of
the Norwegian Petroleum Directorate are based on the
maturity of the resources relative to their recovery, and
are therefore quite similar. However, some differences
exist.

Sold and delivered volumes (historical production) were
included in the reservesin the old system. The revised
system distinguishes historical production as a separate
class and category. The term reservesin the revised sys-
tem covers the remaining recoverable resourcesin fields
that are in production and resources that it has been
decided will be recovered. Thisisin keeping with the
international use of the term. The reserve class aso in-
cludes quantities which the licensees have decided to de-
velop, but the authorities have still not approved. This
particularly affects gas connected with the Troll field,

The petroleum resources on the Norwegian continental shelf 2001
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where most of the resources are now classified as re-
serves. The distinction drawn between resources and
undiscovered resources has also been changed so that
resources linked with future measures to improve the
recovery factor are now included in conditional resour-
cesin the category "not evaluated".

The difference is further illustrated in Table 5.2 where
the resource account as of 31st December 2000 is shown
in accordance with both the former and the revised clas-
sification systems. The figuresin the separate resource
categories (except category 2) in the two systems cannot
be directly compared because the definitions of the cate-
gories are somewhat different. Nevertheless, the compi-
lation does illustrate where the resources fit into the two
systems. Categories 3, 4, 5 and 6 in the revised system
cannot be compared directly with categories 3, 4, 5 and 6
in the former system, because category 3 in the revised
system lacks an equivalent in the former system.
Moreover, some deposits that used to be placed in cate-
gory 3 are now divided between the revised categories 3
and 4, and some deposits from the former category 4
have been moved to the revised category 5.

Table 5.2 Resource account as of 31st December 2000.
Comparison of the former and revised resource classification
systems
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Project status category, a new classification system valid from 1st July 2001

Category 0

Sold and delivered petroleum
Petroleum resources in deposits
that have been produced and have
passed the reserves reference point.
It includes quantities produced from
fields that are in production as well
as from fields that have been perm-
anently closed down.

Category 1

Reserves in production
Remaining, recoverable, market-
able and deliverable quantities of
petroleum which the licensees have
decided to recover, and which are
covered by plans for development
and operation (PDO) which the
authorities have approved or given
exemption from. Should production
be temporarily shut down, the
reserves must, nevertheless, be
added to this category. The reserves
in this category are shown by sub-

tracting the sold and delivered petro-

leum quantities from the originally
recoverable reserves.

Quantities of gas covered by
approved plans for development
and operation and on hold in fields
from which delivery has started are
also reckoned as reserves in this
category.

Category 2
Reserves with an approved plan
for development and operation

Category 2 F

Recoverable quantities of petroleum
described under category 1, but
which have not been put into pro-
duction.

Category 2 A

Additional (or deducted) reserves
that are in categories 1 or 2F, which
are a consequence of projects to
improve production, and which have
the same status as regards deci-
sions as reserves in category 2F.

Category 3
Reserves which the licensees
have decided to recover

Category 3 F

Recoverable, marketable and delive-
rable quantities of petroleum which
the licensees have decided to re-
cover, but for which the authorities
have not yet approved a PDO or
granted exemption therefrom.

This category also contains supple-
mentary reserves from new deposits
with the same status as regards de-
cisions, and which can be connected
to fields in categories 1 and 2.

The category also covers quantities
of petroleum (mainly gas) that have
been held back, but which can be
sold without significant investments
at a later date.

Category 3A

Additional (or deducted) quantities
of petroleum in categories 1, 2 or 3F,
which are a consequence of projects
to improve production and which the
licensees have decided to

recover, but for which the authorities
have not yet approved a PDO or
granted exemption therefrom.

The category also covers quantities
of petroleum (mainly gas) that have
been held back, but which can be
sold without significant investments
at a later date.

Category 4
Resources in the planning phase

Category 4 F

Discovered, recoverable, petroleum
resources which are expected to be
covered by a PDO or granted
exemption therefrom, and where
specific activity is taking place with a
view to clarifying whether develop-
ment will be implemented.
Development is expected to be de-
cided by the licensees within about 4
years. This category also contains
supplementary resources which can
be connected to existing fields that
have reserves in categories 1 and 2,
and discoveries that have reserves
in class 3.

Category 4 A

Additional (or deducted) quantities
of petroleum in categories 1, 2, 3 or
4F, which are a consequence of
projects to improve production and
which have the same status as
regards decisions as resources in
category 4F.

Category 5
Resources whose recovery is
likely, but not clarified.

Category 5 F

Discovered, recoverable petroleum
resources whose recovery is likely,
but not clarified. This category con-
tains discovered, recoverable petro-
leum resources which are not being
considered for development at the
moment, but which can be devel-
oped in due course. It also contains
supplementary resources from new
deposits which can be tied in to
fields and discoveries with resources
in categories 1, 2, 3 and 4, but
where matters regarding recovery
have still not been clarified.

Category 5 A

Additional (or deducted) quantities of
petroleum that are in categories 1, 2,
3, 4 or 5F, which are a consequence
of projects to improve production,
and which have the same status as
regards decisions as resources in
category 5F.

Category 6

Resources whose recovery

is not very likely

Discovered, recoverable petroleum
resources which are not expected to
be profitably recoverable even in the
long term, and resources in small,
untested discoveries whose recov-
ery seems unlikely. Option values
will normally be included in assess-
ments of profitability. The option
values emerge as a result of uncer-
tainties related to future recovery
factors (price, technology, etc.), and
where recovery of the resource is
considered to be an option (a right,
but not an obligation) that will be
realised only if the situation devel-
ops sufficiently favourably.

This category contains petroleum
resources that require substantial
changes in technology, prices, etc.,
to be recovered profitably, and
where it is not very likely that the
changes required will take place.

Category 7
Resources that have not been
evaluated

Category 7 F

Recoverable petroleum resources in
new discoveries where discovery
evaluation report has not yet been
submitted to the authorities, so that
only a provisional resource estimate
exists.

Category 7 A

Recoverable petroleum resources in
fields and discoveries which have
resources in categories 1, 2, 3, 4 or
5 and which may be recoverable
with the help of production tech-
niques beyond those that are con-
sidered to be conventional, or with
the help of known methods which
there is still no basis for employing.

For the individual field or discovery,
this estimate of the resource will
typically be based on rough valua-

tions. There may be great uncertain-

ty as to whether the measures can
be implemented. Estimates are
normally only stated for the total
potential of the measures, not in
respect of individual measures.

(This class covers resources which
were previously categorised as
"Resources from possible future
measures to increase the recovery
factor")

Category 8

Resources in prospects
Undiscovered, recoverable quantiti-
es of petroleum in mapped pros-
pects that have not been discove-
red. It is uncertain whether the esti-
mated resources are present. They
have been risk-weighted, i.e. they
reflect estimated volumes multiplied
by the probability of making a disco-

very. This probability must be stated.

Category 9

Resources in leads, and
unmapped resources
Undiscovered, recoverable petro-
leum resources attached to leads.
It is uncertain whether the leads,

and if so the estimated resources,
are actually present. The resource
estimates reflect estimated volumes
multiplied by the probability of mak-
ing a discovery. This probability
must be stated. The unmapped,
recoverable resources are calculat-
ed by analysing plays. The total
resources of the plays include both
discovered and undiscovered re-
sources. The unmapped resources
are the difference between the ag-
gregated resources of the plays and
the discovered and mapped resour-
ces.

"First oil/gas" (F) :

The petroleum resource is given the
designation First (F) if it is linked to
the initial recovery project for the re-
levant petroleum-in-place. First (F) is
used for categories 2, 3,4, 5and 7.
Supplementary resources (additional
to petroleum initially in place) are
also given the designation F.

"Additional oil/gas” (A) :
Petroleum resources are given the
designation Additional (A) if they are
linked to measures intended to im-
prove production relative to initial
plans. The A resources are normally
positive, but may also be negative,
for instance in cases where oil re-
covery improvements require gas
consumption, or where the improved
production aims at accelerating pro-
duction or reducing production
costs. Additional (A) resources are
used for categories 2, 3,4, 5and 7.
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