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1 Key Licence History

PL481 is located on the southern flank of the Helgeland Basin on the Trøndelag Platform and
comprisepartof blocks6508/5 and 6508/6, Fig. 1.1. Prospects and leads identified in the licenseare
theJurassicStortussen,Lilletussen and Storgalten and Cretaceous/Paleocene Trolltinden, see Fig.
1.2.
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Fig. 1.2 Prospect and lead inventory

PL481 was awarded February 29th 2008 as a result of theAPA 2007 application. Discover
PetroleumAS wasassignedas operator with 50% shareand Skagen44 ASpartner with 50% share.
April 28th 2010 Discover Petroleum AS changed name to Front Exploration AS and July 1st 2012
DONG E&P NorgeAS acquired Front Exploration and become the operator with thesameshare.

Work commitments in the license were to:

Acquireminimum 300 km2 3D seismic
Perform relevant G&G studies

Thecommitments are fulfille d with theacquisition of 474 km2 full fold 3D seismic over the license
(DP0910M01).Theseismicwereacquired in two operations due to bad weather. The first 300 km
2 3D seismic were acquired by CGG Veritas in August-September 2009 and named DP0910. In
June-July2010theremaining 174 km2 3D seismic were acquired by Petroleum Geo-Services (PGS)
in collaborationwith Statoil Petroleum ASin the neighbouring PL521. This survey isnamed
ST10013.GeokineticsProcessing UK Limited merged and processed DP0910 and parts of ST10013
to thefinal productcalled DP0910M01. Relevant G&G studies performed include seismic mapping,
prospectevaluation,EM data and biostratigraphy described in 2 Database.
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The license conditions were:

DOD within 3 years(February 28th 2011)
BOV within 5 years (February 28th 2013)
Initial period 6 years (February 28th 2014)
Extended period 25 years

Due to delays with the 3D acquisition the Dril l or Drop decision (DoD) were first postponed with
one year to February 28th 2012. The second DoD postponement until February 28th 2013 weregiven
dueto delaysof theStatoil operated 6610/10-1, Lovund well. The condition for this postponement
wereto pretradethewell. A third postponement of eighth months to October 28th 2013 were also
appliedfor on thesamebasis along with an application of one year BOV postponement to February
28th 2014. Dueto therelinquishment of the license February 25th 2013 theseapplications fell
through.

Table 1.1: License meetings

Meetings Date Purpose

MCECM#1 April 24th 2008 Establish the license, Common database, Exploration
status

ECMCM#2 December 2nd 2008 3D survey design and tendering, 2008 EM results,
Budget and work programme 2009

ECMCM#3 November 3rd 2009 Review of the 3D acquisition, 2009 EM results, Budget
and work programme 2010

ECMCM#4 May 31st 2010 Review of the processed 3D seismic and planning 2010
seismic infill

ECMCM#5 November 11th 2010 2010 3D processing status, Postponement of DOD,
Budget and work programme 2011

ECM#1 February 4th 2011 Updated prospect evaluation

ECMCM#6 June 9th 2011 Exploration status, Further postponement of DOD

MCM#7 November 2nd 2011 Budget and work programme 2012

MCM#8 June 12th 2012 License update

MCECM#9 November 5th 2012 Further postponement of DOD and BOV, Budget and
work programme 2013

MCM#10 February 13th 2013 License relinquishment
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Reason for relinquishment

Theprospect evaluation revealed a very high risk which does not support drilling an exploration
well. Thepresenceof a working source rock is regarded the highest risk factor.
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2 Database

Al l public wellsand seismic data in the area have been used in the evaluation in addition to the
licenseacquiredDP0910M01 and pre-traded well 6610/10-1 (trade5250). See table 2.1, Fig. 2.1 and
Fig. 3.3.
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Fig. 2.1 Data base of seismic, wells and EM data

Table 2.1 Common database

Well data 2D seismic 3D seismic

6508/5-1 MN9205 DP0910M01

6510/2-1R VIWT93

6609/10-2 VH-94

6609/11-1 NRGS-84

6610/7-1 ST8608

6610/10-1 NPD-NR-83

NPD-NR-85

ST8808
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Well data 2D seismic 3D seismic

B-83

B83R98

3D seismic
Thequality of DP0910M01 is regarded as good, but SVI Pro noise reduction filters (SOFMH and
TDiffusion) wereusedon thesection from BCU and below.

EM data
EM data was acquired by Petromarker ASsummer 2008 as part of the license database, see Fig. 2.1. A
point layoutacquisitionwas used along with a first generation vertical antenna. The results were
inconclusivedueto inconsistent data (direction dependency results) and difficulties creating a
correctresistivitybackground model due to uncertainties regarding presence and thickness of salt
underneaththeprospect.Based on this, Petromarker ASacquired new EM data summer 2009 on
behafof theOperator.This survey had a line layout and used atripod antennawith til t control. This
gavea betterdatacoverage and more consistent data quality with lessnoise. The2009 EM data is
not partof thelicensedatabase but is included dueto conclusive results, see 4 Prospect Update,
Stortussen prospect.

Other studies
Biostratigraphy of well 6508/5-1 performed by Ichron ltd.
PSQL (Petroleum System quick look) done in Petrel using ÅreFm., Triassic (WordieCreek)
and Permian (Ravnefjeld Fm.) source.
Rock physics modelling and AVO analysis performed in Hampson-Russell by Skagen44 AS on
Stortussen. Since DP0910M01 is amerge between two surveys acquired with sligthly different
parameters theresults were inconclusive.
AVO screeing of Stortussen, Lilletussen and Trolltinden. Using SEISMOD and aconceptual
three layer model (shale-sand-shale) a fluid substitution modelling was doneon the top Ile
Formation predicting the amplitude vs. offset.
EM feasibility modelling of Trolltinden and Grey Bedsreservoir at Stortussen. The background
resistivity model was based on up-scaled and extrapolated resistivities from adjacent wells, and
thereservoir resistivities were based on "best-guess" assumptions. Only isotropic models have
been simulated. A 2.5D modelling code was used. TheEM modelling was done for frequency-
domain (EMGSsetup) using 0.25, 0.75 and 1.25Hz where air waves have not been taken into
account.
Reservoir characterisation, CPI, of well 6508/5-1and 6510/2-1R.
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3 Review of Geological Framework

Structural framework
The license is located on the southern flank of theHelgeland basin in thesouthwestern part of the
Ylvingen Fault Zone(Fig. 1.1). The Helgeland Basin was formed during a late stageof the Late
Middle Jurassic-EarlyCretaceous rifting episodeby weak normal faulting in the northwest and
down-wrappingin thesoutheast (Blystad et al. 1995). TheYlvingen fault zone consist of acomplex
patternof tilted blocks,horsts, grabens and half grabens which was formed during a latephase of the
LateMiddle Jurassic-Early Cretaceous rifting episode. Theprospects were initiall y developed
duringthis stageandfurther evolved during gentle passive subsidence and infil l in the Cretaceous.

Statigraphic framework
A well correlation of theJurassic and Late Triassic section from key wells on the rim of the
HelgelandBasinis shownin Fig. 3.1. PL481 is located just east of the6508/5-1 well where sand of
theJurassicIle Formation is very well developed. A CPI of this well show excellent reservoir
propertieswith averageporosities of 29%, N/G of 70% and permeability of 321 mD. Sealing
lithologiesof Not andMelkeFormations arealso present with thicknesses over 100 meters. Tilj e
andÅre Formationsarepresent and holds thick sandstone packages of excelent quality along with
coallayerswhich mayactas sealing lithologies. The Garn Formation which is present in well
6510/2-1R is not thoughtto bepresent in the license area. Triassic Grey beds are also present in the
areabutwith asomewhatpoorer reservoir quality. CPI of Grey beds in well 6508/5-1 show porosity
of 26%,N/G of 37%andpermeability of 161 mD. Two Triassic salt layers (upper and lower) is also
encounteredon theTrøndelag Platform and they may act as aseal for potential deeper targets.

TheCretaceous Lysing Formation is penetrated in well 6510/2-1R with porosties between 17-24%
andpermeabilitiesbetween 14-502 mD. TheLysing Formation is not present in well 6508/5-1.
Tight shalesof theCromer Knoll and Shetland Group act as seal. See Fig. 3.2 for lithostratigraphic
column.

PL481

RelinquishmentReport Reviewof GeologicalFramework

Page7



PL481

RelinquishmentReport Reviewof GeologicalFramework

Page8

0.00 200.00Hz 0.00 200.00gAPI 1:5055 0.00 200.00Hz
Lyr Formation

Melke Formation

Ror Formation

Tilje Formation

Åre Formation

Red Beds/Grey Beds

Spekk Formation

Not Formation

Ile Formation

Grey Beds

Spekk Fm

Ror Fm

Tilje Fm

Not Fm

Melke Fm

Viking Gp

Garn Fm

Ile Fm

Melke Formation

Tilje Formation

Åre Formation

Spekk Formation

Not Formation

Tofte Formation

Melke Formation

Ror Formation

Tilje Formation

Åre Formation

Spekk Formation

Grey Beds

Ile Formation

Tofte Formation

Ror Fm

2228.71538.7

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

1248.8

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2232.7

2300

2400

2500

2600

2700

2800

2900

3000

2300

2400

2500

2600

2700

2800

2900

3000

3100

3200

3300

6508/5-1 [SSTVD]
SSTVD

1:5055 0.00 200.00Hz

GR
6510/2-1R [SSTVD]

SSTVD

1:5055

GR
6610/10-1 [SSTVD]

SSTVD

1:5055

ECGR
6610/7-1 [SSTVD]

SSTVD GR

Jurassic and Triassic well correlataion, Trøndelag platform

Index map

SW Vega
PL481

Spekk Fm

Melke Fm

Garn Fm
Not Fm

Tilje
Fm

RorFm

Åre Fm

Grey beds

IleFm

Lovund NE

/
!

/

"!

/

/

/

6508/5-1

6610/7-1

6610/10-1

6609/11-1

6609/10-1

6609/10-2

6510/2-16510/2-1

N

0 2 5K mPL481 PL521

Fig. 3.1 Well correlation of the Jurassic and Triassic section on the Trøndelag Platform.



“Redbeds”Fm

MIDNORWAY

HALTENTERRACE
TRØNDELAGPLATFORM SOURCEROCKS

KaiFm

NaustFm

MoloFm

TangFm
EggaMb.

TareFm

BryggeFm

NiseFm

SpringarFm

KvitnosFm

LysingFm

N3

LangeFm

L3

L2
L1

LangeFm

LyrFm

MelkeFm

RognFm
SpekkFm

GarnFm

SpekkFm

NotFm

IleFm

RorFm

TiljeFm

TofteFm

ÅreFm

”Greybeds”Fm

ÅreFm

”Saltupper”

”Saltlower”

”Unnamed,Permian(?)
limestineunit”

WordieCreekFm?

RavnefjeldFm?

?

Piacenzian

Tortonian

Bartonian

Lutetian

Ypresian

Thanetian
Seladian

Danian

Maastrichtian

Campanian

Coniacian

Turonian

Cenomanian

Albian

Aptian

Barremian

Hauterivian

Valanginian

Ryazanian

Volgian

Kimmeridgian

Oxfordian

Callovian

Bathonian

Bajocian

Aalenian

Toarcian

Pliensbachian

Sinemurian

Hettangian

Rhaetian

Norian

Carnian

Ladinian

Anisian

Induan

Tatarian

Ufimian-Kazanian

Kungurian

Artinskian

Sakmarian
R
o
tli
eg
en
d
es

E
ar
ly

Z
ec
h
st
e
in

L
at
e

Asselian

Olenekian

Burdigalian

Aquitanian

Chattian

Rupelian

Priabonian

Serravallian

Zanclean

Santonian

Langhian

Messinian

PLIOCENE

OLIGO-
CENE

OCENE

T
E
R
T
I
A
R
Y

C
R
E
T
A
C
E
O
U
S

J
U
R
A
S
S
I
C

T
R
I
A
S
S
I
C

P
E
R
M
I
A
N

La
te

M
id
dl
e

E
ar
ly

La
te

M
id
dl
e

E
ar
ly

La
te

E
ar
ly

M
IO
C
E
N
E

E
O
C
E
N
E

N
E
O
G
E
N
E

P
A
LA
E
O
G
E
N
E

PALE-

PERIOD EPOCH STAGE

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

250

260

270

280

290

Ma

Fig. 3.2 Lithostratigraphic column

Hydrocarbon system
Eighth exploration wellshavebeen drilled on
the rim of the Helgeland Basin and on the
surrounding Platform without finding
commercial hydrocarbon accumulations Fig. 3.3
. Shows is however detected in fivewells
indicating that hydrocarbons have been
generated. Poor potential of the source rocks
and/or leaking traps might be thecause for
encountering only shows. Well 6610/7-2
encountered freehydrocarbons in siltstone in
the Tilj e Fm. 6610/7-1 has oil shows in cores
and cuttings from early Jurassic sandstones.
Well 6609/11-1 has shows as fluorescense in
core from the Early Jurassic reservoir. Dark
bitumen isalso proven at 2561 meters which
can be residues from a palaeo column or a
possible migration rote of hydrocarbons. The
composition suggest a terrestic source of
Triassic or Permian age(Karlsen et al. 1995). In
well 6510/2-1 weak shows were found in Early
Jurassic sandstone. Well 6508/5-1 encountered
minor cut fluoresence on a side wall core in
Spekk and Melke Fm. Shallow stratigraphic
core 6611/9-U-1 and 6611/9-U-2 revealed two
Permian organic rich mudstone intervalls at 13
and 6 meters thickness (type II and II/II I) in the
early oil window. Also several cm thick organic
rich mudstones of Lower Triassic age were
detected. They may thicken basinwards and
function as asourcerock (such a source is yet to
be found in East Greenland). Several non
biodegraded oil stained intervals of Permian and
Triassic age were also detected in the cores and
the geochemical composition suggest a Permian
source(Bugge et al. 2001).

Regional 3D basin modelling performed by
Applied Petroleum Technologies (apt) in
connection with the APA 2007 application
work, indicates that both Spekk and Åre
Formations are immature in thesouthern part of
the Helgeland Basin. Inhouse PSQL done in
Petrel indicate a maturePermian (Ravnefjeld
Fm.) and Triassic (Wordie Creek) source where

hydrocarbonsmigratesinto Grey bedsclosures including Stortussen. Charge from a Permian source
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Fig. 3.3 Exploration wells on the rim of the Helgeland Basin

doesrequireleakagethrough thesalt where offset by faults. The modelling show that PL481 is well
locatedcomparedto someof the other prospects drilled on the Trøndelag Platform when it comes to
migration.

New wellsin the area
Well 6610/10-1, Lovund, was drilled in theStatoil operated PL386 and completed January 28th

2013.Theobjectivewasto provehydrocarbons in Lower Jurassic reservoir rocks (Båt Gp.). The
well wasdry but encountered reservoir rockswith expected quality. TD were 2988 meters in Grey
beds.TheLovundstructure is favourably located for hydrocarbon chargenorthwest in the Helgeland
BasinwherebothSpekkand ÅreFormations are regarded mature, see Fig. 3.3.
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4 Prospect Update

Original resourcecalculations performed for the APA 2007 application were carried out in GeoX on
separateoil andgascases (associated phases not included) due to uncertainties regarding the
hydrocarbonphase.Theleads wereassumed fil l to spill. Recoverable resources for for theentire
licencewasoriginaly299x106 Sm3 oil or 94x109 Sm3 gas. The new resource calculations in GeoX
basedonDP0910M01interpretation wereperformed on both separateoil and gas cases and a multi-
phase case.

Stortussen prospect (Jurassic)
Themain Stortussen structurewas originally defined on 2D seismic as aJurassic lead with Ile, Tilj e
andÅre Formationsasreservoir levels. Recoverable resources were estimated to 170x106 Sm3 oil or
52x109 Sm3 gas. Interpretation of thenew 3D seismic survey DP0910M01 confirmed thepresence
of therobuststructurewith closureon every key horizon from Triassic to Paleocen. On the main
reservoir,Ile Formation,the Stortussen prospect is defined as a combination of a fault bonded horst
in theeastanda threeway structural closure (Fig. 4.1 and Fig. 4.2). Stortussen spills to thesouth at
1792meterswhichgivesa column high of 215 meters. It covers an areaof 66.7 km2. Thenew mean
recoverableresourcesare193x106 Sm3 oil or 48x109 Sm3 gas or as amulti-phase 99x106 Sm3 oil
and 24x109 Sm3 gas. The input values used in the resourcecalculations areslightly stricter than
foundin the6508/5-1well, see Table4.1. Inversion of the 2009 EM data showed no indications of
increasedresistivityin theJurassic reservoirs, see Fig. 4.3. The geological chance of success is set to
10%dueto thelargeuncertainty regarding source rock.
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Table 4.1. Prospect data Stortussen Ile Formation, multi phase.

27.05.2013

StortussenIle Formation, multi phase
Block ProspID (or New!) NPD approved?

6508/5,6& 8 NPD will insertdata NPD will insertdata

Play(name/ new) Year

NPD will insertdata 2013

Oil/Gascase

Low Base(mean) High Low Base(mean) High

Oil 106 Sm3 77 179 288 0 0 0

Gas109 Sm3 16 37 61 4 9 15

Low Base(mean) High Low Base(mean) High

Oil 106 Sm3 42 98 159 0 0 0

Gas109 Sm3 10 24 40 2 5 8

Low: P90 High: P10

Typeof trap

Structural

SourceRock,Chrono

245-260Ma

50-50

Reservoir(P1) Trap (P2) Charge(P3) Retention(P4)

0,9 0,8 0,14 1

Low Base(mode) High

1577 1577 1577

67

-

215

4,3 4,97 5,6

0,42 0,55 0,65

0,26 0,27 0,28

0,22 0,3 0,4

0,0054 0,0055 0,0057

0,847 0,87 0,892

47 50 53

0,52 0,55 0,58

0,52 0,55 0,58

For NPD use:

Innrapp.av geolog: Registrert: Map OK: Nr:

Dato: Dato: Dato:

Temperature,top res(degC) :

WaterSaturation(fraction)

Bg. (<1)

1/Bo. (<1)

GOR,freegas(Sm3 /Sm3 )

Discovery/Prosp/LeadProspectname

Stortussen

ResourcesRECOVERABLE

Main phase Ass.phase

TrøndelagPlatform/HelgelandBasin

Company/reportedby / Ref. doc.

DongE&P NorgeAS

Structuralelement

ResourcesIN PLACE

Ass.phaseMain phase

SourceRock,Litho Seal,LithoSeal,Chrono

340-420 Ile Formation

Which fractilesareusedas:

ReservoirChrono(from - to)Waterdepth(m)

172-176

ReservoirLitho (from - to)

Pressure,top res(bar) :
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Fig. 4.3 2009 EM data. Inversion results for line 100 crossing Stortussen prospect

Stortussen prospect (Triassic)
The3D seimic evaluation also revealed closure on the near top Grey beds horizon whereTriassic
sandstonesis thereservoir. It is defined as a fault bounded three way structural closure spilling to
theeastat 2363meters.It covers an area of 42 km2 with apex of the structure at 2085 meters. See
Fig. 4.4. Mean recoverable resourses is calculated to 44x106 Sm3 oil or 18x109 Sm3 gas or as multi-
phase 22x106 Sm3 oil and 9x109 Sm3 gas. The geological chanse of sucess is set to 9%. EM
modellingwasalsoconducted showing that the Grey bedssandstones isa feasible target and that the
2009EM datacouldbeused if it is possible to createa correct background model. No inversion was
performed.

A third opportunity issub lower salt sandstones of the Triassic Grey beds where thesalt act as a top
sealfor thehydrocarbons. On this level there are two four way structural closures covering an area
of 42 km2. The largest one has a spill point at 3537 meters to the southwest. Apex is at 3175 meters
which givesa columheight of 582 meter. Resource calculations for this interval is not carried out.
See Fig. 4.5.
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Fig. 4.4 Near top Grey beds depth map with 30 meter contours
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Fig. 4.5 Grey beds subsalt depth map with 80 meter contours

Lilletussen (Jurassic)
In the APA2007 application the Lilletussen lead was defined as a northwest-southeast oriented horst
spilling to theeast.Theresource potential was estimated to 71x106 Sm3 oil or 24x109 Sm3 gas. New
3D interpretationshowthat Lilletussen consists of four separete fault bonded three way structural
closureswith a spilling to theeast at 1672 meter. Combined they cover an area of 8.5 km2, see Fig.
4.1. Updated mean recoverable resources are downsized to 4x106 Sm3 oil or 1x109 Sm3 gas or as
multi-phase 2x106 Sm3 oil and 0.5x109 Sm3 gas. Thegeological chanceof success is set to 13% due
to asomewhateasierhydrocarbon migration route. AVO screening of the IleFormation indicates a
possibleAVO response,but theresults are inconclusive

Storgalten (Jurassic)
Theoriginal resourcepotential from the APA2007 application were 58x106 Sm3 oil or 18x109 Sm3

gas.Thenew3D seismicevaluation revealed avery flat structureso no new resourcecalculations or
risking wereperformed (Fig. 4.1).

Trolltinden (Cretaceous/Paleocene)
TheTrolltind prospect was identified on the DP0910M01 seismic survey asa wedge shaped body
depositedalongthedown-thrown eastern side of Stortussen, seeFig. 4.6. This interval is not
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Fig. 4.6 Top Trolltinden depth map, thickness map and seismic profile DP0910M01, Trolltinden

penetratedin anynearbywells, but is thought to be of LateCretaceous or Paleoceneage. The
prospectis describedasa treeway stratigraphical pinchout bounded by a sealing fault to thewest. It
covers an area of 30 km2 and has a column high of 105 meter. Apex of the structure is at 1410 meter
andthereserovirthickness varies up to 50 meters. Mean recoverable resources is 15x106 Sm3 oil or
2x109 Sm3 gas or as multi-phase10x106 Sm3 oil and 2x109 Sm3 gas. Input values are based on
parametersfrom LysingFormation in several wells in the Norwegian Sea. The geological chance of
successis setto 2%dueto large uncertainties in the presence of both source rock and reservoir rock
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and a complicated migration route. Fluid prediction modelling done in SEISMOD using input data
from theEggaFormationin well 6610/7-2 show asmall negative increaseon top reservoir in a gas
filled reservoircomparedto abrine filled reservoir. AVO screening indicates no AVO response on
top reservoircomparedto theaboveshale trend.

Table 4.2: Prospect and lead summary

Prospect/Lead Formation Recoverable oil

(x106 Sm3)

Recoverable gas

(x109 Sm3)

COS
(%)

Stortussen oil or gas phase Ile 193 48 10

Stortussen multi-phase Ile 99 24

Stortussen oil or gas phase Grey beds 44 18 9

Stortussen multi-phase Grey beds 23 9

Lilletussen oil og gas phase Ile 4 1 13

Lilletussen multi-phase Ile 2 0.5

Trolltinden oil or gas phase Lysing 15 2 2

Trolltinden multi-phase Lysing 10 0

PL481

RelinquishmentReport ProspectUpdate

Page19



PL481

RelinquishmentReport TechnicalEvaluation

Page20



5 Technical Evaluation

Updated technical and economical evaluations was performed based on the new prospect
evaluationsof theStortussen prospect on the Top IleFormation reservoir unit and the Near top Grey
Bedsreservoirunit. For both reservoir units calculations was performed for an oil case, gas case and
oil with gascapcase,all calculations showing positive NPV. Field development considered was
FPSOandsubseawells,gas and water injection, and any gas export through Åsgard Transportation
pipeline.

Although apositive outcome for thecalculated business cases, the technical evaluation concluded
thattheStortussenprospect is not drill worthy due to the low geological chance of success.
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6 Conclusions

Themain geological risk in theHelgeland Basin is the presence of aworking source rock. The dry
Lovundwell (6610/10-1)has not reduced the risk but rather, along with all the other wellsdrilled on
therim of thebasin,further substantiated it. Acquired EM-data showed no indications of increased
resistivityin theIle Formation and contributed to the decision to surrender the license. On the
positivesidePL481hasa very roboust and large trap with several good quality reservoirs and a
positive business case.

Thehigh geological risk does not support drilling an exploration well and the license were
relinquished March 1st 2013.
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