


1 Key License History

Productio n Licens e 43 1 (PL431) comprise d part s of block s 640 6/ 2, 640 6/ 3 and
6506/12. It was situated in a ver y prolifi c hydrocarbo n provinc e offshor e
Norwa y (Figur e 1.1) , surrounde d by majo r Jurassi c producin g field s and
discoveries like Åsgard, Smørbuk k, Kristi n and Trestak k. The licens e was
awarded in the APA 2006 Licensin g Roun d in Februar y 200 7 to th e followin g
grou p:

Centric a 40% (operato r)
PetroCanad a 30%
Faro e Petroleu m 30%

The initia l term s and wor k programm e for Licens e 43 1 consiste d of seismi c 3D
reprocessing and relevant G&G studie s ( fulfille d) , and a decisio n by Januar y
2009 whether to commit to th e drillin g of a wel l or relinquishin g th e licens e.
An extension of six month s to thi s decisio n wa s grante d by th e governmen t in
order for the operator to do furthe r wor k. In earl y 200 9 Centric a and
PetroCanada (now Suncor) decide d to leav e th e licens e and wit h effec t fro m
th e 27th of Augus t 200 9, Maers k Oil Norwa y AS too k ove r as operato r of
PL431. The license equity situatio n change d to:

• Maers k Oil Norwa y 70% (operato r)
• Faro e Petroleu m 30%

Licens e PL431 was the n full y committe d to th e drillin g of a wel l.

Wel l 640 6/ 3-9 was spudde d by th e Transocea n Winne r sem i-submersibl e ri g
on th e 9th of Novembe r 201 1. The drillin g operation s wer e affecte d by lon g
periods of very poor weat her bu t a tota l dept h of 418 3 m MD wa s reache d
after encountering only mino r amount s of hydrocarbon s in th e tw o targe t
zones of Cretaceous age. The wel l was plugge d and abandone d on th e 26th of
March 2012 as a minor non -commercia l discover y.

Licens e PL431 was formall y relinquishe d on th e 16th of Augus t 201 2.
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2 Data Base

Afte r th e awar d of PL431 in Februar y 200 7, a commo n seismi c dat a bas e was
set up consisting of regi ona l 2D dat a and variou s 3D survey s coverin g th e
license and the adjacent field s and discoverie s. As par t of th e licens e wor k
commitment a large reproc essin g projec t resulte d in a new merge d CE08M1
data set built from four olde r 3D seismi c dat a set s. Subsequen t processin g
from gathers by SIP resul te d in furthe r dat a set s derive d fro m thi s
reprocessin g projec t . Figur e 2.1 and Tabl e 2.1 belo w describe s th e 3D seismi c
data sets used in the licens e wor k.
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Figure 2 .1 Key 3D seism ic data sets
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Table 2.1 Key 3D seism ic data sets

Seismicdata set Type Description

CE08M1 3Dmerge Theseismicvolumehasanareaof 1675km2andisa mergeof 5
individualsurveysdoneduringre-processing.Theoriginalsurveys
were acquiredbetween1987and1993with variousacquisition
geometriesandsurveyorientations.Thelargestsurvey,SG9312,
wasusedasthe mastersurvey,with additionalsurveysbeing
ST8701,ST8801,ST8905& ST9313.

ST9905R04 3D Reprocessingof asub-setof the StatoilsurveyST9905donein
2004.

SIP 3Dmerge Seismicprocessinginversionproject attemptingto improve
resolutionof Langeinterval in particular.
Thefinal productsincludefluid & lithologyenhancementvolumes
(Lambda-Mu-RhoandExtendedElasticImpedancevolumes)in
addition to the primary inversionoutput volumes(Zp,Zs,Vp/Vs,
andDensity).Input seismicisCE08M1pre-stacktime migrated
gathers.

WIN09M01 3Dmerge Wintershallreprocessing

HWM94 3D Oldervintage3D

HWE95M 3Dmerge Oldervintage3D

MC3D-HB-MEGA 3Dmerge PGSMega-surveyof older releasedseismicsurveys

Various 2Dseismic Theareaiscoveredwith numerousvintage2Dseismicsurveys,all
practicallymaderedundantby the 3Ddatacoverageavailable

FIG003171

Numerou s well s drille d in th e vicinit y of PL431 ar e include d in th e licens e wel l
dat a base. See Tabl e 2.2 belo w. In additio n, al l othe r well s penetratin g Lysin g
and Lange Fm strata have bee n include d to captur e th e regiona l exten t of thi s
depo-center. The "Issue" colum n highlight s wh y a particula r wel l was of specia l
interest and relevance to th e drillin g projec t , thi s bein g in th e for m of drillin g
problems or data collecti on.
A Cretaceou s sedimentolog y stud y by Geolin k was commissione d by th e PL431
license during the initia l phas e.
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Table 2.2 Wells in PL431 area of import ance to drilling proj ect

Well Issue

6406/1-2 None.MDTandSWCin Lange.Mud contamination.

6406/1-3 Between2330and2396m the BHAgot stuck.

6406/1-4 Wellwith primarytarget in CretaceousLangeFm.

6406/2-1 Wellwith primarytarget in CretaceousLangeFm.

6406/2-3 Well control problems.Sidetrackfrom 2800m.LangeFmcores.

6406/3-4 Pressurebuildup (expected)in Paleocene.

6406/3-5 Shallowgas570m- 813m.Lostcirculation1116mand1340m.

6406/5-1 KickbelowBaseTertiaryat 2600m.HCflow to surface.

6407/1-2
Problemssetting20" casing.Lostcirculation1817m.
Reamingin PaleoceneandCretaceoussection.

6506/11-1 Shallowgasproblems.DSTin LangeFm.

6506/11-2 133/8" casingstuck.Sidetrack.DSTin LangeFmandLysingFm.

6506/11-3 Coresin LysingandLangeFms.FMTsamplein LangeFm.

6506/11-4S Coresin LangeFm.Fluidsamplein LangeFm.

6506/12-1 20" and133/8" casingleaks.Cementsqueezeto fix.

6506/12-2 Shallowgas.Water flow andlost circulation.

6506/12-4
Shallowgaswith flow. Lostcirculation.
Coresin LangeandLysingFms.DSTin LysingFm.

6506/12-5 Lostcirculationin top hole.DSTin LysingFm.

6506/12-10
Boulders.Stuck22" underreamer.
Gasflow in 121/4" pilot hole.

FIG003162
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3 Review of Geological Fram ew ork

The Cretaceou s reservoir s in th e Haltenbanke n are a ar e of turbidit e natur e and
have been penetrated by a considerabl e numbe r of well s. The regiona l
depositional models are fairl y wel l establishe d. Howeve r, mos t well s hav e been
drilled with Jurassic hig hs as target s and thes e high s wer e pronounce d also
during deposition of the Cretaceou s sectio n. The PL431 licens e are a is
straddling the area betwe en th e Smørbuk k and Sm ørbuk k Sout h high s and it
is assumed that the syncl ine betwee n was a sedimen t fairwa y wit h depositio n
of thicker and better qua lit y sand s. Well s 650 6/ 11-2 and 650 6/ 11-4S woul d
therefore not be represen tativ e of th e san d qualit y to be expecte d in th e
central part of the syste m.

In wel l 650 6/ 11-2 oil was discovere d in a 40 meter s gros s sectio n wit h 7.9
meters net pay. A DST pro duce d 86 0 BOPD at 41o API . In wel l 650 6/ 11-4S oi l
was discovered in a 48 me ter s gros s sectio n wit h 6.4 meter s net pay. Onl y a
segregated FMT oil sample was recovere d in th e Lang e sand s. Neithe r of thes e
two wells found an oil-wa te r contac t .

Wel l 640 6/ 3-9 teste d th e Sm ørbuk k synclin e wit h th e expectatio n tha t thicke r
and better quality sands tha n foun d in offse t well s 650 6/ 11-2 & 650 6/ 11-4
would be encountered. How eve r, th e wel l encountere d substantiall y poore r
quality and quantity sand stone s ove r bot h th e Lang e and Lysin g interval s.

Update d Lysin g and Lang e Fm dept h structur e map s and a seismi c cros s
section are presented in Figur e 3.1 and Figur e 3.2.
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Figure 3 .1 Depth Structure Maps. Top Lysing reservoir ( t op)
Top Lange reservoir (bot tom)
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4 Prospect Update

The 640 6/ 3-9 wel l prove d oi l in bot h Lysin g and Lang e reservoir s and thi s
section presents the volu metri c assessmen t of th e discoverie s.

Lysin g Formatio n
Based on th e petrophysica l analysi s don e fo r th e Lysin g Formatio n in th e wel l,
Tabl e 4.1 list s th e key parameter s governin g th e stochasti c volumetri c
calculation done with GeoX softwar e as wel l as th e P90, Mean and P10 in-plac e
oil volumes. The top rese rvoi r dept h surfac e is show n in Figur e 3.1. I t is her e
assumed the accumulation is restricte d to th e loca l fou r-way dip closur e
indicate d in th e figur e.

Lang e Formatio n
Based on th e petrophysica l analysi s don e fo r th e Lang e Formatio n in th e wel l,
Tabl e 4.1 list s th e key parameter s governin g th e stochasti c volumetri c
calculation done with GeoX softwar e as wel l as th e P90, Mean and P10 in-plac e
oil volumes. The top rese rvoi r dept h surfac e is show n in Figur e 3.1. I n lin e
with the initial geologic al mode l we hav e assume d a potentiall y large r area l
extent with a mean of 20 km 2, howeve r, th e reservoi r thicknes s woul d mak e a
body of a large extent im plausibl e.

For bot h discoverie s th e in-plac e oil volume s ar e smal l and th e reservoi r
properties are of such poor qualit y tha t commercia l productio n is considere d
impossible. Please note the prospect s and lead s as presente d in th e origina l
license application is no t know n to Maers k Oil Norwa y.

Table 4.1 Hydrocarbon volum es in place

Parameter LysingFm LangeFm

Net pay (m) 1.5 0.8

Porosity (%) 16 21

Watersaturation (%) 41 81

HCcolumnindicatedfrom pressuredata
(m)

10 10

Structuralrelief of dip closure (m) 12 12

Areaconstraint (km2) 9.1 20.0

P90caseSTOIIP(106 m3) 0.46 2.00

MeancaseSTOIIP(106 m3) 0.67 2.80

P10caseSTOIIP(106 m3) 0.86 3.70

FIG003193
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5 Technical Evaluat ions

Petrophysica l Evaluatio n

Best est imate The petrophysica l average s fo r th e Lysin g and Lang e sandstone s wer e
calculated using a porosi ty cut-of f of 10 p.u. fo r th e Lysin g and 15 p.u. fo r th e
Lange sandstone, a water saturatio n cut -of f of 50% and a shal e volum e cut-of f
of 50%. The porosity valu e was selecte d afte r revie w of th e cor e analyse s
data, which indicated tha t 1 m D air permeabilit y correspond s to thes e porosit y
cutoff s.
The bes t estimat e case is show n in th e to p par t of Tabl e 5.1.

High case Uncertaint y exist s on th e actua l cu t-off s to use fo r th e petrophysica l average s
and therefore a "high-cas e" summatio n tabl e has been generate d. I f ver y
optimistic porosity cut-o ff s ar e selecte d, th e porosit y cu t-of f fo r Lysin g coul d
be 6 p.u. and potentially as low as 10 p.u. fo r th e Lang e sandston e. As
discussed above, the wate r saturatio n is uncertai n due to th e vertica l
resolution of the resisti vit y log and th e formatio n wate r salinit y bein g
unknown. The water satura tio n cut-of f in th e "hig h-case" summatio n tabl e has
therefore been selected as 60% and th e shal e volum e cut -of f as 70% .
The hig h case is show n in th e lowe r par t of Tabl e 5.1.

Table 5.1 Petrophysical sum mary tables

Bestestimatetable

TopDepth
(MD)

Bot Depth
(MD)

Gross
Interval

Net Res
Interval
(TVD)

Res/Gross
(Res)

AvgPhi
(Res)

Net Pay
Interval
(TVD)

Pay/Gross
Ratio

AvgPhi
(Pay)

AvgNet
Sw(Pay)

HPVH
(Pay)

Lysing 3395 3500 105 13.1 0.13 0.13 2 0.02 0.16 0.42 0.2

Lange 4079 4135 56 2.6 0.05 0.19 2.4 0.04 0.2 0.29 0.3

Highcasetable

TopDepth
(MD)

Bot Depth
(MD)

Gross
Interval

Net Res
Interval
(TVD)

Res/Gross
(Res)

AvgPhi
(Res)

Net Pay
Interval
(TVD)

Pay/Gross
Ratio

AvgPhi
(Pay)

AvgNet
Sw(Pay)

HPVH
(Pay)

Lysing 3395 3500 105 26.7 0.25 0.11 10.7 0.1 0.13 0.52 0.7

Lange 4079 4135 56 5.2 0.09 0.16 2.6 0.05 0.19 0.3 0.3

FIG003180

Reservoi r Engineerin g

Form at ion
pressure

Formatio n pressure s wer e recorde d in th e wel l wit h a wirelin e formatio n teste r.

Two goo d pressur e measurement s wer e achieve d in th e Lysin g formatio n,
which corresponds to a gr adien t of 0.27 psi/ ft . Sample s acquire d at 345 7.5 m
MDRT confirm this to an accurat e oi l gradien t .

Severa l pressur e measurement s wer e attempte d in th e Lang e sandstone s, bu t
the resulting readings do no t correspon d to a realisti c gradien t . Sample s take n
at 4102.1 m MDRT - althou gh highl y contaminate d by mu d filtrat e - confir m
th e presenc e of oi l.
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Oil sam ples Oil sample s wer e take n usin g th e wirelin e formatio n teste r. I n th e Lysin g
formation, samples were acquire d at one statio n at 345 7.5 m MDRT. I n th e
Lange formation, samples wer e take n at th e dept h of 410 2.1 m MDRT in tw o
subsequent wireline runs (standar d prob e and dua l-packe r) .

PVT analysi s of th e MDT oi l sample s wer e undertake n (singl e stag e separatio n,
constant mass expansion, and differentia l liberatio n fo r bot h Lysin g and Lang e,
as well as three stage separatio n fo r th e Lysin g oil sampl e) .

Dual-packer
m ini-DST

A min i-DST was conducte d usin g th e dua l packe r MDT set acros s th e interva l
4102-4103 m MDRT in the Lang e formatio n. Followin g 6 hour s pum p-ou t ,
stable radial flow was reache d afte r 3 hour s pressur e buil d. An averag e kh-m
of ca 0.9 mD-m was estima te d fro m th e dat a assumin g flui d viscosit y 1 cP.
Depth of investigation was ca 30+ metre s. Oil viscosit y determine d in th e PVT
analysis is 0.3 cP, indic atin g tha t th e abov e analysi s of kh-m fo r th e reservoi r
san d is optimisti c.

Reservoi r Qualit y

Geology of
cored interval

The 50.4 m of core d Lang e interva l is though t to recor d depositio n of fou r 3-
4m thick, erosive based, finin g upwar d, dee p wate r channe l fill s, agains t a
background of basinal mud rock s and mudd y debrite s.

Reservoir
qualit y

Petrographi c analyse s of th e 8 Lang e cor e sample s and 15 Lysin g side wal l
core samples show a simil ar diageneti c histor y fo r bot h interval s, althoug h th e
Lysing samples are less compacte d du e to shallowe r buria l. Earl y developmen t
of quartz overgrowth in the 'cleane r' sandstone s inhibite d compactio n. Most of
the Lange samples contain abundan t ductil e materia l (mainl y detrita l clay and
mudclasts). They lack significan t quart z cemen t and are strongl y compacte d.
Post-compactional calcite (and mino r dolomit e) cement s occlud e mos t of th e
porosity that survived compactio n. Post -compactiona l grai n dissolutio n forme d
minor secondary pores, wh ich ten d no t to be connecte d to th e primar y por e
networ k.

Geochemica l Evaluatio n

Migrat ion and
t rap

Cretaceou s gravit y flo w sandstone s betwee n Smørbuk k and Sm ørbuk k Sør
provide the stratigraphic tra p. The drainag e are a extend s wes t int o bloc k
6402, where the source ro cks ar e in th e condensat e maturit y windo w. Expelle d
hydrocarbons enter the Cretaceou s vi a faul t zone s and ar e trappe d in th e
carrie r sandstone s.

Source
m aturity

Wel l 640 6/ 3-9 was complete d in th e Cretaceou s and no Jurassi c was
penetrated. No source roc k analysi s wa s therefor e performe d. Mud gas isotop e
analysis shows that there is an increasin g thermogeni c signatur e to methan e
with increasing depth, and gas sample s fro m th e Lang e and Lysin g reservoir s
suggest hydrocarbons orig inat e fro m oi l to condensat e matur e source s.

HC origin Ligh t oi l sample s (API 42o-44°API ) wer e retrieve d vi a MDT fro m th e Lysin g and
Lange formations. The ver y simila r carbo n isotopi c compositio n of th e oi l
fractions suggests a very ligh t signatur e indicativ e of Spek k origi n. Excep t fo r
certain maturity related indicator s, bio-marke r compositio n likewis e is ver y
similar for the Lysing and Lang e fluid s. This point s to a marin e shal e sourc e
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consisten t wit h th e Spek k Fm eithe r completel y withou t or wit h onl y mino r
contributions from a coal y (Åre) sourc e.

Bio-marke r base d maturit y indicator s provid e an inconsisten t pictur e, possibl y
due to facies dependence of som e of th e indicator s use d or mixin g of flui d
charges representing diff eren t maturit y stage s. Overal l saturat e bio-marke r
data suggest origin of th e flui d fro m a lat e stag e of mai n to earl y condensat e
window, where a mature sourc e is corroborate d by aromati c maturit y
indicator s.

Compositiona l difference s of th e fluid s can be attribute d to secondar y
alteration processes. Who le oi l gas chromatogram s of th e sample s sho w no
sign of significant biode gradatio n, bu t evaluatio n of ligh t hydrocarbon s
distribution shows signif ican t depletio n of wate r solubl e compound s, whic h
suggests oil alteration due to wate r washin g.

Biostratigrap hy

A repor t fro m RPS present s th e result s of wellsit e micropalaeont ologica l
analyses carried out duri ng Decembe r 201 1 - Februar y 201 2 ove r th e interva l
2300m - 4183m (TD) on the Maers k Oil operate d T-Rex wel l 640 6/ 3-9. 27 3
micropalaeontological ana lyse s wer e carrie d out at th e wel l sit e includin g 24 7
cuttings and 26 core chip s ove r th e interval s 4114 m to 412 6.14 m (cor e # 2)
and 4126m to 4134.30m (co re # 3) .
24 ditc h cuttin g sample s wer e analyse d routinel y fo r micropalaeont olog y pos t
TD from the interval 3395 m - 3494 m.
Result s are presente d on micropalaeont ologica l dat a distributio n chart s of th e
report .
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6 Conclusions

An oi l discover y was mad e by wel l 640 6/ 3-9 in licens e PL431 situate d to th e
east of the Åsgard and Kr isti n field s on th e Halte n Terrac e. Maers k Oil Norwa y
has been the operator of th e licens e durin g th e perio d followin g th e decisio n to
drill an exploration well . Maers k Oil's interes t has bee n 70% wherea s Faro e
Petroleum has been the partne r wit h th e remainin g 30% equit y. PL431 was
awarded as part of the APA200 6 Licensin g Roun d in Februar y 200 7.

The primar y objectiv e of wel l 640 6/ 3-9 was to determin e th e presenc e of
commercial amounts of mov eabl e hydrocarbon s in developabl e reservoir s in
the Lange Formation. In additio n th e objectiv e wa s to acquir e sufficien t and
good quality well data. A secondar y objectiv e was to tes t th e presenc e of
hydrocarbons in the Lysin g formatio n.

The ke y uncertaintie s wer e though t to be reservoi r thicknes s, qualit y,
continuity, connectivity and hydrocarbo n colum n.

Discoverie s of oi l wer e mad e in bot h th e Lysin g and th e Lang e formation s,
however, interbedded sand stone s wit h low reservoi r qualit y and thicknesse s
were found to be much poo re r tha n anticipate d. MDT test s at bot h level s
clearly indicated limited flo w capabilitie s renderin g furthe r wor k in thi s are a
unjustifie d.

For bot h discoverie s th e in-plac e oil volume s ar e ver y smal l and th e reservoi r
properties are of such poor qualit y tha t commercia l productio n is considere d
impossible. Any further technica l evaluation s hav e therefor e no t been don e.

Give n th e lack of any structura l closure s and th e prove n lack of workin g
stratigraphic traps, Maer sk Oil Norwa y and partne r Faro e Petroleu m do not see
any further petroleum pot entia l withi n th e PL431 licens e.

The PL431 licens e was subsequentl y relinquishe d on th e 16th of Augus t 2012.
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