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1 Introduction

1.1 Licence Information

Licence Name: FO19 (Figurel)

Country : Faroe Islands

Licencing Round: Open Door Application 2012

Award Date : 25" June 2013

First Term : 3 Years Expiry, 24" June 2016

Equity : DONG E&P (100%) Operator

Firm Commitment : (a) Complete AVO analysis and fluid substitution within the Licence Area
(b) Petrophysical evaluation of available log, core and sample data
(c) Electromagnetic feasibility study
(d) Conduct dynamic simulation modelling
(e) Investigate optimised development scenario

The F019 licence contains the Marjun discovery which was carved out of the original larger FO18 licence area at
the time of the licence awar(Figure 1). The two licences were set to run concurrently and the seismic
reprocessing projedorming part of the FO18 licence commitment also covers FEidure 2 details the FO19

licence timeline and critical project aspects.

The Faroe|lslands [ '

FOG7

Famese
Shelf

oa =

Fields

[ Condensate & Gas
| | mm G=

mm CG=s & Condensate
[ il

Dl & Gas

'I'h{-:I
Shetlalnd
Islands

Oper ator
[ Chewron
Bl DONG O&G
Il Mexen Petroleum UK
I O
I Statail
= Total
' |

Al

Figureli West of Shetland Location Map Showing DONG Licence holdingf June 2016
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Figure2 - High Level Licence Overvig
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2 Database

2.1 Well Database

The DONG geological databaga FO19 is common with that for FO18 andritludes all completed wells in

Faroese waters and all exploration wells in UK watbes are available through the CDAigital log data is

available for Marjun and Marjun Appraisal wellswhich has been used in the generation of computed
petrophysical interpretations ( CPIfddwe)lcoremtiompuriposdsi ¢ wel |
As a F019 licence commitmentan inhouse petrophysical evaluation was completed for 60etZlénd

204/161 along withadditionaloffset wells(that penetrate T10 Sullom reservoir sandsto264)222, 204/21

1, 204/221 and 204/23L which wereused to capture the semngigional geologyKigure3).

Biostratigraphic data were purchasext fegional studies conducted by Ichron. Thésdude Palaeogene,
Faroe Shetland Stratigraphic Database Phase 1 and 2. The Ichron database comprises a detailed biostratigraphic

analysis, litho and biostratigraphic markers and regional correlation profiésrpinningthe dratigraphic
framework forthe tasin.

To assess the AVO potentiall Marjun, a full re-evaluation ofMarjun well 6004/161Z in the FO19licence was
conducted. This included a full petrophysical assessment, used to generate fluid substituted logs, provide input
ranges for porosity, net to gross and water saturation. See
Formation_Evaluation_Report_Licence_F019 Commitment_Work_2016fpdfa detailed report on the
petrophysical analysis undertaken by DONG.

The DONG database also included the additioRlzdse Il of the IkoWest of ShetlandRoknowledgeAtlas.
The lkondatasetomprises a comprehensive petrophysical and AVO evaluatisalected West of Shetland
wells, with the intent of providing a consistent rock physics daté§ablel)

Well Name Operator Year CPl Ichron FIT APT HM Ikon
6004/16-1Z Marjun Hess 2001 \% \ \% \ \%
204/16-1  Marjun App Hess 2002 \% \%

204/22-2  Conival BP 1994 \Y

204/21-1  Neptune BG 2004 Y

204/22-1 No Name BP 1989 \Y

204/23-1 No Name BP 1987 V

Tablel - Primary well database used in th@19Licence evaluation. CPI: ONG Petrophysical Ealuation,
Ichron: Biostratigraphy, FIT Fluid Inclusion Technologd®T : Applied Petroleum Technology, HM: Heavy
Mineral Research Associates.
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Figure3: Licence map showing Marjun, Marjun Appraisal and semi regional offset wells.

2.2 Seismic Database

The FOB and FO19icence aea is covered by theGS MegaSurvey 3D seismic data. This is an off the shelf
poststack merge of prexisting seismic dataPrelicenceawardmapping was conducted &##GS Megamerge
Phase | dataset. THEGSMegamerge Phase I8D datasetvas subsequently purchasefier thelicence was
awardedas part of the F018 licence commént and this dataset was used for seismic interpretiotie
Marjun evaluation.

A comprehensive8D seismic reprocessing project was also carried oet isences FO018 and F019. Tliés
described n more detaill in the FO018_Relinquishment_Report July 2016.pdand in the
FO018 PGS_Final_Processing_Report FINAL.dd@baps showing the input surveys and the output area are
given inFigure4 andFigure5.
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3 EM Feasibility Study

In November 2014 EMG8arried outa feasibility study to determine the potential effectiveness in utilising a
controlled source electromagnefi€SEM) survey to delineate the Marjun Field extent.

Data provided to EMGS included well logs for @006-1Z, 204/161, lithologies, depth structure maps, seismic
images along with a geological overview of the potential scenarios for congpaiaiimation and field extents.

The target's thickness and depth of investigation were modelled using data evadablwells andseismic
mapping A background resistivity model from mean sea level to below the target was generated from the
resistivity log profiles in well 6004/18Z and 204/1€lL(Figure 6). The resistivity profile shows a general
increase in resistivity with deptlwith three notable peaks occimng at the Kettla Tuff, the T25 and in the
hydrocarbon saturated T10 Sullom Sandstone, where horizoriivities are modelled a0 ohm meters and
vertical resistivities are modelled to be around 50 ohm meféraegrossthickness of the target was taken to be
around 170m

4]
)
— Py Water Column
1,000 |
‘E 2,000
= T
= Kettla Tuff
o
@
(o]
3,000
[ ] T25
4,000
L Sullom T10 Sst
0.2 2.0 200
Resistivity (2m)

Figure6 - Vertical Resistivity Profile Used For CSEM Modelling

Using the above basesistivity model, EMGS use a sensitivity metric to demine the effectiveness of CSEM

in detecting hydrocarbon3 éble?2). If the sensitivity metric is <1 the detection likelihood is low and typically
masked by errors, responses between 2 and 3 return moderate results and responses >3 return positive detection
results where most samples will resolve the response.
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Sensitivity
metric, o

Detection
Likelihood

Sensitivity
classification

Many samples
will resolve the
response

Moderate

>3

Most samples
will resolve the
response

High

Table2 - CSEM sensitivity metricable
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Figure? - Peak sensitivitydr Marjunfield limits
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Figure7 shows the peak sensitivity response modelled by EMGS for a Marjun accumulation witRitOthed

P90 aerial extents of the Field. The peak sensitivity metric for an accumulation at Marjun ranges frbr23.25

for aerial extents that range fronB3kn?. For an accumulation at these depths and areas, the peak sensitivity is
modelled as residing in the noise level and the conclusion from EMGS is that the use of CSEM to determine the
lateral extent of the Marjun discovery is not recommended based onafissssment with the currently

available data.
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4 Marjun

4.1 Overview

The Marjun discovery is located in the Judd Basin, in the Farogisonéf sector close to the Laroes border
The Marjun well (6004/14.Z) was drilled by Amerada Hess @perator in licence FOO1. The well was spudded
20th September 2001 and was completed 4th December Z8@1Marjun well encountered an oil column
(charged from the Kimmeridge Clay Formatiarf)166.7 m in sands of tHealaeocen&ullom Formation (T10
interval) (Figure8).

The Marjun reservoiwvas deposited byurbidity currents ina basinfloor fan environment. Reservoir quality
has been significantlgffected by volcanic activity causing theecipitation of diagenetic authigenic clajihe
reservoir sands are capped by Ifalom mudstones forming the seal at Marjun. 6004/26Gvas drilled on an
inversion anticline and consists of apper and lowereservoir unit which isseparated by a mudstone that has
a semiregional extent.

An updip appraisal well iMarjun Appraisal204/161) was drilled by Amerada Hess as Operator in UK licence
P1029. It is located 5.7 km southeast of the 60842 @vell. The 204/161 well only encountered residual gas.
The two wells are not in pressure communication and consequentyptlieeasterrboundary of the Marjun
discovery is situated somewhere between the wEls. up dip trap extent is the most uncertaolumetric
parameter

Basin and migration modelling suggests that hydrocarbon migration l@@gand 65Ma and continued to
present day. Mdelling indicatestwo separate phases of charge witle first oil that was chargebdeing
biodegraded

Based on rénterpretation of the 3D seismic data and on a geological model for thediogrinitial in place
estimatesange froml20to 254 MMbbl. The interpretations and analyses currently available have highlighted a
number of uncertainties with respect to tochrbon volume in the Marjun discovery. Three viable geological
scenarios haveden proposed to account foancertaintiessurrounding the Field Extent. Threbfferent
trapping mechanismisave been postulated and includsilainduced faultbarrier, anintrusive/hydrotherméf
inducedbarrier and a stratigraphic barrier.
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Figure8 - DONG West of Shetland Paleogene Lithostratigraphy
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4.2 DepositionalEnvironment

Both the Sullom and Vaila Formation in tk@roe Shetland Basif-§B) are characterised by deep marine
sedimentation. Generalised models for the deep water systems classify systems by their relative depositional
position where architectural elements can be associated with the shelf, slope and basin floor. Submarine fans
are major constructional featurdevelopingseaward of a major sediment sourdéarjun and the Faroese area

is typical of a submarine lobe setting in the basin floor aFégufe 9). Updip towards the UK, facies
associations move progressively upslope with the reservoir in in Foinaven, Schiehallion and Loyal representing
high density turbidites deposited in slope channel complé&arsgreate detail regarding regional scale gross
depositional environmentplease refer to FO1&elinquishmentReport July 2016.pdf

Marjun, Marimus,

N Foinaven Schiehallion
Sviney

Submarine

Shelf

Marsh &
fluviatile

Figure9 - Generalised depositional environments for the Sullom and Vaila Formations

Submarine fans can iferther subdivided into proximal, medial and distal components. Proximalyficaity

comprise more channedison, low (width to height) aspect ratios, high net to gross within sands and erosional
contacts. Medial fans comprise sheands with highspect ratig, net to gross is still high with narosional
contacts. The distal portion of the fan comprises sheet sands composed of thin bedded turbidites with much
lower net to gross values than that of the medial or proximal parts of an overaltfamsy10 Sullom sands at

Marjun are interpreted to represent distén turbidites. Depositional outcrop analogues include the
Skoorsteenberg Formation of the Karoo in South Africa and the Ross Formation in County Clare, Ireland
(Figure1l).

Figure 10 shows a well log correlation with particular focus on the Tillo& Sandstone MembewWells

drilled in the distal Sullom section of the Faroes have penetrated T10 Sullom sandstone sequences of up to 200
m with gradual sand thinningccurringsouth east onlapping ontbe Judd High. Also onlappingnto the Judd

High is theJurassic Kimmeridge Clay Source ragékgure 10) recordedn well 204/231. Sands are most likely

sourced from the Judd HigfBcottish provenance), however, due to limieddence regarding sediment
provenance northern sediment source (East Greenfangenance) cannot aled out
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Figure10- Well Section Illustratingr 10 Sullom Section in The Faroese Sector of The Judd Sub Basin
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Figure 2. The deep-water deposits of the Skoorsteenberg Formation in Tanqua Karoo basin, South Africa can be subdivided into proximal, medial and distal fan settings
each with their own key characteristics. Note the outline of the Diana sub-basin and Diana Field projected on to outline of fan 3 of the Skoorsteenberg Formation. The

outline of fan 3 is modified from Bouma and Wickens, 1994.

Figurell- Submarine fan divisions of the Karoo Skoorsteenberg Formation, Karoo, South Africa

4.3 Reservoir

The Marjunwell encountered an oil column of 167 m in baior fan turbidite sandstones of the Palaeocene

T10 Sullom Formation. The T10 sandstone is divided into a lod@ng1l) and an upper reservoiZgne 3),

separated by an intr@servoir shaleZone 2) (Figure 12). The averageffective porosities of the reservoir

sandstones 6004/161Z are approximately 12%, average permeabilities of 3mD and avewrtge saturations
of 36% (Table3) based on the facies characterisation explain&dliStatic Modelling Approach
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Figure 12 6004/161Z CPI showing GR, Porosity, Permeability and Water Saturation. The GR log is colour
coded based on DONG Energyds internal Il ithol ogy schen

The poor reservoir quality of the T10 sandstones is related to precipitation of diagenetieratittiays (G7

Figure 13). These clays precipitated during significantly raised temperatures. These raised temperatures were
probably short lived, and are assumed to have been related to the early intrusion ebas dtyke, intersecting

the well at-4090 m TVDSS and other extensive igneous intrusions in the Biggag12). This event has had a
significant detimental influence on reservoir quality, and the lateral extension away from the well of this
diagenetic phase is not known.
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PLATE: 1.3
WELL: 6004/16-1z

4181.39m MD (-4151.39m TVDSS)

Figurel3: Thin section taken in plane polarised light4151.39 m TVDSS of well 6004/18Z

The 204/161 Faroe Extension well in the UK licence P1029 well was drilled as an appraisal well to the
6004/161Z discovery well The main target was the T10 sandstones and the well found solely residual gas
sandwiched in thin sand layers between water beamtegvals. Moreover, the well showed another pressure
regime indicating that no pressure communication is present between the two wells and that tbassewrth
boundary of the Marjun discovery is situated somewhere between the two wells.

The reservoiquality of the T10 sandstones in this well are also generally poor and affected by precipitation of
diagenetic clays related to significantly raised temperat(ies.average effective porosities of the reservoir
sandstones are approximately 118hd averge permeabilities of 2.4mQTable 3) based on facies
characterisation explained ¥l Static Modelling Approach

Table 3 summarises the key petrophysical averages for the T10 Sullom Sandstone Member. Greater
petrophysical detail broken down bgneis discussed isection5.3 Reservoir

Well Porosity  Permeability Water Saturation NtG
6004/16-1Z 12% 3 mD 36% 61%
204/16-1 11% 2.4 mD N/A 48%
204/22-2  13% Not Calculated N/A 25%
204/21-1  17% Not Calculated N/A 74%
204/23-1  14% Not Calculated N/A 36%

Table3:A summary table detailing theyerageCPI petrophysical parameters by well for the T10 Sullom
Sandstone Member.

4.4 Seismic Interpretation

All seismic data presented in this report are European polarity, where an increase in acoustic impedance is
represented by a trough. Synthetic well ties were generatdwtioir56004/161Z and 204/16L. Well ties were
constructedby extracting a statistal wavelet convolved with a reflectivity spike series generated DG

E n e r ¢pyrelited compressional sonic and density loggetreral the well ties are considered good dimde

shifts of less 10 ms appli€&igure14 andFigure15A).
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Figure14 - Well tie for 6M04/161Z Marjun and associated statistical wavelet

The derivation ofgeologically significant horizonsvas achievedafter analysing well ties, regional cross
sectionsand the biostratigraphic dat&ey seismic horizons for the Marjun geological modeludeldThe Top
T10 Sandstonand BaseTertiary which also marks the base of the Sullom Formation. Theseintengreted
across the study area and delineateddpeand base of the Marjun geomodedults were interpreted in detalil
across thetudy areaOverburden surfaces were taken from FO18 regional interpretatiofiedobeld summaries
the key horizons and how they are implemented in both velocity modelling antbdelling.

Key Surfaces Seismic Interpretation Depth Conversion layers Geomodel Zones
Seabed F018 Regional Interpretation Base of layer 1 N/A
Top Balder F018 Regional Interpretation Base of layer 2 N/A
Base Flett F018 Regional Interpretation Base of layer 3 N/A
Top Vaila F018 Regional Interpretation Base of layer 4 N/A

T10 Sullom Sst  Detailed seismic Interpretation on reprocessed seismicBase of layer 5
Top Intra-shale Isopach from Top T10 Sullom Sandstone N/A
Base Intra-shale Isopach from Top T10 Sulom Sandstone N/A
Base Tertiary  Detailed seismic Interpretation on reprocessed seismicBase of layer 6

Top of Geomodel (Top Zone 3)
Top of Zone 2

Top of Zone 1

Base of Geomodel (Base Zone :

Table4: Table summarises key stratigraphic units and how they are acquired and uses within velocity modelling
and geomodellingSeeFigure 15 for stated surfaces.
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dip line through 204/1-4 showing synthetic seismogram, reservoir interval and major east west trending faults.

Figure157 Top Left: Depthstructure mapof the Top T10 Sullom SandstodésplayingtransectA and B. A:
B: Intersection through botdarjun wells showing key horizons used for velocity and static modelling
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4.4.1 Depth Conversion

The velociy model wassegmented into layers based dmnges in velocity and density. Tleyered model
includedthe following regional horizonsTop Seabed, Top Bdér, Base Flett, Top Vaila, Top T10 Sullom
Sandstone and Base TertiaRigure16).

6004/16-12 | | 204/16-1 = }| Layert |
o b, e ,_..—’-

- [
=7

— Layer4

— Layer5

o Time (s)

Seabed
Top Balder
1 | BaseFlett

= Top T36 Vaila

TopT22.2 Vaila
1 B TopT10 Sullom Shale y
I TopT10 Sullom Sst
1 B Base Tertiary

} Layer6

Figurel6: Intersection through both Marjun wells showing key horizons used for velocity modelling

All surfaces were depth converted using the DIX coredemigration velocities. &smic velocities were tied
using well velocitiesand the final depth converted surfaces tietht&r formation tops at bot6004/161Z and
204/161. Figure17 compares the time and depth structure megisg this velocity modelling approach

It is evident when the horizon is convertednf time to depth the saddle between 6004/Z6and 204/161
becomes more prominengeneratingwo separate anticlinal structures as opgdseone. Figure 17 highlights
the inferred OWC at4197 m TVDSSwhere he lack of updip trap closuteetween 6004/1-8Z and 204/16L
becomesvident.
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Figurel?7: Top T10 Sullom Sandstonine and depth structure map

4.4.2 SeismicFeatures

As documented 018 _Relinquishment_Report_July 2016.pttiereare modern day submarine fans found
on the seabed his series of fans cover an area of nearly k68 fed through slope channels ning parallel to

the slope. These fans are considered a good analogue for sandstones deposited during Sullom tigees and ha
been used to condition facies distributions in geological mod€Hiumre18).
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Figure 18 3D image of the sabed (twt), of thereprocessed seismic dataset illustrating a range of
geomorphological features including submarine fans and extensional faults

Important featureglentified on the seismic in the Marjun argelude evidencef extensivemagmaticactivity
including sill inrusions, sub vertical dykes, fluid escape features and pockratialder level which are
summarised irFigure 19. Not only do these features havgrsficant impact on seismic interpretation they also
add compl e x ipetypleumatorMidydrpthermal $luids can have a large effect on the reservoir quality
and sill tip intrusions below the reservoir, can help to form the anticlinal trap folvtargin.

Page25



DONG

energy

Key

Seabed = 5‘ =4 e
Top Balder
[ BaseFlett
Top T36 Vaila
Top T22.2 Vaila E
[ TopT10SulomShale [
B TopTi0SullomSst [
- Base Tertiary

= Subhorizontal
C— ~ | cross-cutting
volcanics

o e dimming - . ‘~ = ~ - —
3 = Seismic - . (;-‘—“\ : =
| Multiples oy e —— _— -

Time (s)

Extensive
Stacked sill
intrusions

"
:‘J sooms 12
#

L/
,,L

Figure19: Seismic intersectlon showmg clear ewdence of extensive igneous activity in the region in and around
Marjun. The depth structure highlights the location of the seismic intersection in relaltitamjtm.

4.5 Local Structural Setting

Locally theJudd Basin a Palaeocendepocentrés flanked to the east by the Judd and Wedtesemenhighs

and to the west by the Sjurdur Rid@#&gure20). Theprevailing structuren the Paleocenis dominated by a

broad arctplungingto the northwestvhich was formed by a combination Miocene compressional events and
underlyingvolcanic intrusions The Palaeocenis characterised by a number of east west extensional faults
formed during localised rifting, structures are limited to 3 and 4 way fault bound closures. Volcanic intrusions
heavily affect the T10 Sullom sandstone interval with increasing intensitydewtse north west of Marjun.
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Figure20- Top T10 Sullom Sandstortevt map illustrating local tectonicetting

4.6 6004/161Z AVO Modelling

One of thdicence commitments for FO19 was tongpletean AVO analysis and fluid substitution to determine
if the T10 Sullom Sandstone Member at Marjicould show an AVO responsé€or a generalised rock physics
method summary sée18_Relinquishment_Report_July 2016.pdf.

1D synthetic gathers were generated for Wel4/161Z, to assess any potential of modelling AVO responses

in the T10 sands of the Sullom Formation. Porosities average about 12% across the sand package in the T10.
The synthetic angle gathers use only the in situ logs to model the potentialseeggdmydrocarbons. The
modelled gathers within the T10 sand for this well are flat indicating no AVO response, which is also observed
in both the legacy and newly reprocessed data set where no AVO or amplitude anomalies aré¢rmyasent

21).
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Figure21 - Synthetic Gathers For Well 6004A1&
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5 Marjun Static Modelling

5.1 Static Modelling Approach

The Marjungeomodeis built following a set methodologgFigure22) beginning withquality control checking
faults interpreted from seismic. With this structural framework in pladep, middle and bottom skeleton grid
can be attached to the faults. Onhes tframework is built it is possible to start to apply seismic interpreted
surfaces, divide the model inmmnes which can then be broken down further into layers. It is then possible to
populate the 3D grid with different petrophysical parameters likie$aporosity or water saturatitmcompute

final in place volumes.
_\\\\m ~
| |

Fault Pillar Make Make Make
Modelling Gridding Horizons Zones Layering

Figure22: Schematic of the static modelling workflow

Threegeologicalscenariodave beeronstructed for Marjun to assesscertainty around thepdiptrap extent
the largest factor affectingeld extent Each deterministic scenario exansire different geologicatlea and
eachof thesescenaris hasthen undergoe a complete stochastic uncertainty analySisenario lis considered
to be the mostiable scenario and therefore the most likely.

5.2 Structure

5.2.1 Structural Modelling

A total of 31 faults were mappedfor static modellingfrom seismic interpretationEdge dete@n and
dip/azimuth seismic attributegere used to guide the fault pillars into tteerect location.

The modelled region was cropped from the original seismic interpretation to speed up model r({gtimee
23). The cropped region allows enoughasp to include 204/16 well but also to incorporate three separate
updip trap scenarioand totals 190 kfa The model is divided into grid cells which hav@@0 m x 200 m grid
size. The model is rotated so that thedel azimuttwas orientatedavith the E-W striking faults(Figure23).

An average thickness of 0.8 m helped to capture thin heterogeneous layers as well as capturing thin cement
doggers,a nonrnet component of the reservokigure 27). Marjun sits in the distal section of the submarine

lobe and often sands can become very thin anddgeeeous, hence, finer layering can help to capture these

key features within the model.
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Figure23: Marjun model showing 200 x 200 mid skeleton grid populated with faults

5.3 Reservoir

5.3.1 Zonationand Layering

The geomodehas been constructed withreezones within the Sullom Formatioased on an intreeservoir
well log correlation of the Marjun wisl and the nearby offset wells. The thimmes comprise an upper
sandstoneone(3), an intra shale layer (2nd a lower sandstorzene(1) (Figure24).

16000 18000 20000 22000 24000 26000 28000 30000 32000 34000
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% 1 Zones

' B Zone 3
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Figure24: Intersection through geomodel showing three zones

The intrashale documented in 680.6-1Z (Figure 12) has been correlated aeighbouring well{Figure 25).
Below the semtegional intrashale layer Zone 1) log character at the Marjun and Marjun Appraisal well are
very similarshowing very spiky, heterogeneolasver GR readingsCore porsity and permeabilitgross plot
data fromZone 1 at6004/161Z and 204/227 form a grouped clou@Figure 26 (shadedrange)).As nosand
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is presentn well 204/211 (Tableb) it is possible to infeZonel sands are sourced from thestean edge of the
Judd High and correlate with those penetrated in 2@l/2227. 6004/161Z and 204/16L share similatog
character as thegre interpreted to penetrate the same fan (Blgrire25A).

Above he semiregionalintra-shale layer Zone 3) 6004/161Z and 204/241 share a similar log character
showing three clear sand puls&sgre 25). These three sand pulses are absent from 2@¥2ahd partially
present in the Marjun Appraisal welCore poro/perneross plots fron204/161 (Zone3) form a separatgroup
from thatof the data inZone1 (Figure 26). This in conjunction \th little sandbeing present in204/222Z at
this level(Table5), indicates thesediment is beingourced from the western edge of the Judd High at 2a4/21
While submarine fans are active on the western edge of the Judd High, fans are not active siarthedsse
and hence, background shale is depositedhown in 204/22Z. Unlike inZone1l, the sands i5004/161Z
and 204/16l in Zone3 are not derived from the same fan lobe.

Page3l



DONG

energy

Figure 25: A T10 Sullom sandstone intreeservoir well log correlation. A, B and C shashematics of the
gross depositional environment for eacme

Page32
































































































