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INTRODUCTION

Nalcor Energyc Oil and GaslInc. Newfoundlandand[ I 6 NJ progiidil &nergy corporation working with the Newfoundland and LabradorDepartment of Natural Resource§ DNR)engaged
BeicipFranlabto conductanindependentresourceassessmendf the OrphanBasinareafollowingon the resourceassessmenof the FlemishPassarea(NL15 01EN)in 2015
TheunderexploredWest OrphanBasinhasrecentlydemonstratedmaterial potential after new regionalseismicdata uncovereda largeplay trend in the LowerTertiarysandsindicativeof turbiditic
fan complexesThefindingandidentificationof this new playtrend isto be presentedat the 2016 Societyof ExplorationGeophysicist§SEGinternationalmeeting,Dallas, Texas.

Theobjectiveof this projectis to conducta seismicreservoircharacterizationpasinanalysisplay risk analysisand resourceassessmentor the areasubjectto the upcominglicenseround (NL16-
CFB1 - November2016) basedon availablegeologicabnd geophysicatlata. Thefinal deliverablesof this projectincludea detailed BeicipFranlabinternal report for Nalcorand DNRand this Public
Atlaswhichsummarizeshe main methodologiesand keyresultsof the resourceassessmenproject
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MAIN RESULTS

Gross

Depositional o o
Envionment  BeicipFranlab petroleum system resource assessmentof the Orphan area demonstratesa prolific

petroleum systemwith five main reservoirssourcedby four constrainedsourcerocks Timingof burial
regarding traps formation enableshydrocarbons(HC)to be trapped and sealed regionally through
rotated Jurassicand Cretaceousblocks and large Cretaceousand Tertiary turbidite/contourite
Stratigraphic/Lithological complexes The petroleum system model is calibrated to the presenceof HC fluids independently
3D Modelling demonstratedby a seismiaeservoircharacterizatiorwork on 2D and 3D volumes
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Identified in the West Orphan Basin, Offshore Newfoundt&6e" Annual International Meeting, SEG, Expanded Abstracts.
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STUDY AREA

The EasternNewfoundlandRegionrepresentspart of the North Atlantic Mesozoicrift systemwhich includesthe
JeanneR Q! Qifbanand FlemishPas®Basins

In November2015 NalcorEnergyand BeicipFranlabbeganthe resourceassessmentf the Orphanarea Toallow
for a transition into the previousresourceassessmenwithin the FlemishPassarega the study scopewas set to oond .- 3 1 L 1 L L L
includethe NL-O2ENsector(2016licenseround area)and surroundingacreagefor completeness L~ \,\f

OnApril 7, 2016the CanadaNewfoundlandand LabradorOffshorePetroleumBoard(GNLOPBannouncedhe Call
for BidsNLL6-CFB1. The block definition includes13 parcelsof land ¢ four (4) from the previouslyannounced N\ oo
NL15-01EN Callfor Bidsand nine (9) from NLO2-EN Sector¢ with bids closingin Novemberof 2016 The land
availablein this call is under the new Scheduled_andTenure System http:// www.cnlophca/pdfs/cfntechdogodf.

Interestedpartieshaveuntil 12:00 p.m. NSTon November9th, 2016to submit bids for the parcelsoffered in Call
for Bids NLL6-CFB1. Further detailed information pertaining to this Call for Bids can be found at: i 0 i

10N~

www.chlophca/exploration/issuanc@hp#bidsactive
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DATA SET

1. Tenwells were usedfor the study Eachwell containsa set of petrophysicallogs,
stratigraphicmarkersand geochemicateports:

A BaieVerte }57 A BlueH-28

A GreatBarasway=66 A LinnetE63 (outsidethe modelledarea)

A BonavistaG99 A HareBayE-21 (outsidethe modelledarea)
A CumberlandB-55 A MargareeA-49 (outsidethe modelledarea)
A Sheridan}87 A LonaO-55 (outsidethe modelledarea)

2. 2D seismicsurveys (regional, 10x10km and 5x5km grids) interpreted by Nalcor
coveringan areaof 38,000 km? within the Orphan/FlemisiPassbhasins(2012-2015¢
Nalcorinvested TGS/PG$roadbandlong offset multiclient NE NewfoundlandSlope
SeismidProject)

3. 4,600 km2 3D Survey(2015Nalcorinvested TGS/PG$8roadbandlong offset multi-
client project).

4. A set of nine horizons were interpreted in both surveysand eight associated-

Isopachmaps
A Seabedp My A @55, TopCretaceous65 Ma
A C10, Mid Neogene 10 Ma A K114, TopMid Aptian,114Ma
A 24, TopPaleocene24 Ma A 3145, TopTithonian,145Ma
A 45, TopMid Eocened5Ma A BaseMesozoic251Ma

A 54, TopPaleocene/BasEocene

5. Faultsetspickedfor structuralevolution,reconstruction,and 3D modelling ?

Orphan Basin
Resource assessment

Orphan Basin
Resource assessment

St John’s

Gelcondg--64 ]

The 2016 Orphan BasinResourceAssessmenfAOl sharesits eastern boundary with the 2014
NLO1-ENSector Nalcorand BeicipFranlabextendedthe main structuraltrends, seismichorizons,
andpaleogeographimterpretation from the FlemishBasinto the OrphanBasinto secureregional
consistency

Flemish Pass Flemish Pass
Resource assessment Resource assessment

Page.5
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DATA SET REVIEW AND RELEVANCY

Regionaleismicinterpretation
The seismicinterpretation of the sector coversthe entire Upper Jurassido presentday It was
calibratedon the variouswellsavailablefor the studyarea

The regional seismicinterpretation on a 10x10km grid was adaptedto the play study scale It
identified the main traps (with a minimum of 10 km?), the main structural features(depocenters,
slopes,main regionalfaults), seismicresponseof the regionalpaleoenvironmentsettings,aswell
as seismicobjectsand anomaliesthat may correspondto sedimentaryfeaturessuchaschannels,
deepseafans,etc.

Thisinterpretation highlightedtraps with in-placevolumesof the order of 100 MMbbl equivalent
(10-15Mm3) or higher

3D seismicdataandinversion
Thestudy had accesdo a 3D fast track processedseismicvolume No well penetratedthe 3D area
andoffsetand pseudowellswere usedasa constraint

Well geologicaldata

Thestudyalsousedthe comprehensivevell information on the 10 wellsavailablewithin the study
areaor in its vicinity. Theseincluded logs, paleoenvironmentdata, core, temperature, pressure,
HCrecordingsplus regional geologicalstudieson EasternNL and existingwell correlations This
data provides a reliable framework for the play definition, internal subdivisions,and key
characteristicsof the wells such as net-to-gross,reservoirs,averageporosities, carriersand seal
occurrence

Geochemicahnd petroleum data

Thematurity data for the wellswasabundantalthoughnot very precise(Ro,Tmay. Maturity data
canbe correlatedto well logsandusedfor comprehensivéuildingof TOQogs TOOmeasurements
were madeon cuttingsand cores Theexistenceof a provenand efficient petroleum systemin the
neighbouringbasins(Jeanned'Arc and FlemishPass)with similargeologiccharacteristicsprovides
ausefulanaloguefor the Kimmeridgiarsourcerock characterization

Reliabilityandaccuracyof the resourcesassessment

The data quality ensureda reliable and reasonablywell constrained3D geologicalmodel of the
areacould be built. Thecorrespondingoil and gasresourceassessmentanbe undertakenwithin
an acceptableaccuracycovered through the low and high cases,constrainedby independent
seismiaeservoircharacterizatioranalysis
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HYDROCARBON PLAY RESOASSESSMENT METHODOLOGY
A Definitions
A A Thehydrocarbon(HC)play resourceassessmenimethodologyfollows the PetroleumResourcedanagementSystem

(PRMSEuidelineq2011]) for Prospectiveand ContingentResourceassessment

A Theassessmentvasbasedon the deterministiccomputationin the areaof interest of oil and gasvolumesin place
The simulationincludes3D numericalgeologicalmodels of lithofaciesdistribution (sedimentarysystemmodelling)

| . and of 3D structural oil and gasgeneration/expulsion/migratiorand entrapment (petroleum systemmodelling. The

! ‘ - softwarepackagesisedare5 A 2 y A & Zfér StirRedtationand¢ S Y A & G (Brdetroleumsystem)

Bonana 74 ’ A Thesedimentarysystemmodel was calibratedagainstwell data on sand/shaleratio, paleowater depth, and known

depositionalsetting at the wells (shoreface,shelf, slope, etc.). The matchingwas done at a third order sequence
stratigraphicscaleresolution Thepetroleumsystemmodelis calibratedagainstmaturity, temperature,pressuredata,

oil and gasoccurrence and quality. Thematchingwasdone at the resolutionof the 3D geologicaimodel usedin the

simulation,andthe precisionof data(i.e., Vitrinite N0.15%).

A The calibrated geologicalmodel was consideredas a Reliable ReferenceGeologicalModel (RRGM)or reference
scenaricof the variousplays

Cutoffs on
_ Kg HC/m2 or
UnriskedVolumes HC saturation or
HPHISO
A The HCchargein a play includesareaswith low (residual)and high (concentrated)HC S——
content (in kg/m?). Cutoffson HCconcentrationcan be selectedto define the low, most HG massenartition g
likely,andhighcase £
Probability

A Some numerical parameters of the Reliable ReferenceGeologicalModel (RRGM)may
remainunconstrainedwhile still allowingfor a consistentcalibrationagainstobserveddata

A The computed oil and gas volumesresulting from the RRGMnumerical simulation are P90 .
referredto asUnriskedvVolumes Computed volumes in place

Thesensitivityanalysisperformed on the RRGMprovidesa distribution of computedUnrisked e MMbbl/Mm
Volumeswhich can be characterizedby the P90, P50, and P10 thresholdson the volume
distribution curveobtainedfrom the sensitivityrunsoutcomes

P10 i

4 —
®) Individual Sensitivity run result and cutoff

PRMS Guidelines 20Hitp://www.spe.org/industry/docs/Petroleum_Resources_Management_System_2007.pdf
Page.7 =
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EXPLORATIONSTORY

The drilling of Tors CoveD-52 in the early 1960s marked the beginningof hydrocarbonexplorationin
Newfoundlandand [ I 6 NJ d¥$hotd o date, nearly 160 exploration wells have been drilled in
Newfoundlandand[ I 6 NJ oRshdvdquéisdiction Many of thesewells have beendrilled in the Jeanne
R Q! Bedihwhere currently four fields are in production and one is slatedto start production in 2017,
Productionto date hasbeenin excesf 1.5 billion barrelsof oil. Explorationin the deeperwatersof the
EasternNewfoundlandRegion(Orphan/FlemistiPassBasin$ followed the initial explorationon the Grand
Banks

The first well in the assessmentarea Gabriel G60, was drilled in 1979 and encountered Hibernia
equivalentreservoir however,no mature sourcerock was encountered The Baccalieu-78 well (1986
encounteredgood EarlyCretaceouseservoirsand confirmedthe presenceof good Kimmeridgiansource
rock SubsequentlylancasterG-70 encounteredLate Jurassisandstonesand also Kimmeridgiansource
rock TheKyleL-11well, alsodrilled in 1986 encounteredearly Cretaceouseservoirsandstones

After a decadeof no activity, new multi-client, exclusiveseismicgrids and the first 3D survey were
collected In 2003 Petro Canadeet al. drilled MizzenL-11 and intersectedexcellentreservoirsin the Early
Cretaceousand Late JurassicThiswell had 5m of light oil payin EarlyCretaceousandstoneshowever
the resourcewas deemed non-economic In the sameyear, TuckamoreB-27 was drilled by the same
companies Tuckamoredrilled through thick Cretaceousandstone neverthelessjt waswet and the well
was¢ 5 Bdiorereachingthe Jurassidnterval However,new 2D seismicover this well locationindicatesa
thick Jurassi@agedsection

In December2008 Statoilet al. spuddedMizzenO-16 andon April 8, 2009 the companyannouncedan oll
discovery Thewell tested oil from LateJurassicandstonesandthe resultsspurreda renewedinterestin
the FlemishPassBasin Themostrecentoil discoveriedy Statoilet al. ¢ Harpoonand Baydu Nord (2013
¢ are surroundedby the parcelsoutlining the Callfor Bids(NL15-01EN. The Baydu Nord discoverywas
describedasthe largestoil find in the world for 2013 with estimatesfrom Statoil of 300 to 600 million
barrelsof oil recoverableIn 2016 Statoilannounceda new discoveryat Baccalieland Bayde Verde

In the easternside of the OrphanBasin,the GreatBarasway~66 well (2006 drilled a thick Jurassiaged
sectioncontainingTithonianand Kimmeridgiansourcerock Eventhough this well wasunsuccessfuin a
discovery,it yet againdemonstratedthe presenceof regionalsourcerock TheLonaO-55 well drilled in
2010 althoughan unsuccessfupetroleum discoveryalsoencountereda thick Jurassisection Themost
recentactivity in the OrphanBasinwasin 2013where MargareeA-49 becamethe third deepwaterwell in
the basin Again this well encountered a Jurassicsection, but unfortunately, was unsuccessfulin
discoveringoetroleum

With the emergenceof NalcorEnergy,Newfoundlandand[ I © NJ chh@mekeiigycompanyin 2007, a
commitment was made to investin new geosciencedata to unlock the next offshore areasthat may
contain material prospectivity In late 2010 with AirbusDefenseand SpaceNalcorundertooka regional
oil seepmappingandinterpretation studyencompassingll of offshore Newfoundlandand Labrador(over
1.5M km?). A subsetof the satellite data acquiredduring this surveyimagedareasof potential natural
seepagean the EasternrNewfoundlandRegion(Orphan/FlemisiPasBasing, suggesting regionalworking
petroleum systemand, coupledwith the recent 2009 MizzenO-16 discovery,highlightedpotential new
areasfor oil exploration
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To better understandthe potential nature of prospectivityin this region,in 2012 Nalcor invested
with globalseismiccompaniesTGSnd PGSn along offset broadband2D multi-client seismicgrid of
10x10km data over the FlemishPassarea Thissurveywas an extensionof the 20112012 Nalcor
investedTGSand PGSegional2D seismigprogramtargetingthe slopeand deepwaterareasoffshore
Labrador

In 2014 the initial 10x10km grid was infilled, resultingin a 5x5km grid over the FlemishPassWith
thesedata, an independentresourcesassessmenbf the FlemishPassareawasreleasedin advance
of the 2015 Callfor Bids The land salewasthe largestin the LINR2 @ Ahiston r@siiltingin $1.2
billion in work commitmentson sevenof the 11 availableblocks

Continuingthe investmentwith TGSand PGSa 4600 km? 3D surveywas acquiredin 2015 over a
portion of 2016 Call for Bids (NLL6-CFB1) along with a partial 10X10km infill program for the
Orphanareawith the intent to completein 2016 Alsoin 2015 Nalcorinvestedwith MG3 and AGlon
a seabedcoring study conductedwithin the Orphan/FlemisiPassBasinswhich assistedn providing

insightinto the petroleumsystempotential of the region
Page.8 =
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GEODYNAMIC SETTINGS

The Orphan Basinis located at the NEedge of Newfoundlandmargin By its geographical

Greenland x > . . | £ position, the OrphanBasinwas subjectto two consecutiverifting episodesrelated to the North
Plate _ e N 24 -7 AtlanticOpening
e “ o Yo \ A first the NW-SEoriented extensionin the LateJurassie EarlyCretaceouselatedto the rifting
R,:}geg\%,}] / B o, &S betweenNewfoundlandandIberia(Phasedl, Ill),and
S o 3 2 A the NESWoriented extensionin the EarlyCretaceouselatedto the Newfoundland- SWirish

: marginrifting (PhasdV).
: _ Plate )

ik o \ A % v The CharlieGibbs Fracture Zone and the Orphan Knoll, just west of the Continent Ocean
: N°""I‘D;°"t“°'i°a = b Transition (COT),mark the northern limit of the basin The FlemishCap and the Bonavista
s # ' Platform bound respectivelythe easternand western limits of the basin Its southernlimit is

definedby a strongpositivefree air gravimetryanomalywhich separatest from the JeanneR Q! NJO
Basin

TheOrphanKnolland FlemishCapare interpreted asrelativelyunthinnedcrustalmaterialwith a
thicknessof about ~20 km and 30 km, respectively Localizedintense thinning areas were
detectedin the west and eastof the basinwith crustalthicknesslessthan 7 kilometres Synrift
sedimentsrun from the Late Jurassicto the late Early Cretaceous The Orphan Basin is
characterizedy the predominanceof NESWoriented major crustalnormalfaultsinitiated in the

: f,,ﬁ,;:,P*1ase L A % LateJurassicThesenormalfaultsroot downin the ductile middle or lower continentalcrust The
"= \ H2e largest northwestwarddipping normal faults, defined by large half-grabensand filled by thick
7 il successionsf LateJurassisediments are foundin the centre of the OrphanBasin
Reconstruction of the north Atlantic (Early Cretaceous) based after
Seton etal.2012
W E

Km- WEST ORPHAN EAST ORPHAN FLEMISH PASS BASIN

TN

o "
TR ST

Seismidata from Nalcor invested TGS/PGS multiclient 2D broadband long
offset seismic program offshore NewfoundlaB@122015)
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STRUCTURAL STYLE

ThelLateJurassicifting episodehasbeendocumentedover a broad regionof the North Atlantic margins Thisphasecharacterizedby wide rifting affectsJeanneR Q! BASIDup to the

westernpart of the OrphanBasin TheTopTithonianlieswithin the synrift sequencelntensecrustalthinning centeredin the easternpart of the OrphanBasinhasbeenobserved

Earlierinterpretationssuggestedo Jurassicedimentswere presentin the westernpart of the OrphanBasin However new data and subsequeninterpretationshavedemonstrated

the impactsof Jurassicifting hasextendedfurther than previouslythought, allowingfor the depositionof Jurassicedimentsthroughouta largeportion of the WestOrphanBasin

TheEarlyCretaceousift episodeis preferentiallylocalizedin the westernpart of the OrphanBasin Faultreactivationhasbeendescribedn the LateAptian Failedrift and associated
EarlyCretaceousgneousintrusionscharacterizethe northernmost part of the West OrphanBasin In general,the Late CretaceougincludingAlbian) sedimentsare relatively thin
throughoutthe basinand showflat-lyingsuccessiombovethe TopAptian Unconformity,suggestingninor subsidence

TheBaseTertiaryis well definedregionallyall over the OrphanBasinand mergeswith the erosionsurfaceon tops of the majortilted fault blocks Progressivelownlapsoverlayingthe
BaseTertiaryillustrate a regionalthermal subsidenceof the basinin the EarlyTertiarytime.
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SEISMIC CHARACTERIZATIDIVERSION & LITHOLORREDICTION

InversionProcessA constrained3D pre-stackinversionwith wells outsidethe 3D survey

I Run2D sequentialinversions the initial inversionsare constrainedby existingwells alongor near 2D
surveys,subsequentintersecting2D lines are constrainedby pseudoewells extractedfrom the already
performedinversions These2D linesallow for loop tie connectiongo the 3D survey

a. Theuse of robust 2D velocity modelsto constrainthe 2D inversionsensuresthe consistency
betweenthe linesin termsof impedancevalues
b. Thissequentialworkflow ensuresafine estimationof the mostappropriatewaveletfor eachline.

ii.  The3D volumeis inverted usingmore than 20 pseudowells extractedfrom 4 different lines crossing
the 3D survey

lii.  Elasticinversion of the 3D volume provides petro-elastic moduli (P and S impedances)for use in
lithology predictionandfluid assessmentwithin the Tertiaryfan complex

a) Interwell, anadvancedseismicsoftwarefrom BeicipFranlabhasbeenusedto run the inversion

Situationand Challenges

A TheAVOeffectsobservedn the OrphanBasinhaveyet to be tested

A No well data existswithin the 3D survey Severalells are locatedalong 2D seismiclinesthat allow for a
sufficientconnectionto the 3D survey

A Lonawasthe onlywell with SImpedanceusedin the inversionworkflow.

Anglestack sections (3D volume)
highlighting AVO effect above the displayed horizon
SCREI AT ) ) NG TR R IV

NearMid : By i HUATTE: £ AR

Far
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SEISMIC CHARACTERIZATIBIVERSION WORKFLOW

Velocitymodels

A Velocity models are consistentbetween 2D lines and provide a comprehensive
constraintto the 2D inversions It is encouragingthat the velocity volumesfrom
seismichavehigh correlationswith the well data (DTsonicand VSP)

A The velocity models and local empirical relationshipsfrom well data between
velocity and impedanceprovide the very low frequency content of the P & S
invertedvolumes

-
Velocity model

A Priorimodel: Density,P Impedance,SImpedance

A Thea priori modelis a combinationof the backgroundmpedancetrends, well data, pseudowell
data and correlation lines The correlation lines were generated from horizons and the
depositionalmodel

A Thehigh correlation of velocitiesbetweenwells, pseudewells, and the seismicdata resultsin a
robusta priori modelfor eachinversion

A Thea priori modellingis a key step asit providesthe very low frequencyinformation that seismic
cannot provide and capturesthe burial trend that allowsfor the prediction of P and S absolute
valuesin the inversionresult

IP/ISRhoba priori model generated from
velocities, wells and horizon

Waveletoptimization - ‘L “

A Thewaveletis the keyoperatorwhichtranslatesthe seismicamplitudesto impedancevariations o0 0T ”

A Zerophasewaveletsare extractedfrom the anglestacksusingauto and crosscorrelation between ol J kf
neighbouringseismidraces 5200010

A The well-to-seismiccalibration and the wavelet optimizations (phase and energy) are performed el
simultaneouslyusingavailablewell data, pseudowells and seismicangle stacksresultingin unique ook

waveletsfor eachanglestackand dataset

Stratigraphicinversionwith InterWell

A Asthe stratigraphicinversionwith InterWellis modetbased,the tuning of key inversionparameters
ensuresan attenuation of the overallrandomnoiseby discardingunrealisticAVOresponses

A Theelasticinversionprovidesoptimal P and Simpedanceto estimatethe lateral and verticalchanges
of the lithology, porosity,or fluid content

Page.12
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SEISMIC CHARACTERIZATIONHOLOGY PREDICTION

Petro-elasticmodel

A petro-elastic model has been establishedbasedon availablewell data with DT, DTSand density logsin wd ot bbbl
Easytrac&, a log managersoftware dedicatedto seismiccharacterization Theaim of this stepis to link the P L
elasticmoduli (in this caseP and Simpedance)}o reservoirproperties,suchaslithology and porosity. T e |
£
In the petro-elastic model, the burial trend for shalesis well captured, from the lower impedances I= 3
. . . . o
(uncompacted to the higherimpedancegcompacted)In sandsthe availabledatasamplesrom highlyporous =
sands(low impedance)to tight sands(highimpedance) The sampledsandsare in generalvery clean,water- S
saturatedwith porositiesup to 30% Pand Simpedancefrom LonaO-55 providea cleardiscriminationbetween ‘?f
cleansandsandshale,independentof burial depth. g [
n [ ] sand
High e bowe bt ool ot I Shale 3
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Discriminantanalysisfor sandprediction
“’n ‘ o \‘“' Iy (

Usingthe petro-elasticmodelasthe lithology predictor for the 3D dataset,a discriminantanalysis
(sandprobability) hasbeenproducedfrom the inverted Pand Simpedances

Low

Thesandprobability volumesidentify multiple anomalieswith high potential for sandon 2D lines
andacrosshe 3D surveywithin the Tertiaryand CretaceousSomeof thesebodiesappearto have
high porosity (~30%), as they correlate with the lower impedancesof the sand clusterin the
trainingsampleqLonaData)

Theimageon the left hasbeenextractedfrom the sandprobability volume It illustratesthat the
Tertiary fan complexis clearly distinguishablefrom boundinglithologiesand has potential sand

contentboth in the proximalanddistal portions of the fan.

-ve

Implementation of multi-disciplinaryworkflow

Thepresenceof overpressurewhichwould justify the presenceof highlyporoussandsat prospectdepth, is supportedby resultsfrom the TemisFloviM petroleum
systemmodel Fluid escapestructuresobservedbelow the prospect,that potentially act as migration pathways,provide additional evidenceof the presenceof
overpressurawithin the basinat reservoirlevels

In addition, the successiomf sandand shaledepositsidentified from the inversionhelp constrainthe stratigraphicand lithological DionisosFlowWM model by fine
tuning the nature, the numberand the positionsof the sedimentsourcesto properly simulatethe directionsand the geometriesof the turbidite complexwithin
the 3D area Thisintegratedapproachreducesreservoirpresenceand quality riskswithin the 3D area


http://www.beicip.com/
http://www.nalcorenergy.com/oil-and-gas.asp
http://www.nr.gov.nl.ca/nr/

BeicipFranIab‘

Offshore Newfoundland & Labrador Resource Assessment

Orphan Basin Area NL-TE-B01 Q nalcor NGWIbl?%dlaﬂd

energy Labrador

SEISMIC CHARACTERIZATIBINUID CONTEMBSESSMENT

Introduction and hypothesis

Threemainparametersdrive the impedancechanges
1. Lithology
2. Porosity- Anincreasdeadsto lowerimpedancevalues

3. Fluidcontent- Fluidsimpactboth Pimpedance(viaP velocityand density)and Simpedance(viadensity)

A fluid assessmenhasbeencarriedout to test for the presenceof hydrocarbonsandto correctthe porosity predictionsfrom the fluid effect asthe training samplesfor porosity assessmenéare
basedonly on water-saturatedwells. Fourfluids havebeenconsideredwater, heavyoil, light oil, and gasin the analysisElastionoduliand densityof thesefluids havebeencomputedat expected
reservoirconditions Basedon existingwell analysist is likely that fluid discriminationin this casecanonly be interpreted with confidencein the cleanestsands

Fluidanalysis

Awater-line wasderivedfrom the cleansandsat Lona,whichassociate$’ impedance
and Simpedancevaluesto a water saturatedcleansandline with a given porosity.
Thered and blue points plotted on the impedancecrossplot representextracted IP
and IS values from within the clean sands on the lithology prediction Fluid
substitution simulationswere subsequentlyrun to identify the porosity and the fluid
that would bring backthe anomalouspoints to the water line usinga Monte Carlo
algorithm The 3D analysisshowsthat many pointsin the updip/proximal part of the
fan that lie in the cleanest sand locations clearly indicate the presence of

hydrocarbonsmost probably light oil, with a corrected porosity range from 24% to
28%

Applicationon volume and limit of the method

Basedon the crossplot it has been possible,within the cleanestinterpreted sand
facies to apply a discriminantanalysison the 2D/3D P and Simpedancedo identify
potential hydrocarbonsaturatedcleansandlocations Someof the cleansandlayers
show hydrocarbonswhile others are water saturated It is alsoencouraginghat the
hydrocarbonpoints are consistentlypopulatingupdip from the interpreted water leg
on all the linesthat intersectthe fan complex

It is still difficult to identify a fluid contactbasedon this analysisasit is only valid for
cleansandsandthe increaseof the shalecontent from the proximalto distal parts of
the fanislikely maskingthe fluid detectionin lower Netto Grossareas

P versus 8mpedance, watefline and extractions at reservoievel
Testsindicate the presence of HC (most probably)oil

Extraction at
reservoir level

@ \Water sample

' @ HCsample

! |:| LonaSand
o ¢ - LonaShale

Simpedance(g cm® m/s)

Pimpedance(g cm3 m/s)
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Nine depthmaps were picked from the
seismic grid and used to define the
skeleton of presentlay model
geometry.Six are shown here for
illustration purposes.
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