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ABSTRACT

The Penobscot Area is located within 8wotian Basin, northwest of Sable Island, offshore
Nova Scotia and comprises geological formations with representative properties for petroleum
system in the basin. The Penobscot dataset includes a 3D seismic survey coverirgt®d km
well logs and corrgponding cored intervals totaling nearly 52 m. The cored intervals provide a
detailed analysis of the Abenaki and Lower Missisauga formations, both known reservoirs within
the Scotian Basin. PenobsceBD and Penobscot-81 are 2 of 180 exploratory wellsat have
been drilled in the Scotian Basin since 1980. Both wells had hydrocarbon shows, however were
not considered to be economic.

This study has been designed to determine whether seismic inversion, in conjunction with
3D seismic and well datasets, yigtes a valuable analytical tool of the rock properties of strata in
the Scotian Basin. The analysis of the 3D seismic is completed using geologic software (e.g. Petrel)
to interpret the seismic facies, structure, stratigraphy, and seismic attributesafdlgsfocus of
this study is on seismic inversion that solves for acoustic and elastic properties from the 3D seismic
data. Inverting the seismic data from a reflector to a layer property provides a clearer understanding
of the subsurface geology and thetential hydrocarbon reservoirs within the survey. Seismic
inversion is used to correlate the well logs across the seismic survey to define the reservoirs of
interest. The cored intervals from both wells are studied, examining the characteristicyefdiff
lithofacies and their corresponding depositional environments. The lithofacies from the core are
tied to the well logs to develop petrophysical facies, and then tied to the seismic data to define the
seismic facies. The inversion result confirmscbaelation of the lithofacies to the petrophysical
facies and enables the geological properties to be known within the entire survey area.

Keywords:Penobscot survey areseismic inversion, acoustic impedanempedanceseismic
facies, lithofacies
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CHAPTER ONE T INTRODUCTION

1.1Objectives

The purposeof this thesis is talefinethe seismic facies, structure, sequence stratigraphy and
seismic attributesf the Mesozoicand Cenozoicof the Penobscot area, offshore Nova Scodia
interpret the depositional settinbhis analysisis basedn parton a3D seismic survelocated on
the Scotian Shelf, within the Scotian Bagfigure1.1).The Penobscot area covers 8 ZKocated
southwest ofmainlandNova Scotia(Figure 1.1).The focus of thenterpretation ison seismic
inversion the first nonproprietary analysis completed on the Scotian mangith acoustic
impedance, which solves for the acousticl elastiproperties of seismic datdnverting seismic
reflections to agustic impedance provides a greater understanding of the subsurface geology in
terms ofstrata and lithologySeismic inversionalso is valuable fodetermining hydrocarbon
potential, and could assistuture exploration projects within the Scotian Bashcoustic
impedance also produces more accurate and detailed structural and stratigraphic interpretations
than can be obtained fromismic interpretationin this study data derived frorseismic inversion
will answer the question of whether acoustic impedance, in conjunction with seismic and well data

can determinand confirm lithologies within the Scotian Basin.

1.2 Scope of Study:

To understand the benefits of acoustic impedance, components of the Pedalesset are
analysed and compared to the final inversion result. These components include well log data from
two wells in the area, Penobscot30, which can be identified in figure 1.1. There are cored

intervals from each well, two cores from Penob4c80 totaling 17m of core from the
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Figure 3.1: Location of Penobscot study area offshore Nova Scotia. Detail identifies the Penobscot are
the pink polygon and location of both wells within datase{modified from Tobey, 2012, unpublished).



Abenaki Formation and four cores from PenobscdtlBotaling 42 m of core from the Lower
Missisauga Formatiornlhere are accompgimg wireline logs for each well which are analysed
using geologic softwarencluding Petre] Techlogand Jason.After the analysis of all the
component®f the Penobscot dataset, seismic inverssamsed to correlate the well logs across
the seismic survey to define the reservoirs of interasd interpreting the depositional
environmentThe cored intervals from both wells were studieihterpretthe characteristics of
different lithofacies andhfer their corresponding depositional environments. The lithofacies from
the core were tied to the well logs to develop petrophysicasiaarid then tiedio the seismic data

to define the seismic facies. This stuslthe first detailed study on the benefits of seismic inversion

within the Scotian Basin.

1.3 Study Area:
The 3D marine seismic survey of the Penobscot@male1.1) was acquired by Nova Scotia

Resources Ltd. in 1992.

Table 1.1: Latitude and longitude coordinates of the corner points of the seismic survey located offshore Nova
Scotia (CNOSPB, 2007).

Decimal Latitude Decimal Longitude
44.08333 -59.87500
44.08333 -60.25000
44.25000 -60.25000
44.25000 -59.87500

The study area is located on the Scotian Shelf offshore Nova Scotia, Canada, close to Sable
Island (Figure1.1). The survey is 7.2 km long and 12.08\kide making the total area 86.62 km
The inlinerange is from 1000 to 1600, the crossline range is 1000 to 1481 and the Z range in
milliseconds 0 to 6000 (CNSOPB, 2008). There are a total of 241 seismic lines of very good

resolution in the northeast to southwest direction that cover the entire sueeefFayre 1.2).



This amount of good quality seismic lines allows for claritynterpretingthe structurafeatures

of the subsurface geology (CraaedClack 1992, p.7)

1.4 Exploration History in the Scotian Basin

Seismic coverage available over Parcel 1
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Figure 1.4 Locations of all seismic lines available for the Penobscot Area (CNSOPB, 2013).

Exploration in the Scotian Badregan in.959and nowtotals 207 wells drilled CNSOPB,
2010. Given the large size of the Scotian Basin, it is virtually unexplored, for most of the wells
drilled are located withinthe Sable Subasin (CNSOPB, 2030 To date, 23 hydrocarbon
discoveries have been made offshore Nova Scotia, only eight of them dmmgercial
discoveries and numerous others having oil and gass{i@WSOPB, 201) In total 400,954 km
of 2D seismic and 29,512Krof 3D seismichave beemcquired (CNSOPB, 20)0Traps that have
been testeavithin the Sable Subasin are roiver antitines, with five fields currently under
productionwithin thesdrap configuration§CNSOPB, 201)) The Lower Cretaceous, Missisauga

Formation has been host to some of the major producing fiettsetancluding Alma and North



Triumph, which compriseheltmargin delta complexe€(mmingsand Arnott, 2005). Both of
these fields are part of the Sable Offshore Energy Pr($€2ER, and have excellent sastdne
reservoirs with high iplace gaseserves (CNSOPB, 201LWith advanced knowledge of seismic
dataandinterpretation of thdithology of the area, distribution and the evolution of simetrgin

deltas in the Sable Delta complex can be better understood, and future pnospdtsound.

Companies have exploréor oil and gas reserves in thedBan Basinsince 1959Mobil
Oil Canada was the first to drill a well on Sable Island in 186Wonstratingvidence of a thick
CenozoieMesozoic successiomcluding the Late JurassiGable Deltawvith oil and gas shows
(CNSOPB, 2000)A total of 71 wels were drilled between 1967 and 1978, accompanied by over
140,000 km of 2D seismiECNSOPB, 201 Shell Canada then became interested in the oil and
gas potentiabf the Scotian margin in 1969, as wellRetreCanada, Huskfdow Valley, Encana

and BP Oil (CNSOPB, 20)0

Thefirst major gasdiscoverywas the Venture field just to the east of Sable Island in the
Cretaceous and Jurassindstone reservoirsf the Sable DeltdCNSOPB, 201 More gas
discoveriescontinued throughout the &9s at South Venture, West Venture, Olympia, West
Olympia, Arcadia and South Sable (Mobil), Glenelg, Alma, North Triumph, Uniacke, Eagle
(Shell), Banquereau (Petf@anada) and Chebucto (HusBpw Valley) (CNSOPB, 201p
Exploration and developmentriéing continued until 2005 by numerous companies, some
discovering gas reserves in ttielomitized limestones of the Late Jurassic Abenaki reef margin,
although the fluvo-deltaic sands of the Missisauga Formation continued to have the most gas
shows (CNSOPB,®10).In 1998, Encana began drilling on shallow Scotian Shelf and deepwater

Scotian Slope. These was named the Cohd&ssaike Project, which targeted gas in a dolomitized



limestone of the Late Jurassic Abenaki reef margin. From 1999 to 2005 more welldriled in

close proximity to define the areal extent of the Deep Panuke gas field (CNSOPB, 2008).

1.5 Practical Implications:

The presentstudy has been designed tdetermine whether seismic inversioim,
conjunctionwith seismic and well datawill provide a valuablanalysis of strata in the Scotian
Basin © aid in future exploration studies within the bdsyneasily distinguishing lithology with

inverted acoustic impedance.

1.6 Previous Work:

Since 1960 approximatelyl80 exploratorywells have been drilled in the Scotian Basin
(Mukhopadhyayet al., 2003) for the ppose of locating hydrocarbons. The hydrocarbons that
were found in the Scotian Basin are mainly gas amdle@asatesMukhopadhyayet al., 2003).
Since 1995, more licenses haveen issued for deepater exploration on the Scotian Shelf and
slopeas a result of the spika gas exploration in Néin America Mukhopadhyayet al., 2003).

Hydrocarbon exploration is cyclic and this has been the case offshore Nova Scotia.

CanadaNova Sotia Offshore Petroleum BoarCNSOPB) conducted one notable
publicatonf or Nova Scotia Resources (Ventures) Lt d
Seismic Survey on Penobscot E. L. 2353 Offshor e
locatedin the southwest corner of the data set ((Fegl.2), neither of whichhave prodwced
hydrocarbons. The easternmost well, PenobseB0,Ldrilled in 1976 by ShePetroCanada
(CNSOPB, 2008)had a minor showing of hydrocarboi$ie westernmost well, PenobsccdB,
drilled a year later in 1977 by ShePetroCanadadid not show evidence of hydrocarbons

(CNSOPB, 2008)Although the Penobscot Area is not producing, the lithologies present in the



area ar@roducing in other pargsf the Scotian Basirthis study is the first detailed analysis using
seismic inversion within the Scotian Basin and by examining the Penobscot dataset, there will be

appliedknowledge of this method aris applicatiornto future studies.

The Canad@lova Scotia Offshore Petroleum Boaftths collaborad with numerous
companiesincluding, ShellPetroCanada, ExxonMobiHusky and Chevrorto examinethe
geologyof the Sable SuBasin and the &tian Shelincludingtheopen source Penobscot 3D and

2D seismic datas¢CNSOPB, 2008).



CHAPTER TWO -GEOLOGICAL BACKGROUND

2.1 Regional Geology:

The study area is located on the Scotian Shelf, in the Sd&disin in the Sable sub
basin, ad some of the Abenaki sdi@sin.The Scotian Basin was a result of North American
plate becoming separated from the African plate during the lugak Pangaea. The basin is
approximately 300,000 khin area (Hansen et al, 2004), made up of foursagins and three
plateaughat form ahigh to low topography from the southwest to the northeast: Shelswsne
basin, La Have Platform, Sable and Abersakrbasins, Banquereau Platform, Orpheus Graben

ard Laurentiarsub-basin Mukhopadhyayet al, 2003).The layout of sulbasins and platforms

within the Scotian Basin can be observetigare 2.1.

W =P i

(=
Figure .l' Locations of subbasins and platforms that comprise the Scotian Basin. Red box indicat
where the Penobscot area is located (Natural Resources Canada, 2010).



2.2 1 Pre and synrifting of the Scotian Basin:

The separation of the North America from therigdn continent began in the Middle
Triassic when the Nova Scotia region was located close to the equator. The initial rifting phase
createdmany interconnected rift basimath fluvial red bed sedimestinfilling the basins, along
with volcanic rocksassociated with the riftingThroughout the Middle Triassic to the Late
Triassic, plate tectonicghiftedNorth America and Africa northwards, positioning the Nova Scotia
region in a suiequatorial area that resultedan aridclimate. Rifting continuedhrougtout the
late Triassic whe topographic barrierwas breachedandmarine water fikd the basinswith
deposition ofthe Eurydice Formationomprisingsiliclasticand carbonate sediments (CNSOPB,
2007). The sulequatorial climatgoromoted evaporatioof marine wates and createl the Argo
Formation of salt and anhydrite layers upttao km thick (CNSOPB, 2007). Paleographic

reconstruction of the Scotian Basin during the Late TriassicMl@s represented biygure 22.

During the Late Triassic, the Fundy Basin located to the northwest of the Scotian

TRIASSIC - ABOUT 210 MILLION YEARS AGO
(Fundy Gp., Argo & Eurydic ms.)
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Figure 2.2 Paleographic reconstruction of the Scotian Basin during the Late
Triassic during the deposition of the Argo Formation and the Eurydice Formation
(Atlantic Geoscience Society, The Last Billion Years, 2001)



Basin, was in a rifting phase. The rift created two grabens along the Scotian Basin, Mohican and
Naskapi (Figure 2), allowing sediment from mainland Nova Scotia to accumulate (\Wadke,

199%). In the Early Jurassic/ Late Triassic, tectonism continued, culminating in the formation of
the BreakUp Unconformity, where North America and Africa separated completely, forming

the prote Atlantic Ocean (CNSOPB, 2007).

2.2.2 Post riftingof the Scotian Basin

After theBreakUp Unconformity, the basin was covered with a shallow sea allowing thin
carbonates and clastics to form the Iroquois Formation. This was folloyvddpositionof the
Mohican Formationwith thick beds of coarse, clés fluvial sediments (Wadand MacLean,
1990). The Abeski Formation(Figure 24), made up of thick carbonate beds located in the
souttwestern part of the basiwasdepositedn the Jurassicearly Cretaceous as a result of basin
subsidence due &preading of the sea fladiorming acarbonate platformalong the basin hinge
zone and continued into deeper water, where clastics and muds were defdstédenaki
Formation ismade up of three memberthe oldest being the Scatarie Member, the Mesain

Member and the Baccaro Memi{@\NSOPB, 2008).

The MicMac Formatior(Figure 24), which consists of flug-deltaic sandsinterbedded
with tongues of therodelta shales of the Verrill Canyon Formatieas deposited in the late
Jurassicand marks the inial phase of uplift and delta progradation (CNSOPB, 2008). A
paleographic reconstruction of the Scotian Basin during the Late Jurassic tim&)als®
represented bYigure 23. The deposition of fluvialeltaic sediments continued into the early
Cretaceas forming the Missisauga Formation (Jansa et1890). This formatioms one of the
main reservoirs in the area. Aftdepositionof the Missisaugd&ormation(Figure 24), deliaic
sedimentation came to a halt and Logan Canyon sand beds intexfinggbrthick shale packages
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depositedduringmarine transgression (WadadMacLean, 1990)resulting in source rocks and
seal Mukhopadhyayet al, 2003). Maringransgression continued landwadhiisa et al., 1990)
depositing thickeshale packagef®rming the Dawson CanyoRormation, which has not been

identified as a source rock, howeverms an appropriate seal.

LATE JURASSIC - ABOUT 150 MILLION YEARS AGO |

= E(')GVULLAA:S (MicMac; Abenaki, Verrill Canyon Fms.)
Il DELTA <
SHALLOW WATER
S8 LIMESTONE BANKS
DEEPER WATER
== RIVERS

&l
LAURENTIAN
DELTA

REEF TREND
SHELBURNE

DELTA Hiustration by John Wade

Figure 2.3: Paleographic reconstruction of the Scotian Basin during the Late Jurassic during the deposition
of the MicMac, Abenaki and Verrill Canyon Formations. (Atlantic Geoscience Society, The Last Billion
Years, 2001)

The chalks of the Wyandot Formation wenesult ofeustaticsea level rise in the
Scotian Basin as well as subsidenoeating additional accommodation spaldee Wyandot has
a high amount of bioturbation (Ings et al, 2005), which creates a good reservoir for hydrocarbons
in areas to the south&taof Sable Island (Ings et al, 2005). During @enozoig sea level fell,
resulting in the creation of major unconformities. The Banquereau Fornfaigure 24), which
overlies the Wyandot Formatipdepositedby asuite ofprogradational delta, andcoarsens
upwards from shale to samddconglomerates (Hansen et al., 2004). The thickness of the
Banquereau changes from verycthalong the basin margin to more than 4 km thick beneath the
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continental slop&ith accommodation space forméde to salt whdrawal in thebasin(Natural

Resources Canada, 2010)
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Figure 2.4: Generalized stratigraphic column of the Scotian Basin (modified by Natural Resources of Canada
Wade and MacLean, 1990.
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CHAPTER THREE-METHODS
3.1 Data:

The data used in this researale an opersourced 3D seismic survey known as the
Penobscot dataset contributed by Nwowva Scotia Department of Energy and Canada Nova Scotia
Offshore Petroleum Boardwithin the survey area of 87 Knthe signal is strong until
approximately 3.0 seconds; 5 km depth. The survey includes 3D and 2D seismic data, however
only 3D seismic data was used for the purpose of this study. The datagatlaildes stacking

velocities, horizon data and well log data

3.2 Seismic acquisition:

To collect seismic da, an impulse sourcthis for marine data is typically an air gun that
releases highly compressed air, segdacoustic energy into the Earth (Mondol, 2010). The
acoustic energy propagates in different directions and gets reflected or refracted whehds r
boundaries between two geological layefrsariable densityMondol, 2010). Seismic receivers,
such asydrophones ardesigned to detect seismic energy in the form of pressure changes in the
water during marine acquisitioareplaced on the staceof the wateland measure the reflected
or refracted acoustic energy (Mondol, 2010). The hydrophones are combined toréanmess
that trail behind the seismic acquisition ves3gbically, the length of the steamer is abotf 4
km longwith approxmately 96 hydrophones along a 75 m long receiving secfioa receivers
convert the acoustic energy into an electrical signal that typically constssmic frequencies
in the range of 200 Hz (Mondol, 2010). A seismic tracerecorded that is derived from a
convolution (*) of the source signal and the reflectivity sequence of the Earth, plus noise. This is

represented by the equation 3.1:

Equation3.1Y wz'Y 0 & Qi Q
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In this equation, S represents the recorded seisneig Ras the reflectivityandW is the
wavelet (Mondol, 2010). The wavelet is a mathematical function that is used to divide a specific
function into different frequenciesallowing the operator tstudy each component with a
resolution that matches itgae (Mondol, 2010). Seismic data represents changasoustic
impedance (Al), which is the product d¢ n s i t y velogity (V)awitdin the subsurface

demonstrated in Equation 3.2
Equaton3.2 Al = 3} o0 V, in kg/ m”"3 0 m/s

whereas gemic reflectiongreflection coefficients, RGre caused by contrasts in the(A¢oustic

impedancepetween layersdemonstrated in Equation 3.3.

Equation 3.3'Y0O —— (Jasori aCGG Company, 2013).

Figure 31 demonstrates the coolational model, which ifilow the seismic is arrived at from the

reflection coefficients and the wavelet.

Al(t) RC(t) W(t) S(t)

Figure 3.1: Process of acquiring a seismic trace. The reflectivity coefficientge derived from the contrasts in
acoustic impedance, convoluted by an initial wavelédasona CGG Company2013.
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Accurate wavelet estimation is crucial to obtaatisfactory inversion results. The shape of the
wavelet will strongly alter the seismic inversion reswdtsd subsequent assessments of the

reservoir quality (Mondol, 2010).

A seismic trace is a time measurement that corresponds to one-sEm@icer @ir and an
offset represents the distance between the source and the receiver for a given trace (Mondol, 2010).
The traces from one source are simultaneously recorded at several receivers, the sources and the
receivers then are moved along the surveydimeé other recordings are made. The travel time it
takes for the seismic waves to travel from the source to a reflector (geological boundary) and then
back to the receiver is known as the iway travel time(Mondol, 2010). All of the traces that
correspondo the same source firing are defined as a gather, for the Penobscot survey the traces
were sorted by collecting the traces that have the same midpoint, which is a process called common
midpoint gatherThese common midpointeen arestacked vertically rd the number to which
they are stacked is known as a fold (Mondol, 20Th)s method reduces the sigitainoise ratio

to make the seismic trace easy to see. Fig@reePresents the common midpoint gather method.

Source 1 Source 2 Source 3 Midpoint Receiver 1Receiver 2 Receiver 3

Figure 3.2: Common midpoint gather method (modified from Burger et al., 2008.
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In marine acquisition, a 3D seismic survey vessel that tows up to 20 streamers at the same
time has multiple arrays of air guasdwill be more capable of producing more accurate images
of reflected waves becse it uses multiple points of observation (Mondol, 20llstratedby
figure 3.3. After seismic processing, the data can be represented as a 3D volume image of the

subsurface.

Figure 3.3: Towed streamer for 3D seismic acquisitioflON Geophysical,2010.

Once seismic data is acquired, seismic facies and structure of the subsurface were analyzed,

such as horizons and fayltsing different geological software.
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3.3 Petrel Software:

Petrel softwaréas several modules, including a moduolenterpretseisme data, allowing
interpretation of seismi@cies, structure, seismic sequence stratigraphy, and seismic attributes, all
used to help with the interpretation of a petroleum system. Inlines, crosslinediaes! for the
3D seismic dataset were prded and imported into Petrel and then interpreted. For the purpose
of this thesis, Petrel was used primarily to perform structural and stratigraphic interpretations, as
well as to create a tira®-depthrelation with the provided well log data and seisuahata. To
create horizon surfaces, the same reflection was mapped throughout the whole 3D package,
the softwareanalysis washen extrapolated between the 2D horizons to create a 3D surfase.
process was also done for creating fault surfaces. The two well logs were correlated with well top
markersto be able to correlate seismic horizons throughout the surveyaadgzetrophysical

facies were then interpreted.

3.4 Jason Software:

JasonSoftwareis a CGG Company The reservoir characterizatiopoftwareincreases
knowledgeof reservoirs through quantitative integration of seismic, well and horizon data into
predictive reservoir model3he software includes different solutions fmtroghysics and rock
physics, interpretation and analysis, model building, seismic inveasidgeostatistical inversion
(Jason a CGG Company, 2013)his thesis focuses on seismic inversigpecifically acoustic
impedance inversion (InverTrace Plus), whi@nsforms a single stack of seismic reflection data

to Pimpedance layer data.

The inversion type that was used during this study was the constrained sparse spike

inversion (CSSI), which is a method that integrates full stack seismic data, geological
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interpretation, and well log data to generate acoustic impedance that has a higher resotution tha

the input seismic data (Jas@CGG Company, 2013).

The benefit of using acoustic impedance is that inverted impedance gives a clearer image
of the actual substace geology and is areally extensive and compares directly to wells, as well
as assisting in interpreting horizons, faaltgl stratigraphic units. The seismic inversion process
also attenuates wavelet effects, reduceslsides and tuning effects, and gives the possibility of
extending beyond the seismic band. It forces well ties to be made and understood, and promotes

guanttative predictions of reservoir properties (Jas@aCGG Company, 2013).

Inverted acoustic impedance can be used as a lithology indicator to map lithology/flow
units accurately, serving as a porosity indicator as well as a hydrocarbon indicatoraltiocha
used as a tool for quantitative analysis. Seismic inversion is basically the reverse of seismic
acquisition. Seismic acquisition (as discussed in 3.2) is the convolutionk=rtheby the wavelet,
which gives seismic amplitudes. Seismic invarggthe deconvolution of the seismic amplitudes
by the wavelet, which gives acoustic impedance. Acoustic impedance shows a clearer image of
actual earth proprietiegspelling) than seismic because it is related to geological layers, not

interfaces (Jason A CGG Company, 2013). This processapresenteéigure3.4.
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SEISMIC ACQUISITION

Earth *  \Wavelet = Seismic
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Figure 3.4: Brief schematicexplanation of the process to obtain inverted acoustic impedan¢modified from
Jason a CGG Company, 2013.

3.5 InverTrace Plus Workflow:

Seismic data

J’e:
e AN
FAEREE

Wavelet estimation

v

Inversion

Ifs

T

i

31 -
> {4
S AR S Well/Seigmic Tie Low Frequency

Well data Modeling

Horizons

Figure 3.5: InverTrace Plus workflow.

Several steps need to be performed in order to obtain the best possible inversion result,
using seismic, well and horizon datehis order of steps is demonstratedfigure 3.5.From

imported seismic and horizon data, a grid is created and coordinates and survey definitions are
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stored within the gridThe seismic property, 2D or 3D, is imported as trace data and all well
information is imported ito one file, including the logs, tops, tracks and the ttordepth

relationship (as a time logyasori aCGG Company, 2013).

The next step is to test the data, known &esaaibility study. By looking at the well data,
the frequency range required foetbbjective and whether acoustic impedance inversion is the
right choice can be determined. To do this, a epbstof logs is created to see if arRpedance
cutoff will identify reservoir zones in the log plots. It is then important to eptsilteredlogs
to see if a Ampedance cutoff will still identify reservoir zones on the log plots at seismic

resolution(Jasori aCGG Company, 2013).

Once the zones of interest are determined, atitraepth relationship can be created using

seismic and weltlata. The method used to create a timdepth relationship for the Penobscot

dataset is known as Sonic (Backus Averaged). Sonic (Backus Averaged) uses analytical equations

to estimate elastic properties of well logs that are used in seismic datasaftélysar, 2013) The

sonic is backus averaged, signifying that a random time and depth from the seismic has been

chosen to create an initial tie and then integrated away from the datum point by entering a new,

known time andlepth(Jasori aCGG Company, 21B).

After the wells are tied to the seismic, a wavelet for each well can be estimated to create a

synthetic log at every trace of the seisriitavelet estimation is done at the well location, where

impedance, thus the reflection coefficients, and thenseirecord are all known. The inversion is

then the process of estimating reflection coefficients at each trace, far from the wells, using the

seismic and the estimated wavelBhe wells are usefbr wavelet estimatiofbecause both the
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geophysical and pephysical datas knownat alocation thathas already beerorrelatedJason

T aCGG Company, 2013).

The next step is to create mosl¢hatcontain geological informatiothat is used in the
inversion.The first modeheeds to bereated from the: Model Builder, which builds its models
with the use ofhe seismidata. Essentially it makes synthetic logs at every trace location using
the input well logs. The model is also made up of stacked layers that form a cube defined by the
seismic laterally and a chosen time/depth gate vertically, typically enclosing the zones of interest.
The layers are formed by the input horizons. Layers can be associated across faults so that the
wells will interpolate through the layer. The resultlofée Mo d e | B¥lidiMddel 6 s a
parametric model containing all the information needed to create an actual volume from the Model
Generator. It is a basic model for the geological struc{Uesori A CGG Company, 2013Y.he
next model to be creatas the low frequency model created from the Model Generator, which
uses the Solid Model to create values for every sample in a volume over the selected vertical gate.
It can generate a volume from any logs or other 1D function. It creates the low frequedel,
which fills in the frequency fAgapd between th
gap between the wells and the seismic depends on whether the dataset is offshore data or onshore
data. Offshore data have a gap of 6Hz while onshatieelthve a gap of 10Hz, this is because there
is more noiseyeneratedirom onshoredatadueto more interferences from subsurface features,
such as overburdem simple terms, the low frequency model accounts for the frequency data that

was lost duringaismic acquisitiorfJasori aCGG Company, 2013).

After all the steps are performed, the inversion can be run. With good inversion results, the

speed and quality of interpretation can be improved, as well as potentially double interpretable
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resolution, corpared to seismic. The method also reduces drilling risks and gives accurate

positioning and realistic reserve estimgtissori A CGG Company, 2013).

3.6 Core Description:
The Canada Nova Scotia Petroleum Board in Dartmouth, Nova $coti@edaccess to
six cored intervals from two separate wells. Well Penobse2@ tomprise two cored intervals
making up approximately 17 m of corEable 3.1 represents the depth intervals from which the
cores were takerBoth consist of carbonates from the Abenaki Formation, the firstisdrem
the Baccaro Member and the second from the Scatarie Member. The core locations are shown in
figure 3.6. Both coreare described inChapter 4.Dunhams Classificatio(1962), revsed by
Embry and Klovan (1971), and then again by Wright (1992) weretas#idtinguish the name of

the carbonatéthofacies of Penobscot-BO.

The second well, Penobscot4B, is represented by four cored intervals making up
approximately 42 m total. IAfour cores represent the Middle Missisauga Formation from the

Early Cretaceous. Table2Z¥epresents the depth intervals from which the cores were taken,

Table 32: Penobscot [-30 cored intervals:

Core Number: Depth Interval:
Core #1 3,424.8mi 3,432.6m
Core #2 4,050.3mi 4,059.6m
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Figure 3.6: Lithological log for well Penobscot 30. Red box represents zoomed in area, whereas the red
solid rectangle represents where the core was tak from (modifed from Wade and MacLean, 1993.
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