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Summary

Seismic characterization of tii@evonianNisku Formation

in the Wabamurereg Alberta, Canaddas revealedwo
primary groups of anomalie$he firstgroupis interpreted

to be footprints of geological discontinuitieghich are
induced bydissolutionand karstingn a geologic érmation
shallower in the stratigragh Even though there is no
evidence to indicate that the integrity of the Nisku
Formationor the overlying caprockas beemompromised,
such geologic discontinuities should be taken into
consideration ifsupercriticalCO, wereto be injected into
the Nisku Formation.The secondjroupis interpreted to be
due tocontrasts inlithology and/or porosity of th&isku
Formation This interpretation is supported lapnstraints
providedby well controland by seismic modelingFinally,
our analysis has identifiedfavorable lowimpedance
potentiallyhigh-porosity; locations that could béeveloped
for aCQ; injection site.

Introduction

The province of Alberta contributesore than30% to the
total Canadian C@emissionsaccording to recerstatistics

by United Nations Framework Convention on Climate
Change(2007). In an effort to offsethe carbon emissions,
several CQ sequestration projects welaunchedrecently

in the province. Thesiclude the Alberta Saline Aquifer
CO, Project (ASAP), the Heartland Area ¢O
Sequestration Project (HARP), and the Wabamun Area
CGO, Project (WASP).

In the Wabamunareg the Nisku Formation has been
advocated as a sink for largeale CQ sequestration
project(Michael et al., 2008)vith injectivity in the order of
1 Mt/lyear Seismic characterizatiowasundertaken as part
of the first phase ofhe project with primary objectiveso
generate detaitk attribute maps of the NiskBormation
and delineate any potential geologitiscontinuitiesin the
area that may compromise the integrity of the,G@rage
within this formation This abstracpresentssome of the
resultsof the study.

Study Area

The proposedCO, sequestrationarea is locatedn the

central plais of Albertg approximately 50 knsouthwest
of the capital Edmonton. The injection target is eth
Devonian brinebearing Nisku Formation. The Nisku
aquifer sits on the edge of aarbonate shelénd consists

predominantly of dolomite mineral¥he aquifer ranges in
thickness from 40 t@0 m and occurs at a depth between
1800 - 2000 mand itspropertes, such as temperatuaad
salinity, makeit a favorable candidate for C@ storage
(Michael et al., 2008)Furthermore, the ovejihg Calmar
shalemakes a good cap rockhich preventssupercritical
CO, from migrating upwards intoshallow aquifers.The
seismic characterization fecusedon a local area where
favorableconditions in terms of seismic coverage and other
factors exit.

Approach and Results

The seismic characterization is based on analyzing and
interpretinga posstack seismicdatasetconsisting ofmore
than two hundred 2D lines and seven 3D volumes
distributed over an area of approximately 20,008.krhis
enormousdatasetwas available from variousexploration
programs in the area, and therefhasdifferent acquisition
and pocessingvintages Thus prior to interpretation two
primary steps were necessary data calibration and
amplitude normalization. These steps were resgsto
account for the vintagdifferences between the various 2D
and 3D datasetd-ollowing these two stepsegional 2D
seismic lines were used ttelineatethe long-wavelength
character of the Nisku Formatiowhereasmapping of
detailedattributeswas achieved usinghe high quality 3D
seismicvolumes

Figure 1 shows theNisku time structureand normalized
rootmean squareNRMS) amplitude maps, respectively
after data calibrationand normalizon. The NRMS
amplitude map exhibitstrong variationgompared to the
time structure magn additionto time and amplitude maps
the acoustic impedance of the Nisku Formation was
estimated usingwo poststack inversioschemesnamely
recursive andmodetbased inversiongFigure 2). Clearly
there is a good correlation between the amplitude and
acoustic impedance anomali¢towever, it isinsufficient

to separat lithology-driven variations from discontinyit-
induced anomaliesbased on those attributealone
Furthermore,since the seismiosolumes exhibit signs of
discontinuites, it was deemed appropriate to invoka
coherencysensitive attribute, nametie difference method
(Luo et al, 1996), todiscriminate impedancecontrasts
associated with lithology variations from thosesulting
from footprints from overlyinggeologic discontinuities
(Figure3).
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Figurel: (a) time structurenap,and (b) normalized roanhean squar

(NRMS) amplitude map of thNisku Formation.
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With the discontinuitydriven anomalies identified, the next
step wasto gain a better understamdg of the amplitude
variations due to changes idithology (porosity) and
thickness This is important sinceubstantial emphasis was
placed onthe amplitudeto provide one approach for
favorable site selectiondue in part to the lack of well
control to constrain the inversioMoreover since the
Nisku is a tuned eventinsight was neededinto the
principle factors affecting itseflection amplitude Hence,
the seismic amplitudeof the Nisku Formation was
modded, usinga simple convolutional modeds a function
of thickness and velocityFigure 4) as these were found,
from well control, to be the principlentitiesaffecting the
Nisku amplitudeln addition, the acoustic impedance of the
synthetic model was reconstructed, as a functb these
parameters, using the same inversion schemes employed in
estimating the acoustic impedance of the real déigufe
5).

Discussion and Conclusions

Although the data calibration and normalizatiavere
successfulin reconciling the differences between the
vintage datapnly 3D datawere reliable when itomesto
the detailedattribute mapping The 2D data, on the other
hand, was useful in delineaginthe longwavelength
structureof the Nisku FormationThetime structurenapof
the Niskuis consistent with the regional N&EW dip ands
almost featureless except fa few subtle anomalies
induced by the discontinuities

The NRMS amplitudeand acoustic impedanaaaps, o
the other handshow strongvariations across the stud
area. Theseanomalies are interpretedto be either
discontinuity induced or lithology driverfrurthermore, %
comparing lheseattributeswith thecoherencyattribute it is
feasible to isolate those anomalies associated with
discontinuitiesnducedasfootprints due to dissolution and
karsting in the overlying Wabamun Formation.Even
though these do not necessarily reflect physical
discontinuities within the NiskuFormation itself they
should be taken into consideration in any future,CO
sequestration progm in the area.

As for the other group of anomalies observetheNRMS
amplitude and acoustic impedance mapthe modeling
results suggests that such anomalies are associattd
variationsin lithology andor porosity rather tharbeing a
tuning effect Furthermore, theseconclusions were
calibrated against a good quality brbearingsection of
the Nisku Formatiomearthe soutkeastern corner of the
study areaThe seismic data around this water source well
show significant variatios in the NRMS amplitudeand
acoustic impedandeut insignificant variation in the Nisku
thicknessas verifiedby neighbouring wells.
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Figure 2: Acoustic impedance map of the Nisku Formation using (a) recufsivbandlimited) and (b) modebased inversionThe twc
inversion schemesgperate on different piciples and, therefe, in a senseompkment eacharother Except forminor scaling difference
they bothshowstrong similarities in spatial variations ecoustic impedance.

Figure3: Coherency mapf the NiskuFormation using the difference methgdio et al,
1996) The arrows point to thecation offootprints associated with overlyingeologic
discontinuities such a’8abamurkarsting






