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Abstract

As target zones in Wyomingds mat udrileg oi |
becomes more criticdhe need to extract more information from seismic data becomes
increasingly importantSeismic in the Big Horn Ban, located in Northwest Wyoming,

is expected to behave in an anisotropic manner since the basin is heavily composed of
shales, thin beds containing vertical and horizontal fractures, and-aniform stress

field due to tectonic compressiono Extractadditionalinformation and value from a
seismic survey witm the Big Horn Basimanisotropic time migration was performed
instead of the standard isotropic processing fléwisotropic migration uses fewer
assumptions in order to bettegpresentthe subarface andthus yield higher quality
seismicdata.Due to the few assumptionsigotropic migration requires additional time,
capital, and resources compared to isotropic migratioich its benefits must outweigh

in order to be justified. An additional gmfuct of anisotropic processing agzimuthally
varying velocitieswhich can give insight into fractureystems that isotropic processing
would be unable tprovide.lIt is shown that performing anisotropic migration instead of
isotropic migration produces higher frequency dataset whidias betterreflector
resolution, increasetault clarity, and more reliable attributes such as amplitude and
semblance. These incremental improvements provide better insight into the subsurface
for vertical infill wells andhorizontal well development in thin zones. This additional
value far outweighs the incremental increase in time and money required to perform

anisotropic instead of isotropseismic processingn datasets in the Big Horn Basin.
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1.0 Introduction

The structurally complex oil fields in the Big Horn Basin of Wyoming have been studied

since they were firstdiso ver ed in the wearly 19006s. T h e
geophysicaladvancementshroughout its historyTwo dimensional ZD) seismicwas

first shot n the basin in the 7® 6asnd8 0 flkowed by aninflux of three dimensional

(3D) sesmic surveysinthe ear |l i A86860dhe 199006s, many a:
seismic acquisition and processing have bedmneaed. One of the most beneficiai

theseadvances came in processimghen computing power increased, reducing the

processing computingost,making pe-stack migration more economically feasible. This

was an important advancemeluie to the steep dipkrge amounts of dathat neededb

be integrated, anthe geologic complexity of thdields in the Big Horn Basin which

require prestack migration tdoe properly imaged.

The life of many of theoil fields within the Big Horn Basirhave been extended due to
technologyadvancesn seismic acquisitionprocessing and interpretatioAnisotropic
migration may be the next keyeophysicabdvancement to optize field development

and further extend the life of a field.ii thin zones, previously uerconomic, becoming
target zones for horizontal drilling development it is critical to optimize the seismic data
as much as possiblBerforminganisotropicprocessinginstead of istropic processings

one of the optiondeing explored to see #dnisotropic migratiorcan provide a better
seismic image taid in the development of these thin zen®lany of the larger well

developed mairreservoirs in the basin bdiiefrom waterflooding and enhanced oil



recovery (EOR)methods. The planning, evaluation, and eventual success of dooater

or EOR programis dependent upon a good understanding of the reservoirs continuity
and fractures.In addition to improved traddnal seismic analysis and attributes
anisotropic processing provides azimuthal velocity attributes which can help aid in the
determination of fracture and matrix dominated regions of the. flé¢ls thesisexplores

the advantages and drawbadkem an irterpretation viewpointof performing this
additional anisotropic processing in the time domain utilizing both descriptive and

analytical methods.



2.0 Objective and Methodology

The focus of this study is to identify and evaluate the incremental beoiefiesforming
anisotropicpre-stack time migrationHSTM) instead of the industry standard is@im
PSTM for the Big Horn Basin iWWyoming. The benefits of @rforming anisotropic
migration must outweigh theadditional time and resourcesequired comparedo

isotropic migratiorin order to be justified.

With thinner target zones becoming econonhigher resolution data is imperatifer
their successful development. Anisotropic migrations masease theesolutionof the
databy better focusing the mnic energyand increasing the bandwidttihus lowering
the thickness of resolution and detection. The true bandwidie seismic datean be
difficult to discern due to frequencgnhancementsand shapingwhich alter the
bandwidth. D reducethe effectof possible frequency enhancement differencesdie
seismicvolumesprior to postmigration frequency enhancemenmtl be used tovalidate

any bandwidth improvements.

Nonimaged small scale faults and incorrectly positioned faultgesuit in wellsbeing
drilled out of zonegreatly hindeing the success ohorizontal wells The potential
improvement in focusing of faults with anisotropic processing could afdeiplanning
and dilling of horizontal wells comparedith isotropic processing alon€omparison of
known fault locations from well information with the isotropic and anisotropic seismic

datawill be used to validate artd help quanty anyimprovements in fault imaging



Processingan have a significant impagh attributes used for reseiv characterization.
Anisotropic processing is expected to produce betterspaek data with flatter gathers
and a higher signdb-noise ratio. These improvements shoyileld more consistent and
reliable seismicattributes includingamplitude, coherem; and curvature. Variations in
attributes between the isotropic and anisotropic volumes will be investigated both
analytically and descriptively as appropriate. The anisotrgporessingalso yield
additional velocity attributes,ush asthe magnitude ad azimuth of the maximum
velocity (Vsas), the minimumvelocity (Vsiow), and the magnitude differenbetween the
velocity in the maximum and minimum azimutfi€.scVsiow), Which may help with

fractureprediction.



3.0 Background

3.1 Study Location

The Big Horn Basin is located in the Northwest portionVéyoming near Yellowstone
National Park The basin ifoounded by severdlaramideuplifts, including the Pryor
Mountains to the orth, the Bighorn Mountains to treast, the Owl Creek Mountains to
the south, and the Absaroka Volcanic Platead Beartooth Mountains to theest

(Figurel).
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Figurel: Location of the Big Horn Basin in Wyoming (Thomas, 1957)
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3.2 Geologic History

The region Vich includes the preseday Big Horn Basin in northwest/yoming has
undergone three main phases of structural evolution since the Precambrian. These three
phases can be described the Passive Margin Phase, Foreland Basin Phase and

Laramide Basins Phas

The first phase, passive mardgiggann the Precambriawith the breakup of the
supercontinent Rhodinia. The riftirg the supercontinent resulteddrpassive margian
thewesternboundaryof North America with a gently dipping ramp in the regadrihe

current day Big Horn BasiW/yoming Thepassive margiphase spannegidom the

Paleozoic Cambrian until the Mesozoic {dteassic. During this period there were

multiple transgressions and regressions of the newly formed Pacific Ocean resuting in
thin, continuous stratigraphic package of Phase 1 sediments on the Wyoming shelf
(Figure2). The sediments deposited during this phase account for three to four thousand
feet of the Wyoming stratigraphic sectidrhis section contains the major key reservoirs

for the Big Horn Basin including the Cambrian Flathead and Gros Ventre, Mississippian
Madison, Pennsylvanian Darwin and Tensleep, Permian Phosphoria and Triassic
Chugwater (SeBigure 3). The Permian Phosphoria is the major hydrocarbon source rock
for this section. Hydrocarbons are believed to have migrated from the deeper parts of the

Antler foreland in southeastern Idaho and northeastern Utah.
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The second phasd;oreland Basinbegan in the Mesozoic Midurassic lasting until the

end of Mesozoic Cretaceous, spannaimput 90 million yearsDuring this period, the
former rampgeometrypresent during the passiveargin phase was altered by thiever
Orogeny. The area of the future Bighorn basin was separated from the Pacific Ocean by a
continuous chain of mountains on the western edge of North America extending from
Alaska to New Mexico. Phase 2 sedimentatioedslirom these highlands into the
Cretaceous Western Interior seaway. During this period some of the shallower reservoirs
were deposited, These units include the Cretaceous Lakota, Dakota, Muddy, and Frontier
reservoirs, as well as the indigenous sourcé,rotcludng the organic shales of the

Cretaceous Mowry and Thermopolis.

Phase 3 Laramide Basins, began with the Laramide Orogeny and spanned about 70
million years.The Laramidecreated the mountananges whicldefine the Bighorn Basin
(Figure 1) and is responsibléor the formation of the asymmetric anticlines that are
present day olil fieldsHigure4). The postLaramide history is marked by three sequential
events: te mountains erode, the basins fill and the basins erodepdrtien of phase 3
stratigraphy is dominated by Paleocene strata (Fort Union, Willwood and an influx of

volcanic deposits).
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4.0 Anisotropic Time Migration

4.1 Theory

Traditional isotropic time q@cessing truncates the Taylor series expansion of the ray
traced tweway travel time at thesecondorder term to estimate the hyperbdRevave

normatmoveout NMO) given byTaner and Koehlgf1969) as

x2
by = /t§+,,%mo (1)

where x isoffset, § is two-way time, § is the zereoffset travel time and o is the

moveoutvelocity. Although useful, his hyperbolic moveout equation (1) is valid only for
short offsets ofa homogeneau isotropic plaa layer with zero dip (Tsvankin and

Thomsen, 1994).

This approximation habeen very successfully applied amny vintage datasets with
limited offsetssince on short spreads theM@ve moveout is close to hyperbolic even if
there is anistropy present (Tsvankin and Thomsen, 19%wever,new acquisition
designs providingpetter offset and azimuth sampling are making it increasing important
to correct for théourth order moveoub optimize the datalhedata in this studywhich

was aquired to be a high resolution survey with good offsets (Appendixways
corrected to théourth ordermoveout termAlkhalifah and Tsvankin (199%how thatby
expanding the NMO equation applied from s@cond order to a fourth order
approximation(2), we can more accurately account for long offsets recorded in the

dataset, this is often referremlds the Long Offset NMO (LNMO):

11



= J &+ i~ T @
whered is the amount of deviatiolrom hyperbolicmoveout The smal |l er t he
closer the moveout is to being purely hyperbaird progrly being described by the
second order NMO equation (1Alkhalifah and Tsvankin (1995) alsprovide a

definitionoft he ani s ot r o pterros oftthe dHorhsgraraneters d i n

=6
1+26

n= 3)

whereU and U dyTemse(l9).n e

The fourth order term is correcting for wvdifferent long offset effectanisotropy and
the truncation of the Taylor series expansion described above. These effects can only be
separated by the introduction of tkigth order term (Starr and Pandeé3006), which was
not performed on this dataset. This creates an unavoidable ambiguityanisbé&opic

analysisof thefourtho r d éerm within this study.

One of the limitations of the LNMO equation, applied to this dataset, is that it does not
take into account any azimuthal variation present in the data. When azimuthal variations
are taken into account, the long offsetrtbwrder correction (Equatid?) becomesnore

complex

x2 2n(a)x*
fw = th 4 (4)

Vimo(@) B Vimo (a){tg Vimo(@)+[1+2n(a)]x?}

wherev,,», () is given by Grechka et al. (1999) in eqoats:

2 )
1 __cos*(a) + sin®(a) (5)

2 - .2 2
Viimo(Q) Vfast Vsiow
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andn(a) is the azimuthally varying aneslasticity parameter given by Pech and Tsvankin
(2004) in equatio®:

n(a) = ntsin?(a) + n?cos?( a) — n3sin?(a)cos?*(a)  (6)
wher e U i sThis hdditiomakzvariatiori dauses the migratiorran slower and
thus cost more. A larger roadblock for applying the azimuthally varying moveout
correction however,is often the difficulty in correctly determining all of the required

parameters.

4.2 Expected Anisotropy

Thin beds and shales aexpected to benajor contribubrs to the amount of vertical
transverse isotropy/(T1) layer anisotropyFigure5) observe in seismic datads shown

in Figure 3 the Big Horn Basin consisbf mostly thin beds with hashagh percentage of
shales present in the stratigraphic column, especially in the upper s&bise. thin beds
and shales suggest that we should expebiat@ anisotropy present in the basin due to
stratigraphy aloneAlso influencing anisotropy of the basin is the present day regional
stress and the presence of both vertical and horizontal fradtfiesncing both layer
and azimuthal anisotropyith gedogic bed dips greater thd® degrees, it is clear that

if the axis of isotropy is related to lithology tited transverse isotropy 1) should be
used rather than VTITo properly account for both HTI and TTI, an orthorhomtnie
stack depth migratioflPSDM) would be required(Figure 5). Since orthorhombic
geometryis not practicalfor this projectdue to the difficulty and ambiguityn the

parameter determinatiasf the nine elastic parameteesjuiredfor orthorhombic PSDM

13



the current ideal solution would ba TTI PSDM which only requiresfive elastic

parameters

In the time @main, both the VTl and HTI correctiorghould be included irthe
migration. The nethalology available for this project, however, solveat thed (VTI)

and ¥ (HTI) terms separately instead of simultaneously with velocity. Solving for the
anisotropicparameters separately is an issue in the Big Horn Basin due to the geologic
dip present which breakthe assumption of VTI being purely perpendicudaud HTI

being purey parallel to the surface. The geologic degsults in the HTIwhen solved
independently accountingfor some of the VTI effdg thus overcorrecting the VTI
effect To circumvent this issue, the data in this study had an HTI ciomecalculated

and applied post (VTI) migration.

14



b.) HTI

d.)

| -
c.)
.i TTI
Figure 5. Representation of geometry and axis of isotropy for Ya) HTI (b), TTI (c), and
Orthorhombic(d). The VTI, HTI, and TTI geometries are all based upon two equal axis and a

third unequal axis, wherg¢he orthorhombic geometry is based upon three unequal axes
perpendicular to each other.

Orthorhombic

The azimuthal anisotropy in the Rocky Mountains has been observeddn aeerage
around three to four percef@ooley, 2009). Prior to migration, there is alsoapparent
azimuthal anisotropy caused by the dip of the kbds must be corrected for prior to
azimuthal anisotropy evaluationn Figure 6, Cooley (2009) presents the relationship
between equivalent azimuthal anisotropy and geoldigicThis relationship suggests that

a geologic dip larger than 15 degrees will create a larger azimuthal variation than HTI
effects such asimilarly orientatedrertical fracturesln the Big Horn Basin it is common

for the backlimb to have dips betwegh to 25 degrees and the forelimb to have 60 to

15



greater than 90 degree dips. In the field studied the backlimb dips at about 20 degrees and
the forelimb at about 75 degrees. By using the relationship shown by Cooley (2009) this
would equate to an equivaleazimuthal anisotropy due to geologic dip of around 6% on

the backlimb Eigure6). Due to the very high dip on the forelinthe time migration will

be unable to correct for the azimuthal variation caused by the dip and tragnthehal

anisotropy analysis will be contaminated in this region of the survey.

Apparent Azimuthal Anisotropy Due To Dip

g 7
EE- )
iz )
S o 3 e
=< .2 5 e
5 1 //
-
chr 0 —
0 5 10 15 20 25

Dip (degrees)

Figure 6: Apparent azimuthal anisotropy due to geologic dip for dips between 0 and 20 degrees
prior to migration (Cooley, 2009)
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5.0 Processing

Seismic interpretation begins during processing as decisions made during procassing
influence the interpretation of the final seismic imageoper seismic processing is thus

a crucial precursor to performing a seismic interpretation that best nejsrethe
subsurfaceOne of the main objectivesf processingrequired to get a good image and
meaningful amplitudesis to produce flat gathers which will stack constructively to
produce a clean final imag&ulunay et al., 2007)The correct isotropiwelocity, or
various combinations of incorrect velocities, can flatten the gathers at near offsets but are
unable toproperlyflatten gathes at far offsets.Even if the all of the layers in the media
areflat andisotropic the standard hyperbolic approximat(1l)c a raccuratéy represent

the offsets with an offsé¢b-depth ratio of greater than orf@svankin and Thomsen,
1994). The presence of anisotropy in the media will cause the moveout to further separate
from hyperbolic significantly increasing therrer resulting from the hyperbolic
approximation (Tsvankin and Thomsen, 199&)jgure 7 shows a synthetic example of

the potential increase in gather flatness at far offsets which can be obtained by taking into
accountfourth order aisotropic correctiong2). The same noyperbolic residual
moveout at large offsets (commonly called hockegksjishownin the synthetic example

in Figure7 is observed in the real data gath@rigure8).

17
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Figure 7: A synthetic dataset with a single anisotropic ewanbne and a half seconds
was created to demonstrate theaut of applying the correct fourth order moue The
figure on the lef(a) was NMO corrected with the kmwn isotropic velocity flattening the
near offsets but leavingtteh ock ey stick effectd atdfar
takesinto account the fourth order moveout (moveout coefficient561.0%) which
properly flattels the gathers acrosd alfffsets (Leggott et al., 2000).

<—time

1,500 ms

The processing flowAppendix B) for the isotropic PSTM and the anisotropic PSTM
incorporatingd and residual posgnigration HT| were processed identically as far as
feasible. This allows for a fair comparison betwelea isotropic and anisotropic final
migrations to judge the observed uplift in data quality and accuracy. Early on in
processing | on g effeckwsreobsertell suggéseng thesnead ok the

fourth order moveout equatigRigure8).
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Figure 8: The above NMO corrected gathers shows-imgmerbolic moveot at offsets with an

offsetto-depth ratio of greater than 1.2 (representedrdyy ling offsetto-depth ratio of1.0
shown for referencim grea).

Stacking of gathers with different values of constdmtas performed to test the effects
of the( field upon the final stacked imag&igure9 through14 show howusing a larger

d value can better collapse a yiisly uncollgsed diffractioncircled in yellow. It is
apparent, however, that although a valug ekceeding a certain value, 10% in this case,
collapsingthe diffraction the improvementomesat the cost of introducing noise into
other portions ofhe sectionThe solution to thassue of the section requiring differesit
values at various depths aid different portions of section ia variabled field. The
variable d field was selected instead
migration since itproperly collapsed diffractions without introducing additional noise
into the sectionKigure15-18).
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Figure 9: The isotropic migrationd=0, does not properly collapse the diffraction circled in
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Figure 10: Using a 2.5%, the diffraction circled in yellow is better collapsed than the isotropic
case shown ifrigure9 but is still not fully collapsed suggesting a higher valug isfrequired.
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Figurell: Using a 5% the diffraction circled in yellow is getting closer to being fully collapsed
than observed in the isotropic or 2.5%case shown irFigure 9 and 10 but is still not fully
collapsed suggesting #&gher value off is still required.

TWT (ms)

1100

Figure12: Using a 7.5% the diffraction circled in yellow is very close to being fully collapsed.
It is observed, however, that the diffraction is still not fully collapsed suggestinchtyshigher
value ofd is required.
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Figurel3: Using a 10% the diffraction circled in yellow is fully collapsed suggesting that this is
the correcq volume for this section.
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Figure14: Using a 15% d the diffraction circled in yellow is still fully collapsed but introduces
overmigration chatter to the section.
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By using a variable| value, shown irFigure15, instead of the constadtvolume, shown

in Figure 9-14, the higherd value required for the deeper sectioan be appliedvhile
maintaining a lowemmoreappropriated value can be applied tbe uppeportion of the
data. This results in collapsing the deeper diffraction while reducing the ntysduiced

by any oveimmigration of the dataR{gure 18). The variation off in Figure 15 appears to

be following geologyin some localized portions of the section, but does not correlate
across the entire semh. One region demonstrating thi®n-geologic variation could be
attributed toanisotropic effects due to the localized increase in the stress field from
tectonic compressioror the d term attemptingto correctfor the rapid lateral velocity
changes whic the PSTM cannot properly account fédhe crest of e structurealso
shows a different| valuethan the same geologic unit off the crest ofgtractureon the
flank, outlined in yellow onFigure 18. This could be attributed ¢ the differing
overburden geology with some of the units present off struetbieh have been eroded
above the crest of the structufedure4) or the raybending effect which is comingled

with the anisotropy effect withintre v al u e
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Figure 15 Isotropic stack with variablg field overlaid Note the localized high value of
required to collapse thdiffraction shown inFigure 9 through 14 The rapid lateral velocity
variations contamination of the term is highlighted in the region circled in red. The region
outlined inyellow has a different| valueon the crest of the structure than #aame geology off
structure

In theory, we would expect a positive correlationAsatn anisotropy and shale content

and the anisotropy being consistent within the same geologidruRigure 15, however,

we do not observe a convincingrrelation between the calculateatiabledq f i el d and
shaleconterandd s er ve | arge changes in d within the
|l i kely due to dq being heavily affected by ra
d correction is a combination of both ray be
separated witthe fourth order moveout correction used in study as discussed in the

theory section (section4) Therefore, the dq value not havir

the shale rich portion of the section or following geology is not a quality concern.
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Figure 16: Isotropic PSTM gathers exhibiting the hockey stick effect suggestindiyperbolic
moveoutbeyond offsets with an offséb-depth ratio of greater than 1.0, represented by the green
line.
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Figurel17: Anisotropic PSTM gathers with flatter gathers than the isotropic PSTM gathers shown
in Figure 16 beyond offsets with an offséb-depth ratio of greater than 1.0, represented by the

green line.
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Figure 18 Image resulting from using a variabtgfield. Notice the collapsed diffraction and
reduced chatter in the section. Téés still some noise presenircled in bluein the variabled
migration which may be contributed to the rapid changgwaflue.

Many anisotropic studies are chosen in aredth relatively flat geologyto avoid the
complication thatstructuralvariations have on the interpretation and estimation of the
anisotropic parameters (Kuhnel and Li, 2001). In these flat geology areas, silHgts
estimate theazimuthal anisotroppn unmigrated gathersThe complication of properly
accounting for anisotropy in the presence of geologic dip was first discussed by Hood and
Schoenberg (1989)n regions with steep dips, such as this projeeaathe dipping
geology expresses the same sinusoidal signature as the anisotropy maskingtitieal
anisotropy variation(Figure 20). This makes itnecessary to migrate the data prior to
performing a propeanisotropic evaluationTraditional CMP migration, however, blends

all of the azimuths and offsets together eliminating the anisotropic information present

prior to migration. Thus itvas critical bat the data was migrated wiblffset vector tils
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(OVT) which groups traces fromifferent source and receiveoser limited offset and
azimuth rangesinstead ofby CMP (Figure 21), thereby preservingpoth the offset
i nformati on r e gazimuthaldnfodmatiorreqlired forddTI tcdrrections

(Figure2l).

The signal to noise ratio and flatness of the gathers both greatly contribute to the quality

of the final stacked seismic image. Thehgas whichhave e en mi grantdled wi t h

a post migration HTI correctiompplied are fatter than gathers which have had only
isotropic processing applie&igurel19).
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Figure 19: The anisotropic processintp) produces flattegathers with a better signtd-noise
ratio than isotropic proceisg (a).

By analyzingazimuth sorte®VT PSTM gathers, the proper HTI anisotropic corrections
were able to be appliedrigure 20 shows the large sinusoids being removed from the
gathers after migration, highlighting the HTI effgmesent in the dateepresented by
smaller sinusoids on the PSTM gathers. By applying themagtation HTI correction, it

is clear that the gathers become flatter which will result in a better stacked image.
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Figure 20: The sinusids related to azimuthal anisotropic effects, circled in gré@c) can
properly be corrected for after the azimuthal effect due to geologic dip, circled in yellow, have
been removed by migratida)/(b).
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Figure 21: The figwe above provides a visual representation of data selection which goes into
each OVT allowing the bin to retain its azimuthal information (Stein et al, 2010)
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6.0 Interpretation

To best evaluate the differences between the isotropic and anisotropic viblisne
necessary to first createismic tracesyntheticsfrom well logs and tie them to each
seismic volume. Once the seismic synthetic is tied to the observed seismic a base

interpreation offaults andhree key horizonwasperformed

6.1 Well A: Synthetic and Horizons

Well A is very close to a fault which cuts the lower section of the well.\iidlkis also
not ideal for creating ayntheticsince itonly has a recordedensity measurement the
upperhalf of the well, which may explain a few of temall misties with the seismic in
the lower sectionDespite these issudise synthetic seismitracecreated from thevell
logs is observed taorrelate well with the recorded seismic daEgqre 22). The
anisotropic volume des not provide a substantiaiprovement in the seismic correlation
of the upper portion of the sectiom the regiorcircledin Figure22, however, there is a
clear improvement in cainuity of the reflectoron the anisotropic alume which

correlatesvell with a predicted peak on the synthetic.
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Figure 22 Synthetic for Well A overlaid on seismic extracted from the |sotrop|c and
anisotropic seismic volumes. The increased continuity of the reflectbeianisotropic
volume, circled in red, as it approaches the fault creates a better tie wiknthetic
than the same sectiam the isotropic section

The syntheticseismictraceis based upon the convolution of two itentise reflection
coefficient (RC) series, derived from the sonic and dgnkgs, and a chosen wavelet
(Figure 23). Outside ofperforming log editing,ite RC seriesvill remain constantthus
leaving the variability of the syntheticseismicto the chosen waveleThere are two
methods most commonly used to determine the correct wavelet to be used. One is
deterministic and the other probabilistic. The deterministethod extracts a wavelet
from the recordedseismic data to convolve with the RC series. This waweuld
properly represent the phase and frequencydwatth of the observed seismic. The

extracted wavelet is rarely close to an ideal waydletvever so a probabilistic ideal
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Ricker wavelet is @ten used instead. When usingp@babilisticsynthetic vavelet it is
important to ensure that the phase and frequency bandegdi#ictedis realistic and
representative of the observed seismic da@msupport the wavelet choiesed tocreate
the seismicsyntheticfor Well A, shown inFigure 23, the frequency spectrum in the
regionsurrondingthe well was extracted from the seismic d&t@re24). The seismic

data was processed to be zero phased and was confirmed by well tie analysis as shown in

Figure23.
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Figure23: The wavelet (left) used to convolve with the reflection coefficient series to create the
seismicsynthetic for well A. The power spectrum in the upper right showsrdpezoid filter of
10-20-45-56 which was applied to the wavelet.
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Figure 24: The extracted frequency spectruly) (vas extracted from the anisotropic seismic
sectionaround WellA (a). The extracted spectrum suggests the presence-59HR at-20 b
down which matches thérend of thesynthetic wavelet spectrymepresented by the teal line on
the right, very well.

The seismic synthetic that correlates the well information to the seismimation also
provides a timdo-depth (FD) function to convert the vleinformation in depth to the
same domain as the seismic (tim&he well information and synthetic can then be
overlaid on the time seismic data allowing for the identification and interpretation

geologically meaningfuseismic horizonsRigure25 andFigure26).
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Time (ms)

Isotropic Isotropic
Figure25: The synthetic foWell A is overlaid on the isotropic seismic sectwith (b)
and without (a) théhree key horizons used in this analyblstice tha the well synthetic
only covers the lower two horizons (#2 and #Bg top shallow horizo(¥#1) was picked
based upon Wl B (Figure30 andFigure31).
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Figure 26. The synthetic foWell A is overlaid on thearisotropic seismic sectiowith (b) and
without (a) thethree key horizons used in this analyS§ike same horizons interpreted on the
isotropic are shown to be valid for the anisotropic r@uas well.

For horizon based analysishtee key geologic horizonswere selected and shall be
referred to ashalbw horizon (#1) mid-depthhorizon ¢2), anddeephorizon (#3). The
seismicsynthetic generated frowell A, Figure 22, was tied to thesurface seismic,
Figure 26, to select the midiepth horizon (#2) and deep horizon (#3). The correlation
between Well B and the shalldverizon (#1) will be shown in the next sectidigure25
andFigure26 show thathe difference inselection andbaseinterpretatio of the horizons

nearbetween thevell are minimal between thsotropic and anisotropic volume.
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6.2 Well B: Synthetic and Horizons

The synthéc for Well B (Figure27) ties both the isotropic and anisotropic volumesl
despite not beinglealdue to the lack of density log The overall trend should not be
affected by the lack of density log, some of the details, tnayever, be affected. The
acoustic impedance (product of density andd¥e velocity) curve which the reflection
coefficient series is based upon requires a density value so to create the seismic synthetic.
It was elected to use a constant densilyieof 2.6 g/canstead of creating a synthetic
density log from the sonic log using @are r 6 s  EThisidedisiorowas based on
personal experiencegith severabther wellsacross multipldBig Horn Basin fieldsThe
deepest portion of the synthetic shawstrong reflection which is not present in either of
the seismic volumeg.here is no change in the diameter of the hole according to the
caliper so a washout creating the error seems unlikas/prgposed that thers an error

in the sonic log, a déjp error in logging, oa counter kick in the density which is not

represented.
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Figure27: Synthetic for Well B overlaid on seismic extracted from the isotropic and anisotropic
seismic vol umes. T h e r e eaningfal slifiefence lzefvpen the isotropic b e
and anisotropic sections in this case.

The difference between the synthetic tie with the isotropic and anisotropic volumes is
very minor compared to the other sources of error, such as the lack of densitizdog
similarity of the isotropic and anisotropic volume around the wely be contributed to

Well B beingin a regionwith muchflatter geologic dip thakVell A (Figure32 and 33)

To evaluate the waveletchosen to create the sietic, shown inFigure 28, the
frequency spectrum in the region of the well was extracted from the seismi¢-igpaia (
29). Due tothelarge depth range3 0 0 6 t o reptesedt®dOby the Well 8ismic

syntretic a time variant filter was applied. The uppertipn-3 0 0 6 t -oof tHe w@l0 0 6
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useda higher frequency wavelt convolvewith the reflection coefficiergeriesthan the
waveletrepresenting the lower portionl , 4 0 0 6 -bfohe Well(Bigu@Z8). A 2000
transition zone between the two filteis, 2 0 0 6 -wars uskd td rédude aaytifacts
which could result fromsharp variations in frequency of wavelefThe frequency
attenuation in the earth is more continsdhanrepresented by thseismicsynthetic
which squeezes all of the attenuation into aG2@@rval. This assumption, howeyéras

very little effect uporthe final synthetic correlatiomonfirmed by testing.
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Figure 28. The trapezoidfrequency filter (10-20-65-75) was applied to thevavelet used to
convolve with the reflection coefficient serigsthe shallow section to best match the observed

seismic data at &l B (a). Due to frequency attenuatipa wavelet with a naswer bandwidth
trapezoidrequency filte(10-20-46-55) was applied to the deeper sect{bh
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Distance (ft) Frequency (HZ)

Figure29: The frequency spectrum)(was extracted from the anisotropic seismic secimond
Well B (a) The extracted spectrum gaests the presence of®HZ at-20 db down which
matchesthe synthetic wavelet spectrimthe shallow section, represented by the teal boeis
too broad for the wavelet spectrum of the deeper section, represented by the dotted di@gen line

Oncethe seismic synthetic and tirgepth relationship was built for Well B it was
overlaid onto the seismic data to interpret the key shallow horizon (#1) as shown in
Figure30and 31. As observed with the two deeper horizons on M/ ¢fle same shallow

horizon pick honors both the isotropkigure30) and anisotropicHigure31) volume
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Figure 30: The synthetic for Well Bs overlaid on the isotropic semsc sectionwith (b) and
without (a) thethree key horizons used in this analydike seismic sectiowith horizons (b)
displaysthe same well and seismic section witiheekey horizons interpreted. Notice that the
Well B seismicsynthetic isused for ptking only thekey shallow horizon (#1)
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Figure31 The synthetic foWell B is overlaid on the anisotropic seismic section with (b) and
without (a) the three key horizons used in this analysis.

An arbitrary line intersectindboth Well A and Well B was used to QC and better
understand the relationship between the two weéltpufe 32and 33).This arbitrary line
shows that Well A is on the crest of the structure in the deeper section, while Well B is

off the main structuren the shallower section
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Figure 32 Wells A and B seismicsynthetics overlaid on theaBopic seismic section. dh
wells are required to properly correlatiee three key horizonbetween thewell dataand the
seismic cross section. It also highlights the relationship between the wells and the geologic
structure. Well A in the deeper section is on the crest of the structure and Welff Bhe main

structurein the shallower section
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Figure33: Wells A and B seismicsynthetics overlaid on the anisotropic seismic section. Notice
the increased seismic continuity in the anisotropic image near Well A on the anisotropic image
compared the isotropic volume shownHigure 32. No substantial difference is observed in the
region of Well B.
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