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ABSTRACT

As demand fosustainabl@nergy increases, earth scientists seekdet this
demand byconomicallyproducinghydrocarbons from petroleum systerRetroleum
systemsare complexthereforamultidisciplinarybasinmodeling analyseareusedto
gain more informatioabout their dynamic naturkn this studyamass balance
workflow is developed and implementéalidentify the quality and quantity of
hydrocarbonslistributed throughouhe Pegasus Field Simps-Ellenburger petroleum
systen. Four hypothesesre tested in this analysis whittludethe variation of
hydrocarbon migration directiomjterationof source rock richness, anmbdification of
generation Kietics Posttesting analysewill alsoidentify the geologic processes and
parameters thdtave the largesinpacton modeled results

Modeled results indicat@pproximately 40@nillion barrelsof condensateil are
in placewithin thePegasus Field Ellenburger reservdfariation ofhydrocarbon
expulsion and migration directieresultin two possiblemethodsfor charging the
Ellenburgertrap. Downward vertical charge frorheé Simpson Group deliveenough
hydrocarbon fluids tonatchoil in placeestimatesbutfinal oil API gravitiesare slightly
higherthanmeasuredlata Similarly, horizontal intraformational charge from the
Simpson Group also delivers enough hydrocarbon fluids to matechpddce estimates,
butfinal oil densities are slightlizigherthan measured datd/henmore optimistic
source rock richness kees are appliedhevolumeof generated and expelled

hydrocarbongompared to previous testereasedy a factorof 1.5which provides



more tharenough hydrocarbon volum&smatch oilin place approximationg-inal
modeledAPI gravity areslightly lower compared tgroduced fluidsWhenhydrocarbon
generation kinetics are altered5 timesthe amount 0bil and significantly larger gas
volumesare retainedvithin thesource rockExpelled hydrocarbon valuesereduced,
yetthe model suggesenough hygrocarbonsareexpelled tamatchoil in place
approximationsAlterationof generation kineticeesult in a inal mixed oilAPI gravity
thatis lower comparedneasured data

Seal formation migrationand accumulatiarburial history, andiming of
geologiceventsarethe most critical geologic processes impactirgbtroleum system.
Critical parameters ifade source rock richnegkiermal historysource roclgeneration

kinetics andmigrationfetch area.
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1.INTRODUCTION

Over the past few decades, the demand for hydrocarbon energy has increased as

discoverectonventional resources steadily declinyeproduction and consumptiofo
fill this gap, echnological advancémve &d tothe development ofunconvenbnal and
hybrid hydrocarbon resouredn orderto maximizethediscovey of new hydrocarbon
accumulations, the petroleum industry has invested heavily in basin moaiedityges
andmethodologis to gan more informatiomegarding the complexatureof petroleum
systemsMass balancéechniques have also beiemplementedn the past to better
identify hydrocarbon resource potentials émel efficiency ofpetroleum systes(Baur,
201Q Katzet al, 19949. Although these ¢chniques are typically apetl to the
exploration othydrocarborfields, theycan also bapplied toproducingfields to gain a
better understanding of proven petroleum syst&ktith a better understanding thfese
systems, earth scientistsll be able o apply their findings and workflowt® similar
fields andbasirs around the worldvhere risk and uncertainty are inherently gredgr
learning more aboutetroleumsystems and the hydrocarbon fluids held within them,
earth scientists will be able tliscoverand establiskustainable energy resources for
years to come.

Theprimaryfocus of this analysis is fevelop and testrmass balance
workflow that will identifythe transfer ohydrocarbon masses through d@rpleum

system over thgeologicevolution of a field. A mass balance analyssaluateshe

guality and quantity of hydrocarbon fluids and their distribution throughout a petroleum

1



system(Hantschel and Kauerauf, 2008)ass lalance analysesso comparéotal
generated hydrocarbons and the amof hydrocarbonsaccumulated in a trafPéters
and Cassa, 19%4

In this studyaworkflow is executedisinga combination obasin modeling
software, conceptual models, and public data souDagng execution of this
workflow, we will gain a betternderstanding of theritical geologicprocesseg¢e.qg,
subsidence, exhumation, faulting, unconformity eviestts)andparameterge.g.,
temperature, pressyrsource rock richness, etthatimpactthe generation, transport,
and storage of hydrocarborg the same timanasse®f produced hydrocarbons,
remaining hydroarbon fluids in the subsurfadeydrocarbons lost during migration,
remahing sourceock potentialresidualhydrocarborfluids that will never be extracted
andhydrocarbon massdast by leaking or spilling from theeservoirare calculated
throughout the complete degic history of the Midland BasinVith the help of
sensitivity analyses, Monte Carlosimulationis then used to quantify hydrocarbon
charge volumeariability while simutaneouslyidentifying geologic parametetiat
have the largest influence amdeled resultfor this analysisTo demonstrate the
applicability oftheworkflow, we apply themethodologypresented in this analydis the
Pegasus Fiel@impson Ellenburggretroleum systerm the Midland Basinlocated in
westTexas Although hydrocarbon masses are the object of interest, hydrocarbon
volumesare commonlydiscussed throughout trssudyfor better visualization of

hydrocarbon resourcgsesent in theystem.



The Pegasusi€ld is a stackedhydrocarbon fieldliscovered in 192by the
Magnolia Petroleum Companiroduction from the Pegasus Field began in 1949 and

has continued to produce to present (dgrbison 1955 andCargile, 1969)Located
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Figure 1. Location of the Pegasus Field.

in thecenterof theMidland Basin Figure 1), this field contains avarietyof stacked

reservoirs found primarily in the San Andres, Sprabé&kglfcamp,Pennsylvanian,
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Devonian, Fusselman, and Ellenburger interviaigure 2) (Harbison 1955; Cargile,
1969; Duton, 2005).The Bureau of Economic Geology (BEE&gtimated in 2005 th&2
MMbbl of recoverable oil reservestill remairedin the Pegass Field Ellenburger
reservoirand &cording to Drillinghfo (2016) and Wood Mackenzie (2016)
approximately84 MMbbl of 53 APl (American Petroleum Institute) gravity bdve
beencumulaively produced from th&llenburger reservosystem in2016(Dutton et
al., 2005) Produced gasolumes were not reported during the eargducingyears of
the PegasuBield, and it isassumed that excess gas was flared or recirculated down hole
for pressure maintenance.

In 1942, ,RobertHarbisonwith Stanolind Oil and Gas Co. conducted a detailed
play assessment of the Pegasus Rmldhe West Texa&eologicalSociety (WTG$S.
His assesment inluded a variety of data consisting of, but not limitedstajcture
maps, fluid property data, production data, atiter reservoir parameters e
previously mentionedtackedeservoirsAlthoughHarbisod® s r evi ew was ext et
focusedmore on reservoir characterization instead of the entire petroleum sygitgm.
a different perspective|raost 25years lateKatz et al. (199) conducted aobust
petroleum systeranalysis of the Simpselllenburgef~ormatiors. This study was a
regionalanalysisof major produaing fields found in the PermiaraBin. Their team
conducted geochemical analyses that link Ellenburger produced oils to the Simpson
source rock, as well as volumetric analyses to determine the overall effioiethey
petroleum syem.According to theiobservationswe assume th8impson source rock

is the only source rodktervalcontributinghydrocarbons to thEllenberger resgoir.
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Katz et al.alsoprovides a detailed analysis that contains crucial information prevalent to
the study areaf this analysisDue to similar depositional environments of the
OrdovicianSimpsonmembers, some dafiam their analysis is used aprxy for
values found in the deep basin petroleum system.

Theareaof interest for this analysis corsiderablysmallerthan previous
studies averaging 90 square kilaters (kn?) and isconfined to theenter of the
Midland Basin With almost70 years of work conducted for each zome immense
collection of geology, engineering, and productitatais availablefor the area of
interest Most of this data ipublically availableandis incorporated into amtegratedL-

D basin modelBy assimilatingthis data, aalibrated3-D basin modeis thencreated
and thusacomprehensivenass balance analysianbe conductedor the Pegasus Field.
The PegasuBield containgnultiple formations that act as source rocks, migration
pathways, reservoirand seals that are compiled irtatacked petroleum systefAs
mentiored previously, this analysifocusessolelyon thedeepestomponents that
comprise the Ellenburger zgmaore commonly referred to as the Simp&dienburger
petroleumsystem(Katz et al, 1994).

Thefoundationof the proposed worlow is rooted in the testing of multiple
working hypothese$ropsed working hypotheses do not follow any general théuote
are related tone another by the parameterporcesesvaried in each experiment.
Each working hypothesis represents a possible scenario or modeling parameter that can
be changed to best emwddhe petroleum systemhesescenariosre testedo

determine which hypotheses are probable, possible, improbable, or impddseble
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learnings that result from the mass balance, coupled with match or mismatch of present
day parameters, are anticipatede the mostompelling outcomes that indicate the
validity of a proposed hypothesiBhe goalof this analysiss not to determine if a
hypothesis is possible and probaltiet ratherto learn more about thgetroleunsystem
through successes and failsi@ hypothesis testing\ large variety of hypothesesin

be tested using theodel| but fourideas or conceptre chosethat arepreviously

expectedo have the largest impact on thetroleum systenT hese include the variation

of hydrocarbon expulsioand migration direction, source rock richness, and generation
kinetics.

In many analyses involving basin modeling, accuracy of the project and results
are limited by the input datanodeling techniques, and validity of assumptions
incorporated into the adel. Speculativell -definedassumptioacanbe misleading,
therefore, m this study weseekto bridge this gap by explicitly defininipe assumptions,
variable correlationsandmodeling parameterssed during thenass balance watllow.

A transparent arhgsis will providebettersupport to conclusions deduced from the mass

balanceand allow for consistent repeatability of the proposed workflow



2. GEOLOGIC SETTING

The evolution of the Permian Basin has been extensively dtbglieesearchers
for more tha 40 yearsd.g.Galley, 1958; Adams, 1968Yright, 1979 Frenzel et aJ.
1988 Hills, 1984;Horak, 1985Hoak, 1988Hills and Galley, 1988Kerans, 1988;
Sloss, 1988Kerans 1990. The Midlandand Delawar@®asirs aresubdivisiors of the
greater PermiaBasin whichare characterized #sredeep bassithat developed during
the late Mississippian and early Pennsylvanian at the south margin of the North
American plate, north of the presatdy MarathorOuachita thrust belt (Dutton et al.,
2005; Hills, 1984frenzel et al., 1988Figure 3).

Prior to he structural evolution of theilandand Delaware 8&sirs, a shallow,
intracratonic, dow warped aredeemedhe Tobosa Bsin wagresent in westexas
and southeast New Mexi¢Galley, 1958 Dutton, 2005)The Tobosa Basin existed
during a relatively quiet tectonic period where the deposition of shelf carbonates and thin
shales dominated the succession throughout much of the Ordowitihis time,
regional deposition ahe Lower Ordovician Ellenburg&ormaion occurred consisting
of thick (up to 1700ft.) sequences of muedominated carbonates, with localized
grainstones deposited on a restrictbdllow wateicarbonate ramp (Kerans, 1990)
Middle Ordovician transgressidaterresulted in the deposition ehales, carbonates,

and sandstones of the Simpson Group (Dutton, 260&form carbonate



deposition was dominant during the Silurian and Devonian until widespread black shales

of the Mississippian were deposited regionally thtamg Texas and Oklahon(Hlills,

1984).
Tabpsa Basig-=:.
P - \_ﬁﬁx:\
BO KM Hoa.-ﬂl_-'u. ’ e:"‘-,;"' \\ .

\D\ejawar&

Figure 3. Map of the present day Permian BadihePrePennsylvanian Tabosa Basin
is outlined in redModified after Ward et al., 1986.

During theLate Pennsylvanian toaly Permiancompression driven by ¢h
MarathonrOuachita thrust beled tothe creation of two basiscale depregsns, the
Midland andDelawareBasins, separated by an exhuncadbonatelatform, the Central
Basin Platform(Hills, 1984). Rapid basin subsidence and continuous sediment influx

persistedhroughout multiple compression and relaxation eveuatsg the Triassic
9



During theJurassic tdarly Cretaceousa shallow intracratonic seay flooded the
North American continerdnd depositethick accumulations ofedimentacross the
Perman Basin(Sinclair, 2007. The basirwas latewplifted during the Late Cretaceous
Laramide orogenywhich erodedthousands of feet ;ledimentacross the Permian Basin
(Sinclair, 2007; Horak, 1985). During this processhhéland Basin wadilted creatng
angular unconformities between the Triassic and Cretaceous int&asis.and range
extension across the Permian Bastourred during theate Oligocenavhich was then
followed by mnor sedimentatiothroughouthe LateCenozoic

The PegasuBieldis approximately 10 km wide by 18 km long and is oriented
roughly NorthSouth(Figure 4 and 5). Structurally, the Pegas&#eld Ellenburger
Formationis a 20,000 acre fordomed anticlinghat straddles Midland and Upton
CountiegCargile, 1969). The anticieis bounded on the east and west flank by late
Mississippiamormal faults that aralso roughlyoriented nortkrsouth.Overlying a
grantic basement, thEllenburger Formation igrimarily adark gray to light brown,
finely crystalline, massive beddeolomiticreservoir(Katz et al. 1994)Due toa
relatively calm depositional environment, this reservoir is laterally continuous
throughout most of the Permian Bashpproximately 1000ft. thick in some areas, a
large variety of lithofacies can be fodi within the formation including algal
boundstone, intraclasitc packstone, laminate mudstboerowed mudstone, peloidal

packstone, and ooid packstegkainstones (Katz et al. 1994otential hydrocarbon
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reservoirs within the upper Ellenburger Groupeveroduced by prolonged subaerial

exposure and karstification of the carbonate platform prior to deposfittbe &impson

\,J:// [ )1\
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Figure 4. Structure map of the Pegasus Figlienburger Formation (Harbison,
1955) Reprinted by permission of the WTGS whose permission is required for 1
use.
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Figure 5. RegionalEllenburgerFormationstructuremap with the mass balanpeeudo
well penetratg the top of the Pegasus Field
Group duringhe Middle Ordovician (Ross, 1976; Kerans, 1988)ecciated zones are
distributed throughout the formation and vary in thickness (Cargile, 1969).

Directly above the Ellenburger Formation lies 8immpson @oup which is
generally described as a clegh carbonate and sandstone shale unit deposited during a
marine transgression (Jones, 20@3sed on log analysis from WTGS, the Simpson

Groupmeasures 40f. thick in the Pegasusield (Harbison 1955).The SinpsonGroup
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can be divided into five formations including the Joins, Oil Creek, McLish, Tulip Creek,
and BromidgDecker and Merritt, 1931Yhe Joind~ormationis comprised of gray to
brown shaley limestones and dolomites and is slightly glauconitictzstsThe Oil

Creek, McLish, and Tulip Credkormatiors are mostly shale units with thin layers of
fossiliferous limestones and calcareous samst Lastly, light gray to brown Bromide
massivdimestonewith minor shale interbeds are found nearttgeof the Simpson

Group(Katz et al. 1994).
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3. BASIN AND PETROLEUM SYSTEMs MODELING

Basin modeling is used to model dynamic geologic processes in sedimentary
basins over geologic time spdiantschel and Kauerauf, 2008asin model$orward
simulate rockburial through geologic time to calculate and identify geologic processes
such as heat flow, petroleum generatimigration, accumulatigretc. Similarly,
petroleum systems models are digital data models used to understand and predict the
dynamic nature fopetroleum system3.hese models algarovide a complete and unique
record of the generation, migration, accurtiolaand loss of hydrocarboifi@r a unique
petroleum system through geologic time (Hantschel and Kauerauf, 2886t and
Welte, 1984. Integration ofbothbasin and petroleum systems modslgsed in this
analysis tareate dasin and petroleum systenodelof the Pegasus Field Simpson
Ellenburger system.

Trinity® (Version 5.652019 bash modeling software by ZetaW&res used in
this stuly to model the&SimpsonrEllenburgempetroleumsystemThe Trinity T3
package isnade up othree softwar@ackagesTrinity®, Genesi§, and KinEx 4.8 that
are integrated togethéar basinand petroleum systemnnsodeling.Trinity is used in this
study tocalculate hydrocarbon masses witttie system usindnydrocarbon generation,
migration, and entrapmesimulations Genesis modeling software, which is primarily
used for 1D lithological and thermal modeling, can easily be incorporated into Trinity
for 1-D model calibration. Lastly, KinEx 4.8 asource rock maturity model that can be

used to predict expelled hydrocarbon volumes, remaining source rock potentials, and
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other maturation parameters from source roCkee of the key advantages of usthis
sditware isthelarge variety of ideas and hypothesiegtcan bequickly testedproducing
immediate resulterhich can then be used better understand petroleum systems
All 3-D basin models begin initially asll models where observed fluid and
rock datacan be incorporated for calibration purposes-B thodel is created in
Genesis where all formations are assigned lithological values such as grain densities,
mineralogy, average porosity, and permeability values to best emulate rocks within the
system. Tis 1-D modelisint he f or ml o § 0 a ahdlmdefivd hbw heat
moves through theystem through timeBottom Hole Temperature (BHT) data is
collected forselectecevenly distributed wells within the Pegasus Fi€ldring the
drilling process, ieculation of drilling fluids cool the reservoir, therefore BHT values are
corrected using an average temperature faatat a temperature curve is created by best
fitting data points to dneargeothermal gradienE{gure 6). Also, atransient fixed
temperature basal heat flow d6 m\W/m”2from the base of the lithosphere is used in
themodel (Blackwell et. al, 2011After the £D Genesis modeling is completede
well is incorporated into Trinitgoftwarei ndi cat ed by t he AMass
location in the center of the structurecalibrate the mod€Figure 5). Discussed in
more detail later, a1 ayer cakeo model was then bui
With any petroleum system, we acknowledge thaininof petroleum system

eventds oneof the mostimportant factors thampactthe generatiormigrationand
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Figure 6. 1-D lithology (left) and temperature (right) calibration incorporated into
Trinity Model.
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entrapmenbf hydrocarbons throughut a systemAlthough alarge amount of

uncertainty is associated withe timing ofpetroleum systeraventswe initially use an
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Figure 7. Petroleum system events chart showing temporal relationshgssential
geologicelements and procesqgatz et al. 1994 Reprinted by permission of the
AAPG whose permission is required for further us&PG Memoir 60 AAPG © 1994

events chdrmproduced by Katz et al. in 199Bigure 7) as a proxyo define the timing of
each event for the Pegasus Fiélfter testing of hypotheses is completadevised
timing of events chait producedor the study area.

Figure 8 represents thiurial hisbry modelfor the Midland BasinThis model
emulates the previously described complete giratevolution of the &sin through

time. Figure 9 is a burial history produced from teudy conducted by Katz et al. in
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1994.While this burial hisory diagram is usefibr the Central Basin Platform,
similarities are apparent between both models. One primary difference bétween
burial history model proposed in this study compared to others is the deposition of a
consistently thick and uniformly stiributedsediment sequened approximately 250
Ma. In this analysisapproximately 4,00@. of sediment is depositeahd later eroded
during exhumatiomf the basin(75Ma) (Sinclair, 2007. Althoughthis amount of
missing section was measuliedhe Ddaware Basindue to a lack of data regarding the
thickness of missing section in the MidlandsBethe 4,000 feet of missing sectin
usedas a proxy fothis studyarea Although the precise amount and distribution of
missing section is highly uncentai4,000ft. of sediment is needed to bury the petroleum
system deep enough to expose source rock intervals to temperatures and pressures
required to generateondensate type hydrocarbon fluids

To calculatehydrocarbon massgsesent in the petroleum sgmand identify
their distributionthrough time, simulations are run to genegeatd expehydrocarbos.
These simulations ef er r e d -maot uarsi tfign e gepesatatliring the
gedogic history of the Pegasus Fielahdrepresent thpunctualexpulsion of
hydrocarbons from the Simpson Groistincthydrocarbon epulsionevents source
rock richness distributions, and other maps can be generated using this.Befbosl
hypothesigesting can be executed, time steps used for galelematuity map
simulation must be define@aleeamaturity maps are calculated at a distinct time,
therefore ime step subdivisions begith the critical moment(initial hydrocarbon

expulsion)and endvhencatagenesis or metagenesisiydrocarbon fluids ceasEor
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simulation purposesubdivisions oftenmillion years areused tdbestrepresent each
expulsion event as depictedFigure 8. Subdivisionsand the durationbetween
proposedsubdivisionscan be altered during tesgj to best display expulsion,
accumiation, and increased thermal maturdyents

Two structural surfaces were digitized and incorporatédemodelfrom the
WTGS reportone of which ighe top stucture map of the Ellenburger Formatiweith
depths ranging 960f. to 10700ft. True Vetical Depth (TVD) Harbison 1955).The
other surface is the Pennsylvanian B&odmationapproximately 3,00&t. above
(Harbison 1955) Both formations have structures that atatreely similar to each
other,therefore we assume conformalli@yer cale geology for most of the formations
in this study(Figure 10).Despi t e t hi s st ud-Fllénburgerocus i n
petroleum systemverlying formationsareincluded to build a complete burial history
model.All source rock intervals above the Simp$droup areassumed to be
independent from the Simps&ilenburger system, and contribute little to no
hydrocarbons into the Ellenburger reservoir.

Regional structural variability of the Ellenburger Formation is apparent
throughout the Midland Basin. Althgh there are many ways of mapping the top of this
reservoir unit, data surfacegreprovidedby Dolan Integration Group (20L6rhese
surfaces represent a generalized structure across the entire Permian Basin for-a 6 to 10
mile sampling radius from welbgs Presented earlier, thisgional surface&vasmerged
to the Pegasus Field digitized structural surface creating a new Ellenburger surface

representing measured data from the two datasets. Depending on how each surface was
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independently mapped, the ambof detail and data points used between the two
surfaces is most likely different. Simply stated, merging two surfaces that have variable
degrees ofamplingdetail may have adverse effects on molded resdtsause the

surfaces are directly used in mgdarbon generation simulations. In an effort to best

honor the provided data while making the surfaces geologically reasonable, the merged
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surfaces were slightly altered and smoothed in the areag Wieemaps are directly

merged.To verify the smootimg operations would have little effect on the amount and

type of generated hydrocarbons, the workflesed in this analysis (discussed in more
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detail later)was executed independently using the original and smoothed structure maps.
When the output of thevb models were compared, it wadstermined that the

smoothing operations had little effect on the quality and quantity of modeled
hydrocarbon generation maps.

Decades of workas been conducted to better understand hydrocarbon
generationThe complexity bthese processes is apparent, therefore simplified
generative models and correlations are used in this andfy&i895, AndrewPepper
andPeter Corvibutlined some of the fundamentadmponents used when modeling
hydrocarbon generatiofheir models redted first order reaction kinetics and the
Arrhenius law: kerogen degradation rate through time (i.e. hydrocarbon generation) is
proportional to kerogen concentration at any tifepper, 1991Pepper ancorvi,
1995a; Tissoand Ungerer1987) Significartly more mmplex correlations are used
within the model, but in the most basic condrinity software used in this analysis
relatesexperimentally derived average activation energies, reaction rates, and frequency
factors to kerogen types, temperatuegg] pressures to calculate getigea
hydrocarbon volumes.

Before hydrocarbon generation can be simulated, a kinetic model must be
defined for the Simpson source rock. Kinetic models are a customization parameter that
are chosen to emulate source rodkivals.The hydrocarborkinetic modelusedin each
analysiswill largely impact the volumes of hydrocarbons retaiaed expelled from the
Simpson source rocknitially, amodel referred to a8ACH40is usedwhich relates

temperatureand pressusgo the sorbative capacity of organic mattBepper and
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Corvi, 1995c¢) This kinetic model is typically implemented in conventional petroleum
systems and provides an efficient delivery of hydrocarbons from source rock intervals
into secondary migration pathwayster choosing this modekource rock input values
such akerogen typeinitial kerogen density, orgamand inorganic porositiesan be
customizdwithin thesource rock to create the most realistic expulsion model for the
SimpsonEllenburger petrolem systemDuring this studythe default values listed by
Trinity were determined to be geologically reasonable, and thus were not altéed.
these parameters defith, thesource rock unitsithin themodel camow simulate the
expulsion ofhydrocarbongnto thesystem

Hydrocarbon migration is one of the most poorly understood presiesa
petroleum systenDue touncertainty and complexity surrounding migration, we use
simplified conceptual models to define where and how hydrocanmave througihe
model.Conceptually hydrocarbons preferentially migrate due to buoyancy in the path of
least reistance. These hydrocarbdimsv through migration pathways that conntot
source to the reserirdor a given volume defined byfetch areaand migratiorpathway
thicknessDuring continuous generation and secondary expulsion of hydrocarbons into
migration pathways,Unyancy pressures wilicreasaesulting inhydrocarbons
overcoming capillary forces amdigratingtowards arap (Hubbet, 1953. As
hydrocabons fill thereservoir they will either generate enough buoyancy pressure to
leak through the seal or hydrocarbons will fill the reservoir completely and spill (Berg,

1975).
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The area iwhich expelled hydrocarbon fluids predetially migrate and
accunulate for a given reservoir is definedafetcharea Fetch areas are defined for
each time step and ad@ectly influenced by the structure of the Midland Basin through
time. The structural evolution of thdidland Basin is complexvhich makes
determinng the orientation and shape of the fetch area tfivdimechallenging Trinity
contains @ackstrippingoperation that usebe proposedburial history model to
determine paledetch areasbut uncertainty is high due t@riablesurface depth control
located outside of thecorporated @ imaged Pegasus Field structure. We attempted to
execute this operation anyways, kgre unsuccessful'he paleestructure maps made
little to no geologic sensand approximatedalecfetch areas werenreasonablyigh.

For thisreason, we define a constant and unique 262f&toh area that is determined at
the location of the Pegasus Field and its proximity to the g##pocenter during the
Early PermianKigure 11). Wealsoassume for modelingurposes that comtiied large
scale structural alteration of the system is relatively low aside from faulting occurring
during the late Mississippia@imply stated, after the structure of the Midland Basin and
Pegasus Field are formed, the system is buried, hydrocarbagpsramted, and the
preserved system is exhumed to present day depths with little to no major structural
deformations. Thermal maturity of a source rock is also considered when defining a
fetch area. For this analysis, the study area within the Midland Baa mature system,
therefore immaturity is not considered when determining fetch akéhsugh we seek

to match present day parameters within the model, some input parameters are dynamic,

do not match present day values, and are not constant titnoeg his is typically
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Figure 11. Fetch area for the Pegasus Figleenburgettrap. Any hydrocarbons
generated and expelled from the Simpson Group within the red polygon will
the Ellenburger trap.

associateavith source rock richness valussch as Total @anicContent(TOC) and
Hydrogen hdex(HI). Due tothis variation,original richnesparametergrior to
hydrocarbon generatipn r ef er r e-gd at a meake mférgdnpué parameters.
Although tese values can be estimatisihg calculationgJarvie et al.2003,2012

Montgomery et al., 20Q5original richness values air@tially approximated for the
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Simpson Groujn this study using the followinlgpgic: Present day TOC measurements
average .5 to 3 wt. %ithin the Simpson GroufKatz et al., 1994)Discussed in more

detalil later, mosearth scientistagree a minimum of 2 wt. % TOC is needed to generate
significant accumulations gfroducible hydrocarb@{Jarvie, 1991Peters and Cassa,

1994). With this in mindreasonabl@alec TOC valuesmust vary fron2 to 4 wt. %

assuming 25 to 75 percent of generative carbon is transformed into fluid hydrodarbons
match present day measufEQC data.Although keroga within the Simpson Group is
broadly classified as Type II, the kerogen type found in the Simpson Group is defined
using organofacies developed by Andrew Pepper and Peter Corvi in 1995. The Simpson
Group is most broadly associated with transgressaemum flooding systems on
depositional marginwith kerogenghatare dominated bgquatic, algatierived

precursor lipids (Pepper and Corvi, 1995a). This depositional environment and organic
input is characteristic of a TypeiBAquatic Marine Clay Rich kegen. Per these
observations, Type B kerogen is used in this study and default parameters such as Gas
Oil Generation IndexGOGlI), and Transformation IndeX (), are used to emulate the
Simpson Group prior to hydrocarbon generataleeHydrogen Index valeson the

other hangdwere derived from modified Van Krevelen diagrams (Tissot and Welte,

1984) Typicalimmaturemarinesource rockgType B)have HI values averaging 500 to
650 mg/gTOCTrinity defines eHI default input value of 592 mg/gTOGr Type B

source rocksvithin the modeland we determinethis value to bea fairapproximation

for the Simpson source rockhereforg an initial TOC input parameter of 2 wt. % and a
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hydrogen index of 592 mg/g TO&eused in this analysis which both represent
ressonabldnitial source rockichness valuefPepper anc€orvi, 1995a)

't i s appar en tsenioincharatiGiZatioeat the Eleéhburger
Formationis a complex reservoiFacies within the EllenburgeioFmationare generally
known, but the lateal extent and variation of thefgciesaredifficult to constrain
(Kerans, 1988 Because of ik observation, we assume in thedel a pseudeffective
Ellenburger reservoir interval defined kemogeneous and isotropfroughout the
study areaSimilar assumptions arapplied to Simpson group due to similar spatial
variation of rock facies ansburce rock richnesklnder these assumptionq@rameters
such as lithology, porosity, permeabiligtc.are constant and evenly distributdthe
Ellenburger reervoir volume is also difficult to quantify due te @blique shapewith
the reservoir boundaries defined in the mod@ghity contains a flash calculator that
measureshis shapeand can define the overall volume of the Pegasus Field Ellenburger
resevoir. We utilize this function to calculate reservoir volumes, but also verify the
accuracy by estimating volumesdhigh hand calculationé.ccording to both
approaches, maximum resource volumes are approximately 400 MMbbl of
undersaturateccondensateil.

Since hydrocarbons in thisodelaregenerated duringiultiple time stepshe
distribution ofsource rock richness values will charigeugh timeas the source rock
maturesAs discussed previouslyafecmaturity maps are generated at each time step
usingthe initial previously defined source roglarametersAs the system matures, solid

organicsare converted tbuid hydrocarbos. During this processource rock richness
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values will correspondingly decreaa® hydrocarbons are continuously genekaie the
end of each time step (hydrocarbon generation and expulsion event) aaetof p
maturity mapwill estimate the remaining distributiofi source rock richness values
These mapa ow r e pr e sosaurcerotkhat wiil lme&omsidered for
hydrocarbon gegration during the following e step.This process is repeated until
expulsion ceases.

Little to no maturity data has been documented for the Pegasus Field, therefore
indirect measurements were used to best identify thermal maturity systeen.
Hydrocarbon fluids produced from the Simpson Group are primarily single phase
condensate oils with API Gravities varying from 53 degree API to are@xded value
found of 59 degree API indirectly adjacent Ellenburgelid¢td at similar depthsHigure

12) (Harbison 1955). This serves as an indirect thermal maturity indicator, and we

CHARACTER OF OIL
Gravity, Sulphur,
API @ 60°F. LA
San Andres 29 ?
Spraberry 38 0.33
Wolicamp 42 0.12
Bend 44 0.07
Devonian 48 0.08
Ellenburger 53 0.09
For analyses of Fllenburger oil see:
U. S. Bureau of Mines Lab. ref. No. 50048
Analyses of Crude Qils from
Some West Texas Fields.
R.I. 4959 (1953) Itemn 42

Figure 12. API gravity of stacked plays withitné Pegasus FieltHarbison, 1955).
Reprinted by permission of the WTGS whose permission is required for furthe
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Figure 13. Variationin fluid type with increasing maturity. Modified after Tissot, 1974.

assumesource rockntervalsmust have at least been exposed to temperatures and
pressures great enough to geatecondensate fluids. Thereforey affective vitrinite
reflectance value (%f2x) of 1.1 to 1.9 is used to characterize the thermal maturity of the
systemAs paleematurity maps are generataastantaneoulydrocarbon API gravity
distributionmaps aralsocreated displayinthe variation of oicompositiors expelling

from the Simpson Groupithin thefetch arealLong chain hydrocarbons such as heavy
oil (~28 API or 887 kg/rf) are typically generated first and later transition to volatile

oils (~40 APlor 825 kg/ni), condensates (~53 ABt 743 lg/m?), and end with wet and

dry gas (API gravity N/AYFigure 13). Gas densities range from wet gas @b) to

dry gas (0.71 kg/r) at standard temperature and pressure (5B thesenaps, oil

API gravities can bassociated tthe volumes of oil ecumulating in the Ellenburger
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