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Abstract

ASSESSING AN OFFSHORE CARBON STORAGEOPPORTUNITY
AT CHANDELEUR SOUND, LOUISIANA

Yushan Lj M.S.E.E.R.

The University of Texas at Austigp23

Supervisor:Susan D. Hovorka

Carbon Capture and Storage (CCS) is considered a crucial technology for climate
change mitigation. Its primary objective is to red@®, emissions caused by human
activities by capturing gas from large point sourgesom direct aircaptureandinjecting
it into deep geologic formations. This study focuses on the geolafiaedcteriationand
CO, storagecapacity estimation for an offshore state water sif@handeleur Sound,
Louisiana.Form literature review, the storage window is narrowed to Middle and Upper
Miocene.3-D seismic data was used for fault and horizon picking, stratal slicing and
attributemapping. Three attributes/methods were used in the stratal slices: Sum Negative
Amplitude, RMS amplitude, and Spectral Decomposition. The slibes ay qualitative
overview of the depositional trends and faulting in Chandeleur Sound and concluded that
theideal storage intervals include the Upper Miocene in the southern area, the upper part
of Middle Miocene, and a massive channel system near the top of Upper Miocene which
is likely to bea deposit fronthe paleo Tennessee River. Well log correlati@s ugd to
identify seven reservoir zones. Detailed reservoir properties were defined for these zones.

The thickest net santhterval within the Chandeleur Sound area is found in the

center Static and gnamic storage capacity calculatioestimatea total sorage capacity



of 306 to 2,000 million metric tonef CO,, depending otboundary condition. The value
of 306 Mt is the most realistic and is used for soiok matching.

Chandeleur Sound is close to Louisiana Chemical Corridor (LCC) and has plenty
of point sources foCO, supply. The costs associated with carbon capture, transport and
storage and were considered. Pipeline is the only transport sceoasidered for large
volumes that must be transported on land and then into shallow marine sé€ltihags
pipeline regulationsinclude both federal and statkevel jurisdiction Pipeline costs
estimation usingFECM/NETL CO; Transport Cost Modehnd Terrainbased approach
concluded that 20 inchespipeline from the carbon gathering hub to the injection site

would have a construction cdsbm $140million to$1.16 bllioni n 2023 6 s dol
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1. Introduction

1.1.OVERVIEW OF CARBON CAPTURE AND STORAGE

Carbon Capture and Storage (CCS) has been profmsedany groupsas a
promising solution to mitigate climate change by providing a secure and permanent
mechanisnto store carbon dioxide in deep underground formatiblagional Petroleum
Council (NPC), 2019; Global CCS Institute, 202P)e goal of CCS is to captu@@®,from
both the atmosphere and from stationary sources of emisssoch as power generation
plants that burn fossil fuelsto prevent the gas from entering the atmospidPE€in 2019
concluded that around 50% of U.S. greenhouse gas emissions came from 6,500 large
stationary emitters, which produced 2.6 billion metric ton€©% per year (NPC, 2019).

In the short termCCS can contribute to a reduction in the amount of carbon dioxide

released into the atmosphere. In the long term, &@t@f emissions are able to be
significantly reduced, CCS technologies would allow the annuauaimextracted from

the atmosphere to be greater thaemissitmeé amount
(NPC,2019; Global CCS Institute, 2022)

Under the Paris Agreemerthe International Energy AgendiEA) outlines two
different scenarios: Th®tates Policy Scenario and the Sustainable Development Scenario.
Stated Policy Scenario (STEP&enariowhich aims for a 55% carbon dioxide emission
reduction by 2030 compared to 1990s levatsumes the energy demand will rise by 1%
per year to 204(qlEA, 2019) In the Sustainable Development Scend&®S), IEA
concluded thaCCS will account for 15% of the carbon reduction by the end of 2070
compared to STEPS (IEA, 201%ith the continuous increase in global population there
is an inherent necesgitor more energy production, and CCS provides a solution to reduce

stationary emissions (NPC, 2019). The Intergovernmental Panel on Climate Change
16



(IPCC) concluded that the costs of maintaining atmospl@@iclevels consistent with
holding average glob&mperatures at 2°C above fneustrial levels, decreased by 50%
with CCS implementation (IPCC, 2014). However, there were only 10 CCS facilities with
a CO, storage capacity of 25 million metric tons per annum (Mtpa), which means they
offset less than 1%f the emissions from large stationary sources (NPC, 2019). More CCS
projects will be needed to sustain the demand of energy from fossil fuels while achieving
carbon reduction under | EAO6s guidelines.
A CCS supply chain includes three major componecdsture and separation,
transport, and geological storage (NPC, 20I%g first step, carbon capture, involves
capturingCQO, from point sources or directly from the air followed by separation and
purification. Then, during transportation, compres<e@. is sent to storage sites via
pipeline, ship, truck, or other modes. Finally, supercrit@@ is injected into a permeable
reservoir Figurel). Each of these stepsquire detailed engineering, financial evaluations,

and environmental considerations as they are technologically sophisticated and expensive.

17



CO, capture
(at powerplant or
industrial facility)

Pipeline transportation Ship transportation

Figurel. lllustration for CCS (Choudhary, 2016).

Nearly 45 million tonnes o€O; havebeen captured ithe year2021 (IEA, 2022).
NPC concluded that capture, the first step, is the most expensive portion of the whole CCS
project due to the equipment needed forgggmration (NPC, 2019)he DOE categorizes
carbon capture for power plants into posmbustion, pr&ombustion, and oxy
combustion capture. Pesbmbustion is the most widely used and applicable toGaw
concentration exhaust from natural gas and-ticed plants. Pr&eombustion anaxy-
combustiorhave higher capital costs but offer advantages such as higher reduction of NOx
emissions and pur&O, stream, respectivepOE, n.d.; NPC, 2019)

After theCQOy is captured, it would be liquefied and trangpd to the storage site
for injection. As mentioned above, methods used for transport include pipeline, ship, rail,
and truck. Pipelines are the most common wayCo transport and will be discussed
further in this research. Ships gn@posed for use offshore CCS projects, especially in

Norway. Rail may be used for longer distances as a moreffestive method of transport
18



while trucks may be preferred in shorter distancesubuigthese methods may ngeld
profitswhen transporting large volumes. Ultimately, the choice of transportation will vary
depending on many factors such as distance, volume, availability of existing infrastructure,
disturbance to nearby communities.

Finally, the carbon dioxide will be seqoed in its supercritical state.
SupercriticalCOz is a state in which th€O; exists in both a liquid and gas like state
making it highly compressible, less viscous, and dethisar gasin this stateCO, takes
up less spacthan gasand will allow formore efficient injection and storage. In order to
maintain the supercritical sta€0, must be stored where the temperature is greater than
T .=31.1 °C and pressure greater thidn =7.38 MPa (critical point) under normal
atmospheric conditions (Bachup@3). With a geothermal gradient of 2@®5 °C/km
(Holloway and Savage, 1993; Nagihara and Smith, 2008; Christie and Nigihara, 2016), the
reservoir should be at least 800 meters (~ 2,700 feet) deep. Target injection reservoirs
include subsurface saline foations, coal beds, depleted oil and gas fields, and mature oll
production fields for enhanced oil recovery (EOR) (Global CCS Institute, 2Bd&ures
a reservoir must have include good porosity and permeabili@@tto flow; reasonable
volumefor a large amount o€O; to be stored, adequate features to ensure containment of
COQ..

In the US, as accordance with the Environmental Protection Agency (EPA), a Class
VI permit needs to be obtained for the wells used for geolo@i€alstorage The main
goal of a Class VI permit is to protect the underground sources of drinking water (USDW)
and prevent any risk related to the storage. Monitoring is conducted during and after the
injection with technologies such as soil gas detection, remasegeand 4D geophysical
surveysproposed(Jenkins et al., 2015)or offshore storage sites, which do not affect

USDW, monitoringCO, plume and pressushallstill berequired
19



Interest in CCS has increased in recent years as a technology for cliarage ch
mitigation which requires detailed analysis of sipecific characteristics that would affect
the storage valuef each project. The goal for this research is to assesgetilegical
viability of CCS in apreviously unstudiedbcationi Chandeleur 8und, Louisianaby
using well log and seismic data to identify suitable intervals in order to estimate the total
capacity forCO, storageand to evaluate the economic viability by estimating capital costs

of the CQ transport via pipeline, a crucial stepthe CCS supply chain

1.2.Previous WORK

Many studies have been done G0, storagecapacity estimations specific to a
single site or to a depositional environm@ismukes et al., 2017; Beckham, 2018; Ruiz,
2019; Garcia, 2019; Ulfah, 202 apacityis estimated in two ways: static, which makes
a simple calculation of the pore volume from physical propdstised on an assumed pore
volume occupancyand dynamic, which takes into consideration pressurarggction
rate limitatiors. Here | am giving a few examples of capacity studies neaChiamdeleur
Soundstudy area. Dismukes et al(2017 proposed an onshore CCS project which
integrated sources from the Louisiana Chemical Corridor (LCC) to Bayou Sorrel and
Paradis fields. Theyséimated a dynamic storage capacity range of 94 to 132 million metric
tons in both fields (Dismukes et al., 2017). They also investigated carbon sources,
transportation, economic feasibility and legal issues. Beckham (2018) used-a high
resolution geologienodel, along with outcrop and subsurface data to analyze the CCS
potential in deltaic depositional environments. Ruiz (2019) and Garcia (2019) analyzed
two sites located at High Island field, offshore Texas States. They both conducted in
depth reseah on geological characterizations, seismic and well log analysisaijetar

modeling, and calculated the storage capacity for both fields (Ruiz, 2019; Garcia, 2019).
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Ulfah (2021) also used 3D seismic and well log data for an anticline structure lotated
offshore Texas and used sophisticated models to make capacity estimations and modeled
the pressure plume.

| have followed a similar approach on an offshore storage site in Chandeleur Sound.
Chandeleur Sound is located in state waters offshore Soutlveesiana Figure2), along

the Gulf of Mexico (GoM).

/| Chandeleur Island
3D Seismic Survey Area

Figure2. The location of study aréaChandeleur Sound-B seismic volumé&Phillips,
2022).
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2. Research Background

2.1.GEOLOGICAL SETTING OF THE CHANDELEUR STUDY AREA

Chandeleur Sound is located within tierthernGulf of Mexico Basincontinental
shelf. Theorigin of the Gulf of Mexicdbasindates back to the late Triasgieriod, around
200 million years ago, when the supercontinent Pangaea began to break apart as the North
American and South American plates pulled away from each other (riftag)in, 1978;
Salvador, 1987)As a result, a series of extensional faultsettgyed in the region which
contributed to create the basin with sediment input from the surrounding land. The basin
has undergone many changes over its geological history, inclirditigg, subsidence,
uplift, and salt withdrawal that created numeraudts andolds.

The Gulf of Mexico Basin is an important source of oil and natural gas, as well as
minerals such as salt and sulfur. With the growth of the CCS industry, the shelf area of the
Gulf of Mexico basin represents an attractive region testast amounts O, in sand
prone reservoirdeckel et al., 2018).

In the northern Gulf of Mexico, sediments were sourced from erosion of the North
American continent, transported by rivers and deposited in fluvial, deltaic, shelf, slope and
deepwater environments and consist of interbedded sands and st@esiden and
Galloway, 2019) Throughout the Cenozoic efarge volumes of sediments brought by
eight major fluvial systemd-{gure 3) entered the Gulf of Mexico Basin from the North
American Continent, resulting in large fluvial and deltaic systeand thicker sediment
accumulation(Galloway, 2008 Galloway et al., 2001 Sediments form wedgehaped
bodies that are shingled, with younger wedges deposited seaward of older (fFeglges
4; Snedden and Galloway, 2019

22



Figure3. Geographic location of the Cenozoic fluvial input axes around the northern Gulf
of Mexico (Galloway, 2008). Modified from Galloway et al., 20RBi Rio
Bravo; RG Rio Grande; GGuadalupe; CColorado; HB HoustonBrazos;
Ri Red; M Missis§pi, Ti Tennessee.

10,.000 =
T

50 km

gl 30 mi

2
[EBSH Pleistocene and Holocene [CMMT] Middle Miocene [ Middle Wilcox to NT
Pleistocene - Trim. A. Ll Lower Miocene Navarro-Taylor and older units
Pliocene to PL Frio - Vicksburg to UW [[Mzu ] Mesozoic undifferentiated
[um] Upper Miocene [ow ] Upper Wilcox Basement

Figure4. Gulf of Mexico Cenozoic cross section (Snedden and Galloway, 2019).
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Considering th&€ O, supercriti@l depth, the ideal storage windownmuch ofthe
GoM shelf region has been narrowed down to the Miopealeably Upper Oligocene in
some area$Vhile Chandeleur Sound is located east toetigatfluvial systems irFigure
3, the possible sediment supplier wouldpadeo Mississippi an@iennessee River.

The Lower Miocene (LM) is divided by two maximum flooding surfaces, into two
lower sequences LM1 and LM3ned@n and Galloway2019) During the early Miocene,
a substantial amount of sediment was brought by the pateGrandeMississippi River
and Red River, creatinijorth Padre DeltaCalcasieu and Mississippi Delta, and Central
Gulf Basin Floor Apron (Galloay et al., 2000)However, these fluvial systems mainly
fed the northwest Gulf of Mexico Basin, leaving southeast Louisiana (where Chandeleur
Sound locatedptarved During both LM1 and LM2, shelf margin directly cut through
Chandeleur study (Snedden andll@vay, 2019)Shore zone system and progradational
slope apron contribute to the depositional fasieSoutheast Louisianduring LM1, with
muddy carbonate shelf and slope ramp intersecting Chandeleur Sound (Snedden and
Galloway, 2019). Thereforéor Chandeleur Sound,ower Miocene is not ideal faCO

storageFigure5 shows the map of paleogeography and facies of LM2.
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Figure5. Paleogeography and facieslafwer Miocene2, northern Gulf of Mexico. Red
rectangle indicate€handeleur Sound study arééodified fromSnedden

and Galloway2019).

It is believed that during the deposition of the Middle Miocene (MM), three major
riversi Guadalupe, Mississippi and Tennessee entered the gulf and a large depocenter was
formed at tle northern Gulf of Mexico (Galloway et al., 2011; Snedden and Galloway,
2019). The shelf margin was still positioned within the Chandeleur seismic survéyarea

has prograded basimard (Figure 6). The regional study also shows that during MM,

Chandeleur overlapped with the shore zone,ysahdlf system and shefiéd depositional

coastal plaifSnedden and Galloway, 2019he sandy zone would be favorable forLCO

storage.
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Figure6. Paleogeography and facies of Middle Miocene, northern Gulf of Mexico. Red

rectangle indicates Chandeleur Sound study area. ModifiedSredden

and Galloway (2019).

During the Upper Miocene (UM), the shelfangin continued prograding basin

wardto south of the Chandeleur seismic surviéig(re?7) (Snedden and Galloway, 2019)
Two principal fluvial axegMississippi and Tenessee Rivepersisted through the entire
Upper Miocene deposode and provided a substantial amount of the sediment that infilled
the central Gulf of Mexicol'he slope and apron at the south of the survey transformed into
a fluvialdominated delta systenmhile the north side is still part of the shore z¢Wau,
2004;Snedden and Gallowa®019).1t is expected to see sandy deltaic features within UM

in the southern Chandeleur Sound, and these features could be reser@sdtmrage
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Therefore,the storage windowhas been narrowed down to Middle and Upper
Miocene. Despite the possibility of sarfarone reservoirs formed by fluvial deltaic
systems,CO, storagein MM and UM is likely to be feasible because of following
conditions:

1. The Middle and Uppe Miocene are characterized as samth deltaic have
interbedded mudstones which could be used for seals. (Snedden and Galloway, 2019;
Bump et al., 2021)Numerous oil and gas fields have been discoverdtle areas near
ChandeleuSound where the maiproduction interval is Miocene (IHS Markit, n.d.). Oil
and gas discovery likelindicate good reservoir quality and capable seals. Within the
Chandeleur Sound seismic survey, many wells were drilled and provides good well control
for seismic interpretatioand reservoir quality evaluation.

2. The top of the overpressure in the Chandeleur dfepure 8) has also been
defined using the regional distribution of depthtoons of the 0.70 psi/ft pressure gradient
proposed by Burke et al. (2012). addition to the depositional advantagilost of the
Upper Miocene and Middle Miocene are not overlapped with the overpressure region,

which leaves most of the intervals available@&, storageanalysis.
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Figure8. Map of overpressure, modified by Phillips (2022) from Burke et al., 2012.

2.2RECENT FINDINGS ON CHANDELE UR SOUND

Carbon storage in Chandeleur Sound is favorable due to the abundaB€e of
sources. According to the EPA, the state of Louisiana reported 128 million metric tons of
CO; emission throughout 396 facilities in 20@EPA, 2021). The top 4 emitters, and their
respective amounts €O, emitted, were reported as follows: chemical plants (39 million
metric tons), power plants (34 million metric tons), refineries (26 million metric tons),
petroleum and natural gas systef2% million metric tons) (EPA, 2021). Among all the
facilities, two chemical plants have collected and reusedCi®e on-site for other

productions. Two other facilities have collected the emitted gas and transferred it to other
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locations for reusing or fo sequestration. One facility did both (EPA 2021).
Geographically, the emitters clustered in New Orléakigtairie, Baton Rouge, Lafayette,
and Lake Charles metropolitan areas in Southern Louisiana. Located within the New
Orleansi Metairie metropolitan r@a, Chandeleur Sound is close to the major emitters
along the Louisiana Chemical Corridor (LCC), which makes it a good storage site.
However, LCC is not the only industrial cluster for stationary carbon sources. The emitters
in the whole state of Louisianas well as nearby sources in Mississippi, are all taken into
consideration.

The stratigraphy of Chandeleur Sound during the Cenozoic era has been interpreted
by the Gulf Basin Depositional Synthesis (GBDS) researcher Marcie Pliignsé€9).
From the seismic cross section, it is clear that the Paleocene and Eocene are
undifferentiated. The Lower Miocene (LM1 and LM2) is condensed while the Middle and
Upper Mioceneantervals aresand proneRecently, a submarine canyoramedChandeleur
Canyonwas discovered in Chandeleur Sound within the Middle Miocene (Phillips, 2022).
Submarine Canyons are sediment conduits from the shelf to the slope and basin floor,
where somare associated with fluvial channel systemadiypof the canyongFisher et
a., 2021)In our case, the canyonis likely created by sediment instability at the shelf margin
(Uroza, personal communication, 2022oleman et al 1983. Within the canyon f,
sediment moved bynasswasting was deposited from the shelf margin areafitbthe
canyon. This type of depositional setting could result in a mix of lithologies with high
heterogeneity in the stratigraphic section of interest, making the estimatpmrasity,
permeability, andCO; storage capacity more difficult. Wells that penetrated through the
Upper and Middle Miocene canyons also show shaly features with less sand compared to

the noncanyon environments. Therefore, the stratigraphic sectiomexsyChandeleur
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Canyonin the Middle Miocene is not under consideration as a storage reservoir in this

research.

Middle Miocene
Canyon

Figure9. Stratigraphy interpretation on Chandeleur Sowms®ismic survey inline
cross section during Cenozoic (Phillips, 20Z2ta owredand controlled
by SElInc, Interpretation by University of Texas at Austin.

2.3.HYDROCARBON PRODUCTION OVERVIEW

Chandelar Sound s | oc atwatkswitml7Qveelsiddlledanads S
within the Chandeleur Sound seismic survey area from the 1960s to early 2000s. Among
them, 34 wells have natural gas productmal 29 of them produced from the Middle or
Upper Miocenewhile 5 wells produced from Pleistocene or Plioc@hts Markit, n.d.).

The total production from the 34 wells was 57.7 BCF (billion cubic feet) which means on
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average, the cumulative production from each well was 1.7 Bigkre10shows the gas
fields distributions. Well 17727204200000 has the largest gas production of 5.79 BCF,
which is nearly three times greater than the average estimated value of 1.7 BCF frem abov
and 1,172 BBLs of oil. Annual gas productidingurell) shows that the annual production

rate for the whole Chandeleur Seismic Survey was less than 5 BCF/ylab®o@b60s to

2002 but peaked in Year 2003 at around 13 BCF/yr, and then decreased rapidly until
depletion in 201YIHS Markit,n. d).
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Figure10. Hydrocarbon production within and near Chandeleur Sound seismic survey
(Data fromIHS Markit).
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Figurell Annual natural gas production trend of Chandeleur Sound from 196800 201
(IHS Markit, n.d.)

The hydrocarbon production within the Chandeleur seismic survey area is
considered low compared to nearby feeklich as the Eloi field, Chandeleur Sound Block
25, and Stuart BluffThe presence of gas production proves that the petroleum system
works, at least in the regions with proven gas production, within Chandeleur Sound. Prior
to 1999,it was assumed thatydrocarbon exploration within Chandeleur Sound relied on
2-D seismic linesandwell logs. 2D seismic data lacks the ability to capture fine details
and often fails to showut-of-plane structuresConsidering this and the number of dry
holes in ChandeleiBound, it is possible that tisparse accumulaticsf gasproduction is
the result of the lack of the structural traps, or lack of ojghlity seals that are extensive
enough to retain large amounts of gas from vertical leakage. Additionally, from the initial
seismic analysis from Phillips (2022), there argormaven stratigraphic traps or structural
boundaries within the seismic survey. There has been no analysis on the offset of the faults.

Chandeleur Sound in the Middle Miocene Shelf and Upper Miocene shows a gently basin
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ward-dipping structure which leaveké possibility that hydrocarbon may have migrated
landward until encountering a structuralptrahich is not under the Chandeleur seismic
survey. These are risks that need to be carefully evaluated to ensure a well contained carbon

storage project and wille further discussed Bection3.3, Trapping Mechanism.
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3. Geological Characterization and Storage Capacity Estimation

The first main goal for this research is to estimate the storage capacity for
Chandeleur Sound. Two datase®D seismic survey and Wéogs are being studied and

interpreted following the workflow:

Faults
3D Seismic

Horizons Model Grid Geo-model Horizon Stacks

Gamma Ray » Correlation ‘Reservoir Thickness Geobodies ‘
Well Logs I S
, Porosity -~ LN "
Porosity Logs : - ( Storage Capacity )< — Reservoir Area
Permeability ANy . c

Figurel2 Workflow for storage capacity estimati¢this work)

Several softwarevasused for this sectiorHorizons and faults picking, and well
logs correlatiorwas done using Landmark Decision Siia¢¢aliburtonsoftwarg. Eliisd s
PaleoScan was used for creatiagModel Grid, a Geomodel, Horizon Stacks, and
Geobodies.Noted that the Gemodel wasa Relative Geological Time Modeguto
generatedrom seismic volumén PaleoScan to perform horizon stacking on, it is riét a
D Geological Model. The dynamic storage capacity sensitivity analysis was run on

EASITool, a tool developed by GCQEBosseini andsanjdanesh2018§.

3.1.3D SEISsMIC ANALYSIS

The 3-D seismic survey in time within the Chandeleur Sound area was leased from
Seismic Exchange, Inc (SEl),wasconverted to deptktructured modeland interpreted

by previous researchers in BEG. Faults atdtigraphic horizonsvere interpreted by
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Marde Philips and Dallas Dunlap from BEG. The interpretatiwese thernusedin this
work tolocat geologicahorizons(i.e., Top of Miocene, etc.). The whole survey is around
660 square miles in sizehave usethetime-structuredseismic volume for int@retatiors
used depttstructured model tte with the wells The volume can be viewed at inline and

crossline.

3.1.1. Faults and Horizon Picking

28 faults have been pickedthin the Chandeleur 3D seismic survéjgure 13).
All of them are interpreted asormal faultsand cluster at the shelf edge. There are also
faults on the south side of the survBiost of the faults are stretching alongside the shelf
break (Northwestto Southeadt Like many other faults irGulf of Mexico, faults in

Chandeleur Sound tend to be parallel with the shoreline.
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Figurel13. Faults within Chandeleur Soueismic SurveyData owredand controlled
by SElInc, Interpretation by University of Texas at Austin.
Threehorizons were pickebased on biostratigraphic zonationté@m wells. Ten
wells with biostratigraphic markers were used for dginition interpretations (Phillips,
personal communication, 20P@ ablei- Appendix) The Lower and Middle Miocene has

distinctivefossil assemblages indicating the age of theséaceswhile Upper Miocene
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surfacedoes not have a specific fossitlicator. Phillips (2022) used the youngest fossil
Bigenerina Aat well 17727204900000, which has an age slightly older thearoi of
Upper Miocene and picked the UM top 100 feebvetheBigenerina Amarker.Textularia

W can be usedsan indicating fossil for defining top of Middle Miocene (Galloway et al.,
2000).In this researchrefer to surfacestop of UM, Top of MM, and Top of UM Figure
14). Techniques used in horizon picking include maspieking and autdracking while
autotracking was used when reflectors were continuous, and mpitkalg was used

when encountering faults.

Figurel4. Three horizongterpretedtop to bottom: top of Upper Miocene, top of
Middle Miocene, top of Lower Miocene)ata owredand controlled by SEI
Inc, Interpretation by University of Texas at Austin.
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3.1.2. Stratal Slicingand Attribute Mapping

Stratal slicing is a technique used on 3D seismic surveys to obtain attribute maps
on selected stratum. This method was first introduced by Zeng (1994), giving
considerations that traditional horizon and time slices were not pbeeatise the realistic
stratal surfaces (timgansgressive) are not necessarily reflected on amplitude and
impedance in the seismic volume (Zeng, 1994; Vail, 1977). It is a tool for interpreting
horizontal seismic surfaces and can be applied with a limearpolation algorithm
between two reference events (Zeng, 2010). To best represent a stratal slice, frequency
based techniques such as phantom mapping (Zeng et al., 1998) can be used. Unfortunately,
the slicing process in this reseaishimited becaus¢he 3 horizons that were picked and
used inPaleoScalgeomodel creation is basedeseismic phases (peak and trough).

Theinterpreted seismiborizons were imported to PaleoScantfastratal slicing
process.This softwarecanrecognizefaults when @écountering a discontinuous horizon.
With the 3D seismic volume and the horizons, a model grid was created showing the
merged seismipatche that represents the similar wavelets and relative distance. The
correlation threshold is 30%, which is the defaaltie that allows patches with correlation
factor above 30% to be linked&l{is, 2021). After that, | increased horizon constraint by
adding the three horizons and then imported to the model grid, providing the grid the
reference from the interpretationBinally, a Relative Geological Time Model (RGT
Model) was computed from the model grid. This model was used in the stratal slicing
process with several attributes including Sum Negative Amplitude, Root Mean Square
(RMS) Amplitude, and Spectral Decompasit Stratal slicing from each attribute was
performedmainly on the storage interval of interest: Middle and Upper Mioceitech
are bounded by two horizons: top of Lower Miocene and top of Upper Midaextended

the interval slightly beyond MM and UM order to see other possible prospects.
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3.1.2.1. Sum Negative Amplitude

550 stratal slices between the top of Upper Miocene (UM) and the top of Lower
Miocene (LM) have been created using the attribute Sum Negative Amplitude. Five major
sandprone geobdies have been found, most of them located on the south side of the
Chandeleur area, mainly located within the UM intervadyre 15). It is likely that the
sand was brought by a channel system from the northwest of the ssisney which

possibly was reladto the paleo Mississippi or Tennessee River.

Figure1l5. Sum Negative Amplitude stratal slices within Upper Miocémét to right:
Lower UM to Upper UM.Yellow indicates large absolute negatixsdues
while white indicates positive amplitude valuBsight amplitudes are likely
associated with safngrone areadData owredand controlled by SHhc,
Interpretation by University of Texas at Austin.

Sum Negative Amplitude, in PaleoScan, is thelaita for Horizon Stacking which
sums over the vertical analyzed window and maps for each point of the current horizon. In
this case, the window size is 7 samples. This method gives an overview of the general
distribution of sangprone geometries since thegative amplitudes reflect a trough in our
polarity, which could indicate the presence of a-l@locity layer (sangbrone in Miocene

casg. The horizon stacks only provide a qualitative concept to map the approximate
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location of the sands, instead of igy the exact value of reservoir properties, like porosity

or net sand, for instance. This method has not been studied much like the more conventional
attributes like RMS and Spectral Decomposition. We are confident to say that the yellow
areasin Figure 15 are saneprone, not only because of the amplitude characteristics but
also because of the calibration with sgamdne intervals invell logs. The well log analysis

would provide the values for sand thickness and porosity.

3.1.2.2. RMS Amplitude

Another batch of horizon stacks was created, displaying RMS Amplitude in 600
slices within the tops of UM and LM. In geology, RMS amplitude is a measure of the
strength of sismic waves that are recorded by geophones or seismometers. It stands for
"root mean square" amplitude and is calculated as the square root of the average of the
squared values of the amplitude of the seismic wave over a specified time window. It can
be expressed numerically 4Eliis, 2021)

F
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RMS amplitude is an importanagameter for seismic data analysis as it can provide
information about the subsurface geological structure and the properties of the rock layers
through which the seismic waves have traveled. The amplitude of the seismic wave is
influenced by the densitygelocity, and thickness of the different layers of rocks, and by
the presence of faults, fractures, fluids in the pore space and other geological features that
can reflect or absorb the seismic waves. In particular, the analysis of RMS amplitude can

help geologists to identify potential hydrocarbon reservoirs, as the presence of porous and
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permeable rocks filled with oil or gas can cause a significant increase in the amplitude of
the seismic signal.

In our case, the sample size in one window (n) is 7. Mkihod is favorable when
distinguishing the high amplitudes and low amplitudes, where high amplitude indicates a
significant change in relative rock impedance and low amplitude indicates less changes.
RMS stratal slices correspond to the Sum Negative Augai slices showing the
approximate sangdrone areaslhe stratal slices are mostly grey in the northern part of the
seismic survey, including Middle and Upper Miocene, where RMS Amplitude is less than
1. The highamplitude bright spots tend to appearha tentral to southern Chandeleur
Sound(Figure 16). Bright sandprone areasvere spotted right below the top of MM
horizon which could be sand cumulation on togleé mass transport complex.

After making slices from RMS Amplitude attributsix bright reflections were
picked and seems to be continuous reservbirehigh-amplitude areas (RMS Amplitude

value > 1.5) were painted over and extracted asbgeees(Figurel?).
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Figurel6. RMS Amplitude stratal slices within Upper Mioceiep left to bottom right:
Lower UM to Upper UM Bright areas indicate saiulone reservoirData
ownedand controlled by SHhc, Interpetation by University of Texas at
Austin.
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Figurel?. Extracted gedodies based on high amplitude ar&esta owredand
controlled by SEInc, Interpretation by University of Texas at Austin.

3.1.2.3. Spectral Decomposition

Spectral Decomposition in reservoir characterization was first illustrated by
Partyka et al. in 1999. Unlike the other two methods, it allows users to analyze the stratal
slices based on frequency. It is a powerful way to determine the geomorphologwtala str
slice in terms of bed thicknedsis also good for identifying channel systeraughlin et
al. (2002) applied this method for illustrating the heterogeneity in the channels and the
overbankgFigure18) and found that the thinner bed was tuned in higher frequency and
the thicker bed was highlighted under low frequency. Hossain (2020) used 20 Hz and
successfully mapped out the sands and-filledi channels in the Moragot field of Pattani

Basin, Gulf of Thailand
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Figurel8. lllustration of spectral decomposition (Laughlin et al., 2002)

Before decomposing, frequency domain analysis was done using the Frequency
Spectum chart in Decision Space software. Two intervals of interest were selected within
Middle-Upper Miocene. The frequency distributions are different in MM and Bijufe
19) that MM appears to be more high amplittateminated while UMs relatively higher
amplitudedominated. Despite the difference in amplitude, it has appeared that the lower

frequencies (< 30 Hz) can show both very high and very low amplitudes.

€ Frequency Spectrum Plot - N25, TIME
File Tools
Ampitude: ©RaH O 0B down fiom mas |

lection 1 Z[1319,1521] - ILAXL:2558/3378,2558/409 o AR A | | | |
/ \ = V \v/ election 1 Z[1791,2030] - ILXL 25561333

€ Frequency Spectrum Plot - N25, TIME
File Tools
Amplitude: @ Raw O dB down from max

N

~

v/MEmERN
Sl L

50 60 70 80 90 100 110 120 0 10 20 30 40 50 60 70 80 90 100 110 120
Frequency (H2) Frequency (H2)

45



Figurel9a; 19 b. Frequency spectrum plots Opper (left) and Middle Miocene (right)
Data owredand controlled by SBhc, Interpretation by University of Texas
at Austin.
Figure20gives a perfect comparison of different frequencies (15 Hz and 40 Hz) on
the same stratal slice. With 15 Hz we can identify the sand body located to the south, which

was also identified by Sum Negative Amplitude and RMS Amplitude maps, while with 40

Hz wecannot identify such sand body.

Figure20a;20b. Comparison of 15 Hz and 40 Hz in frequency on one stratal Blate.
ownedand controlled by SHhc, Interpretation by University of Texas at
Austin.

The seismic volumeas cecomposedhto 25, 45, and 65HZA blending view was
created by overlaying three frequencies togethiee. biggest finding fronthis approach
is that above the Top ofgper Miocenehorizon, a massive saffiled channel system

shows up under the 25 Hz frgency view Figure21). The lobate feature could be delta
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front. This channelsystem $ not seen within UM and MMpossiblydue to channel
shifting, but itis an example that shows tllagé overallchanneFluvial system was flowing

NW to SE into Chandeleur Souriduring Late Miocene]ennessee Riventered the Gulf

of Mexico Basin from Cumberland Plateau and Appalachian terrains with large volumes
of sandrich sediment (Galloway et ak011). The channel systefound from the stratal

slice Figure2l) is likely to be one of the paleo Tennessee RargeedistributariesFluvial
systems are favorable f@O; storage (Sun et.a2023), hencea geebody wasextracted,

and the delta front feature was included in the reservoir candidates.
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Figure21. Massive channel system from stratal slices near top qfflilightedusing
spectral decomposition attribut@ata owredand controlled by SHhc,
Interpretation by University of Texas at Austin.

The areas of interest have been defined after stratal siMdiiciglle-to-outer shelf
within the Chandeleur Sound seismic surweguld be the main areas fdurther
investigationand CO, capacity estimationddeal highamplitude sand bodies have been
found mostly in the Upper Miocen@)cluding the channekystemof Figure 21. They

would bethe intervas of interestfor storage capacity calculatioriSigure22).
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Figure22. Seismic cross section showirdgal storage intervatiefined after stratal
slicing (ight green)on seismic cross sectioData owmedand controlled by
SElInc, Interpretation by University of Texas at Austin.

3.2.WELL ANALYSIS

Publicly available digital well log data was used for analysis. 120 out dftbe
wells drilled in Chandeleur Sound have digital well logs. 48 wells have Gamma Ray log
curves, and 22 wells have sonic led-igure23 shows the distribution of the wells within
the seismic survey, where the wells in yellow inddoatlls withbiostratigrapic markers.
Wells are more concentrated in the middle and the southern part of the survey. There are
only 6 usable wells with well logs on therthernshelfand only a fewof them penetrated
the Upper Miocene and reached theltle Miocene. It is expected that this data would be
only used for limited wellog correlation in thé&JpperMiocene and to calculate porosity

and permeability for the Upper Miocene section.
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Figure23. Well distribution withinChandeleur Sound seismic sur{&illips, 2022)
Noted that the wells in yellow indicate wells wiifostratigraphic markers.

3.2.1. Well Correlation and Geological Interpretations

Sixteen wells with Gamma Ray log (GR) were used for stratigraphic correlation

(well pick interpretation). To tie the wells with the seismic surfaces, | used Sdepta
tables (TDs) which were applied on 11 wells, in order to display the wells in defitk on
time seismic volume. The TDs were computed by previous researchers in-BEG.C
(Dunlap, 2022, unpublished data; DeAngeld,, unpublished data). A new seismic depth
volume, computed #mouse by Dr. S. Bhattacharya, was also y&thttacharya, 2022
unpublished dataput the accuracy of the depth model remains uncldae to the
insufficiency of velocity data. However, by utilizing batime-depth tables and depth
seismic volumethe relative well picks can be matched with the seismic reflectidhe a

reservoirscale. The light blue and dark green pickFagure24 define the storage interval
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within the Upper Miocene. The correlation technique is correlating the maximum flooding
surfaces (MFS), where the GR point to the ritgitg most. Fig. 20 shows thveell log
correlation of a linear well distribution from northwest to southeastAX )  Wwigurel e

25 shows northeast to southwest-(B 6 ) .
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A net sand map of Upper Miocene has been generated. The thickness of net sand
from each well has been measured with a Gamma Ray cutoff of 5CG-i§Bte26 shows
the net sand distribution. Because of the lack of well control at the northeast Chandeleur

aGah ﬁbora(.;e.

survey, the area is marked as undefined thus not nder our consider

e

Figure26. Net sand map for Upper Mioceflgatched indicatethe areas without well
control).
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Cross sections with facies interpretations in the Upper Mioceré&(8 a nBdd ) B
were constructetbased on Gamma Ray correlatidrhe interval of interest in Upper
Miocene is thickening downward, tovesrthe basin. One major shale interval is observed
from the first three wellswhich are more proximgFigure27 andFigure28). This shale
might be associated wittin embaymentSevenmajor sandy intervals were definadd
named as S1, S2, S3, S4, S5, S6, and S7, from bottom footagentify the net sands, a
GR value of 50 APivas used athe cutoff for cleansand.S1 contains one continuous
sand bodyaccumulating on top of Chanaelr Canyon and righitelow the Top oMiddle
Miocene pick.This sand body is thinning to the south. The upward coarsening feature
makes S1 easy to be distinguished in most of the welsiiM 6 ¢ o r (Figure24),i o n
which indicatesleltaicprogradationS2 and S3 are also coarsenumyvard sandyeatures
whicharecontinuous throughout the correlatioB4 can be identified with two bulky sand
layers with a thin sHa layer in betweenS5and S6 arenot easily distinguishable. The
interval between S5 and S&an be classified as interbedded sand and mudstone, which
appears to be sandierintheB6 cr oss sect i ordip&nAdd .musd7d iiesr
channel sysm that was identified from Spectral Decomposition. It was identified by the
upwardcoarsening feature above the top of Upper Miocene e thin and small sand
bodies shown in the cross sectiare likely to be onlapping featurese which were
formed by thetransgressiorduring the early Upper Miocene perigdentz and Zeng,
2003, which have been seen on seismic cross secfldrese features are not continuous

throughout theorrelations angvould not be considered as reservoir candidat
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Figure27. Cross sectionfrom AAG wi t h 1 dent i f(Ghale Zhera,mpdrsonal censmaimication).r s
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Figure28. Cross sectionfromBB 6 wi t ied sandyereseénioifs.
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The seven reservoirs that were picked from well correlation match with the high
amplitude areas in seismic as well as thelgedies extracted from stratal slices in terms
of depth. However, some reservoirs have the extend much simatlee seismic than in
the well log correlation. Only one well (1772724780000) is overlapping with all the geo
bodies and is shown fRigure29. The reason for thisight be incorrect well correlation
or reservoir qualitydecreasingNonetheless, it would be more realistic to calculate the
reservoir areas based on stratal slices aneébgdees. The area for seven reservoirs ranges

from 260 to 480 krh

= |
=3 1en

Figure29. Identifying seven reservoirs on seismic cross section and well log {GH).
used:1772724780000.

3.2.2. Porosity Estimation

Nineteen wells with porosity curves (highlighteshere used for porosity
estimation. Wells with Neabn Porosity (NPHI) and Density Porosity (DPHI) can be used

for the effective porosity, using the equation be(@igelow, 1992)
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0D 0'QQROTAQ «iQ T

Where

0 0 "@@ = Neutron Porosity corrected by Shale Volume
« "= Shale Volume

0 "®0= Neutron Porosity in shale, 0.4 was used in this calculation

C:

Ca

"Qi® Average Porosity

Ca

‘(B Effective Porosity
0 "d"@= Porosity i shale, 0.06 was used in this calculation
Two box plots were made showing the distribution of neutron and density porosity

for the seven reservoirgigure30).

1 ® LA L ‘ . LR LN

. » 2 4 = & 70 & 0 2 a0 &0 &
NPHI DPHI

Figure30. Box plots ofNeutron PorosityNPHI) andDensity PorositfDPH]I) for the
seven reservoirs.
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If DPHI is not available, it can be calculated by bulk density (RHOB or Z_DEN)

(Beaumont and Foster, 1999):
00 "0°0;

dw” o
dw " "Qao0Q

Where
" & & Matrix density
" 6= Actud density values read from the log (Bulk Density)
» 0a ®@Ffdwid= Fluid density
To get the porosity of each reservoir def
was created showing the top and bottom depths of the resertoi631n al the 16 wells
used for correlation. Six out of these wells have NPHI and DPHI logs, and 4 wells have
NPHI and bulk density log throughout the UM interval. In a Jupiter Notebook, | imported

the LAS files for the wells that have porosity log curves; them tilem into Pandas data

frames and concatenate them into one data f
with écombinedd so that every well has new c
interval . After t ha tingtervhlsimeadh dell that dhditah thédideRloop t o

reservoir intervals by extracting the depths that are bigger than the reservoir top depth and
smaller than the bottom depth for each interval. Seven data frames that only contain the
reservoir intervalswerecreee d, t hen wer e added inttee a | i st
equations listed abouve calculate the effective porosity for every reservoire results

are listed inFigure31.
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Figure31. Histograms otffective porosity from seven reservoirs.

The effective porosity values for all reservoirs are all above 30%, whsch
unusuallyhigh. The reason for it might be the lack of petrophysical correction on the
calculation(Uroza, personal communicatioMhereis noise in the well log data that cannot
be ignored: cycle skipping, depth matching, borehole washout, fluid salinity, tight spots,
environmental corrections, et(Bhattacharya, personal communicatiom) order to get
the most accurate wireline log val we should take the local geologic condition into
consideration, and detailed petrophysical analysis should be conducted.

The petrophysical analysis was done by Dr. Shuvajit Bhattacharya. He used three
wells: 17730200300000, 17727205210000, and 17/A05W000 and calculated the
effective porosity for all sand bodies of the whole UM intervals of 20% (min), 29% (mean)

and 32% (max), with a standard deviation 1%. With the same three wells, the porosity
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for each reservoir was computefiaple 1). | used the standard deviation of 6% for the

maximum, and minimum effective porosity.

S1 S2 S3 A S5 S6 S7
17730200300000 0.25 0.2 0.23 0.2 0.25 NaN NaN
17727205210000 0.3 0.21 0.23 0.26 0.3 0.3 0.31
17727205050000 0.26 0.27 0.3 0.32 0.33 0.31 0.31
‘Mean 0.27 0.23 0.25 0.26 0.29 0.31 0.31
Min 0.21 0.17 0.19 0.20 0.23 0.25 0.25
Max 0.33 0.29 0.31 0.32 0.35 0.37 0.37

Tablel. Petrophysical analysis on three selected welldlzid effective porosity for
each reservoir unit (Bhattacharya, persamoahmunication).

3.2.3. Permeability Prediction

After obtaining the porosity of the ideal reservoirs, the permeability needs to be
estimated Calibration with porosity and permeabilitpeasured on core would increase
confidenceUnfortunately, there are no conventional cores or sidewall core plugs available
among all the wells within Chandeleur seismic survey for ptrperneability transform
and subsequently permeability estimatiowo methods were used for this analysis:

1. Using the porosity and permeability transform framunpublishegroject on the
GOM shelf within the Middle Miocene interval (Bhattacharya,unpublished
projec). Due to the differences between compaction of the &id MM, the
permeability calculated from this Middle Miocene transform might be lower than
Upper Miocene. The transform used can be expressedEqsation 6
(Bhattacharyaynpublished projegt

0 1@ T I0G [0)

Where
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K = Permeability in mD (milllarcy)

x = Porosity %

The original transform from the GOM shelf projegsing the porosity and
permeability data from Middle Miocene, data points and fitted line are illustrated
in Error! Reference source not found. Thistransformation wasamputed by Dr.

Shuvajit Bhattachagyfrom BEG.

2. Apply the imperial porosity permeability transformation proposed by Holtz
(2002):
O x pm «°® X
Where
K = Permeability in mD (millidarcy)
* = Porosity
Table 2 concludes the permeability estimated from the two transforms above.
Mi ddl e Miocene transform gives smaller wvalu
This could be due to mor@mpaction in MM compared to UMhe permeability values
computed from Offshore Middle Miocene project transformation would be used in future
calculation such as storage capacity estimation, since it uses data from offshore Miocene
in Gulf of Mexico, whichcould have similar properties with the seven reservoirs in this
study. However, this transformation is tailored to Middle Miocene, so the permeability
calculated could be underestimated since most of the reservoirs are within Upper Miocene

in the ChandelauSound area.
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S1 S2 S3 S4 S5 S6 S7

Mean 0.27 0.23 0.25 0.26 0.29 0.31 0.31
Porosity Max 0.33 0.29 0.31 0.32 0.35 0.37 0.37
Min 0.21 0.17 0.19 0.20 0.23 0.25 0.25

Permeability] Mean| 77.01[ 11.32] 36.84 49.48] 216.19| 362.24| 451.92
“GoM MM | Max | 1094.77| 160.97| 523.72| 703.38| 3073.48| 5149.72| 6424.65

(mD) Min 542 080 259 3.48| 1521| 2548 31.79
Mean| 241.42| 44.97| 130.91| 168.01| 535.27| 778.54| 910.16
Max | 1659.37| 429.20| 1008.64| 1234.72| 3198.60| 4370.02| 4980.17
Min 2159| 2.35| 976 1351| 59.41| 94.94| 11527

Permeability
- Holtz (mD)

Table2. Permeability computed from two transformatio®ffshore MM project and
Holtz (2002).

3.3.TRAPPING M ECHANISM AND CONFINING SYSTEM

The trapping mechanisms i60; storagecan be classified as physical trapping,
which includesstructural trappin@ndresidual(capillary)trapping,and chemical trapping,
including solubility trapping and mineral trappinylércer and Cohen, 1990; Trevisan et
al., 2014; Agartan et al., 201&gec et al.2007). SupercriticalCO; is buoyantrelative to
brine;thereforejt migrates upwarthroughaporous and permeable system and stops when
encountering a permeability barri@ennion andBachu, 2008p Structural traps such as
an anticline sucture or sealed fault blodkold a column ofCO; that is also limited in
lateral migration.This type of trap is analogous to a hydrocarbon trap, and a thick column
of mobileCO, can be retained

Residual trapping occurs under the capillary forces withe pores inside the rock.
Vertical movemendf carbon dioxidés causedbecaussupercriticalCO, haslowerdensity
than brineHowever, this vertical migration is limitdaecause somiaction ofthe non

wetting phase fluid@Oy) is trapped inside the pordxy the capillary forcéAjayi et al.,
2019; Hameli et al., 2032
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Dissolutiontrappingof CO, happens whe O, encounters undersaturateater
anddissolvedCO, andbicarbonateons (HCO?J) are producedThe amount oélissolution
depend on salinity, temperature, arftbw properties(Chang et al., 1981; Ajayi et al.,
2019., Hameli et al., 2022Mineral trapping occurs whettissolvedCO, speciedn the
solutionreact with cations in the fluid so that carbdegaring minerals are pripitated

TheUpper Miocenavithin Chandeleur Seismic Survey is gently dipping seuth
a dip anglef muchless than 1 degre€here are no structural traps visible from the seismic
volume.A few fault blocks to the south and northwest cdlien traps that couldetain a
small amount 0€0Oy,, butthere has been no study on the offset and sealing capacity of the
faults. The general lithology appears to be interbedded sandstone and shale throughout the
UM. In this case, the main trapping mecisamfor storingCO, in Chandeleur Sound would
be residual/capillary trapping.

Trapping efficiency can be partially obtained from the hydrocarbon production data
(IHS Markit, n.d.) The perforation top and bottom defined the interval where gas was
found andproduced from the welFigure32 combines the total gas production for each
productive well, the perforation interval and thicknetse perforation top starts from
around 4,000 feet in depth at the northern Chandeleur Sound seiswvey andyetting
deeper while going dowdip. The perforation interval is the thickest at centoalvest
Chandeleur Sound, which correspond to the net sand Figyor€26). However, many of
these intervals do not fall within the interval of study in this research, especially of the

wells located in southern Chandeleur Sound.
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Figure32. Gas production, depth of the perforation top (ft) and thickness of perforation
interval (ft). Data retrieved from IHS Markit (n.d.).

Thirteen wells with gas production have Gamma Ray log curves. Ten ofitbream
plotted for productive wells along with the perforatiatervals Figure 33), three wells
were deviated from log curves and were not us®dell 17730200320000,
17727205140000, 17730200230000, 17730200340000 have perforation windows located
on the sand bodies (GR API < 50) aovkrlaid by a shaly layer (GR API > 75). This
indicate that the shaly layers are able to contain the hydrocarbon proficiéoiever
only threewells (17730200230000, 17730200340000, 17727204780000) have perforation
intervals within the interval of interest in this study. The rest of the well were drilled mainly

into Middle Miocene.
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Figure33. Pefforation intervals of productive wells with Gamma Ray well logs. Red
interval indicates perforation window. Dash line indicates GR cutoff where
GR <50 is clean sand.

To prevent the vertical migration &fO,, a composite confining system has been
proposedy Bump et al. (2023), which describes a mb#irier system with discontinuous
baffles. The study found that 5 to 15 mudstone barriers per #ng@&r section, with
average length more than 1km, could retain an industrial scale of carbon dioxide within a
few 10s of meters of vertical section (Bump et al., 2023). This study included physical
modeling, reservoir scale numerical modeling for a deltaic system in Miocene, South
Louisiana, which is similar to Chandeleur Sound in terms of depositional environmen
With the theory of composite confining syste@(, storagein Chandeleur Sound could
be secure even without conventional traps. From cross sectidh @ a nRBIGFiBure
27, Figure 28) we can conclude that all reservoir urhisvesufficientbarriers which can

form a compled composite confining system.
3.4.STORAGE CAPACITY ESTIMATION

The final step of the geological section is to calculateC@estorage capacity for

Chandeleur Sound. There are different ways to estimate the capactitgually classified
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as static ath dynamic. Ruiz (2019) explored static methodologies: DOETL function
(Goodman et al., 2011,0-SCREEN CO, Storage Prospective Resource Estimation
Excel Analysis), and direct natural gas productiol€@ mass converting, as well as a
dynamic EASITol methodology and calculated a 123 Mt capacity for a 200 ft thick
sand in offshore Texas.

In this section, | used one static and one dynamic methodology and estimated the

storage capacity for seven reservoirs definegeiction3.2.1.

3.4.1. StaticVolumetric Measurement

The first method is thstaticvolumetricmeasurementvhich it is the conventional
way to calculate how mudBO; can be stored within an intervgiven the reservoir area,
reservoir thickness, effective porosity, water saturatio®, density, fluid formation
volume factor and storage efficiency factdhe U.S. DOE NETLmethodology was
summarizedy Goodmaret al (2011). The equation for volumetric calculatiimn saline

aquiferis expressed dsq. 8.; total porosity was calculated using Eq.9 (Hartman, 1999).

00 ¢ Q0 00 Qe0 £"0Ck QO we Q0 €"0CE Q0O g

~. »~ 000000 00
301 O c w

Where:
A = Reservoirarea(m?)

hnet= Net sandstone thickne@g)
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Vhet= Total volume =A¢* hnet (M°)

Uiot = Total porosity

} = COz density(kg/nr)

Enet= Net storage efficiency factor in a saline aquivehnich is a product of several

efficiency factordGoodman et al., 2011)

O O © O 00 p T
Where:
O = netto-total area
O = netto-gross thickness
O = effectiveto total porosity

'O = volumetric displacement efficiency

'O = microscopic displacement efficiency

Wallace et al(2014)have usedhis equationand Enet Of 4.5%calculated a static
storage capacity of 172 @&ir aMiocenesaline aquifer located diexas coast of the north
Gulf of Mexico(Wallace et al., 2014).

According to Goodman et al. (2011), the storage efficiency fadis for dastic
saline formation in terms dll the factors listed in Equation EH0e 0.51%- 5.4% (2%)
(P101 P90 (P50)).  us2.0% as for the static capacity calculation for the seven reservoirs
in Chandeleur Sound.

Goodman et al. (2011) alsmmmarizedhe @pacity estimation for oil and gas
reservoirs:

O 0Qe p Y 07 (O PP
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Where

A, hn are areas and net thickness, same as ones 81 Eq.

» = effective porosity

"Y =average initial water saturation withinand’:hx

B = fluid formation volume factor

” = standard density @20,

0O ; =COstorage efficiency factor, the volume@®; stored in and oil or gas
reservoir per unit volume of original oil or gas in place

Sincethe seven reservoirs in Upper Miocene cover multiple wells and the gas

production in every well varies significantly, tledficiency factor in terms of oil/gas

(Eoivgas) is hard to acquirdequationll is not suitable for capacity estimation in this study.

The parameters and results for static storage capacity using EqB8atdh storage

efficiency factor of 2% are shown ifiable 3. The total capacity calculated from DOE

method is 627.86 million metric tons.

Name Density | Total Thickness | Area (knf) | Estimated
(kg/m®) | Porosity | (m) Capacity (Mt)

S1 703 33.46% 42.16 278.59 55.26

S2 700 33.28% 53.34 283.51 70.46

S3 696 34.87% 49.02 301.02 71.63

S4 691 34.37% 64.01 261.81 79.60

S5 685 34.68% 61.72 477.52 152.15

S6 681 35.39% 47.55 450.55 103.26

S7 673 36.54% 47.85 405.78 95.50

Table3. Static capacity estimation parameters and regsitgy DOE method (Goodman

et al., 2011)
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3.4.2. Dynamic Capacity Estimation with EASiTool

GCCC has developed its own tobl Enhanced Analytical Simulation Tool
(EASITool) for dynamic storage capacity estimatiq®anjdanesh and Hosseini, 2017;
Hosseini etl., 2018) Unlike the procedure for static capacity, EASiTool takes the pressure
into account andalculateghe capacity, well rate, plume extents, as welNBY for the
project given certain input variableShe variables for capacity estimations hdneen
gathered from the previous steps. Due to the high uncertainty of the reservoir parameters,
| perfformedt he O6Sensitivity Anal ysi so, which al |
multiple parameters. Sensitivity analysis allows users to know which paaafiect the
capacity differencethe most Table4 summarize all the variables needed for static and
EASITool calculations. For depth and thickness, | used trimmed mean in Excel and used
15tand 39 quartiles for minimum and maximum valueeclude the outliers. From depth,
temperature (depth in km * 25 +1%8ndhydrostatic pressure (depth in km * 10vi@re
calculated. The temperature changes with the increase of depth are based on the geothermal
gradient(Bachu, 200Y. It was assumed th#te surface temperature at Chandeleur Sound
is 25 Celsius degrees. The lithostatic pressure was calculated by depth * 1 psi/fiswhich
22.6 Mpa/km. The frac pressure is assumed to be 80% of the lithostatic prESisiae,
1960; Du Rochet, 1981 The ijection pressure should always stay lower than the frac
pressure in order to prevent rock from breaking, thus the maximum injection pressure was
calculatedusingdepth (km)*17The areas of reservoirs are 0¢
bodies, based on atitpde extractions (RMS Amplitude slices) and well control.

| I eft the 6Rock Compressibilitwhieh and the
are 4e10- 6e-10 (5e10) 1/Pa (Hosseini, n.dl)use the same values for salinity in all the
reservoirg0.87 2 (1) ) . I set the 6Max Neand&lfor o f I nj e

S7, in order to observe a trend for capacity to the number of injection wells.
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both
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from sensitivity anajsis.According to the tool developers, the boundary condition applies

to the basin. If a basin has closed boundary, EASiTool will assume that the pressure front

and plume would not go beyond the basin. For dpmmdary basin, the change of basin

area dos not change the results in terms of capacity, injection rate and the impact of other

parameters (Hosseini, n.d.).

S1 S2 S3 S4 S5 S6 S7

Mean 0.27 0.23 0.25 0.26 0.29 0.31 0.31
Porosity Max 0.33 0.29 0.31 0.32 0.35 0.37 0.37

Min 0.21 0.17 0.19 0.20 0.23 0.25 0.25

N Mean 77.01 11.32 | 36.84 |4948 |216.19 |362.24 |451.92

Permeability- 7y - 1094.77 | 160.97 | 523.72 | 703.38 | 3073.48 | 5149.72 | 6424.65
GoM MM (mD)

Min 5.42 0.80 2.59 3.48 1521 |25.48 |31.79

Mean 1694.48 | 1574.25 | 1473.84 | 1359.75 | 1242.23 | 1188.36 | 1099.29
Depth (m) Max 1984.25 | 1805.18 | 1693.16 | 1632.20 | 1562.10 | 1392.94 | 1260.35

Min 1379.22 | 1289.30 | 1199.39 | 1069.85 | 995.17 | 931.16 | 835.15

Mean 4216 | 5334 |49.02 |6401 |61.72 |4755 |47.85
Thickness (m) | Max 5791 |60.20 |6058 |8230 |90.30 |79.25 |55.63

Min 30.48 | 4877 |30.48 |4458 |3886 |32.77 |36.58

Mean 5736 | 5436 |51.85 |48.99 |46.06 |44.71 |42.48
;%r;‘perat“re Max 6461 |60.13 |57.33 |55.81 |54.05 |49.82 |4651

Min 49.48 | 4723 |4498 |41.75 [39.88 |3828 |3588

Mean 17.79 | 1653 | 1548 |14.28 |13.04 |12.48 |11.54
Pressure (Mpa)| Max 20.83 | 1895 |17.78 |17.14 |16.40 |14.63 |13.23

Min 1448 | 1354 |1259 |11.23 |1045 |9.78 8.77

- Mean 2881 | 2676 |25.06 |2312 |21.12 |2020 |18.69

Max Injection  Fyr 33.73 30.69 |28.78 |27.75 |2656 |23.68 |21.43
Pressure (Mpa)—;

Min 2345 |21.92 |2039 [1819 |16.92 |[15.83 |14.20
Reservoir Area
(kn) Reservoir Area | 278.59 283.51 | 301.02 |261.81 |477.52 |450.55 | 405.78

Table4. Inputs for EASiTool storage capacity estimation. Porosity, permeability, depth,
thickness, temperature, max injection pressure and salinity have mean,

maximum and minimum values for sensitivity analysis.
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Figure34 shows the inpgtand capacity estimation results for S1 in EASiTobé
tornado diagrams for each reservaire shown in Figure 35. Under operboundary
condition, the tornado diagms look alike: the permeability has the biggest positive impact
on the storage capacity, foll owed by OFrac
thickness. For closebdoundary condition, the frac pressure has the largest posftect
on capacity dr most reservoirs. This suggests that if the rock has higher fracture pressure
(difficult to break) more C@can be injected. Thickness, porosity and permeability also
plays an important part on capacity under closeslundary condi ti on. whi
(initial hydrostatic pressure of the reservoir) has negative impact on storage capacity under
both conditionsAnother observatiofrom Figure34 (and the results fromther reservoirs)
is thateven setting the maximum injector number to 81, dfu@age capacity does not
increase to much after the maximum injection well reach 50 under both boundary
conditions.| set the maximunmjection well to 49 and estimate capaaising the mean
values for each parametéfable 5 summarizes the final results for dynamic storage

capacity estimation.

73



e
’ f % Bureau OF H o 250 15000
GULF COAST CARBON CENTER ﬁ conavic  JACKSON K .
T Gpouocy T ——— e —
P —— w5 200 a4 10000 © 06—
1-RESERVOIR PARAMETERS 3-SIMULATION PARAMETERS 4-NPV ] @ = @,e
< 150 o
Injector Drilling Cost [SMiwell] 20 % F = 5000 @;
A . - 100 o
Input File Name Sensitivity Analysis [Slow) = = !
) Extractor Drilling Cost [SM/well] 1 S / 0
Min _ Max B g 5 ]
Simulation Time [year] a0 I=%
Pressure [MPa] 17.79 | 14.48 | 2083 %]
Injector Operating Cost [SKiwelliyr] | 1000 [} 0 -5000
Temperature [C] 5736 | 49.43 | 6461 Injection Well Radius [m] 0.1 ] SFF . 100 ] SFI . 100
Extractor Operating Gost [SKiwellir] 500 Number of Injection Wells Number of Injection Wells
Thickness [m] 4216 | 3048 | 57T ¢ Min Extraction Pressure [MPa] 72
B Monitoring Cost [SKiyrkmA2] 500 _C_OE I'-Eu:ns E_xt_en_5| f“_ Well Rate (ton/day)
Salinity [mal/kg] 1 0.8 2 Injection Rate [ton/dayiwell] !
20 - 1 20
Porosity [1 027 | 021 | 033 ) Tax Credit [Siton] 84 P_. eeoedd 1 * e
Extraction Rate [m"3/day/well] .. (NN N] ..I I . LI I )
Permesbility [mD] 7701 | 542 |l0ga77 I TERRERREY 15) . P
‘ermeabiln mi i . . | P
Mssx Number of Injectors 8 v E I:: : : ::I . E : : : : :
Rock Compressibility [1/Ps] | Se-10 | 4e-10 | Be-10 Run w10] @oese-cs0@ 1 » 10 . e e
Number of Extractors 0 v ) ; |.........I 1 . “ s n .
Max Injection Fressure [MFPa] 2881 2345 3373 Simulation Time: [secl= {44 1 5 I ITEENNENYN] .I 1 5 . "8 .
Seecccced ! .
Reservoir Area [km*2] 278.59 5-RESULT CONTROLS 1
Density of Porous Media [Kg/m*3] Number of Injection Wells 64 £ o “
Basin Area [km"2] 500 0
Boundary Condition Open Total Stress Ratio (HV) Estimated Max Inj Pressure [MPz]
Permeability
2.RELATIVE PERMEABILITY (Brooks_Corey) Biot Coefficient Total Injected COZ [Mton] FFECTE:'EE:ES
Residual Water Saturstion 05 | 04 | 08 Porosity
Poisson’s ratic Total Extracted Brine [Mm*3] Tempera ture
Residual Gas Saturaticn 01 0.08 012 Rock Cc;(TapD
Coefficient of Thermal Expansion [1/K] Highest Bottomhole Fres. [MFa] Krg0
m 3 2 4 m
Bottom Hole Temperature Drop [K] Lowest Bottomheole Pres. [MPs] Sar
n 3 2 4 Sgrf
Yeoung's Medulus [GPa] Mumber of Failed Wells Salinity
Kra0 1 0.95 1 Pressure
" L L L L L L L
Depth [m]
KegO 03 | 025 | o35 _ 200 400 600 BOO 1000 1200 1400 1600

Capacity

Figure34. Sensitivity analysis for S1 using EASIiTool.

74




Permeability Permeability
Frac Pressure Frac Pressure
Thickness Porosity
Porosily Thickness
Temperalure Reck Comp.
Rock Comp. Kra0
Kral Krgd
Krg0 Temperature
m m
Sar Sar
c Sgc
Sg" Salinity
Salinity n
Pressure Pressure
200 400 600 800 1000 1200 1400 1600 50 100 150 200 250 300 350 400

Frac Pressure Permeability :
Thickness Frac Pressure
Porosity Porosity
Permeability Rock Comp.
Rock Comp. Thickness
Krg0 Krg0
m m
Sar Kra0
Sge Sar
Kra0 Sgc
n Salinity
Salinity n
Temperature Temperalure
Pressure Pressure

30 35 40 45 50 55 60 65 15 20 25 30 35 40 45 50 55

51 Capacity 52 Capacity
Permeability Permeability
Frac Pressure Frac Pressure
Thickness Thickness
Porosity Porosity
Rock Comp. Rock Comp.
Temperature Kra0
Kra0 Temperature
Krg0 KrgD
52; m
Sar
Sge Sge
n n
Salinity Salinity
Pressure Pressure

200 400 600 500 1000 1200 500 1000 1500 2000 2500 3000 3500 400
Frac Pressure A Frac Pressure
Permeability 1 Thickness
Thickness 1 Porosity
Porosity 1 Rock Comp.
Rock Comp. 1 Krg0
Krg0 1 m
S.;" 1 Sar
r 1 Sgc
Sgc 1 Kra0
Kra0 1 n
n 1 Salinity
Salinity 1 Temperature
Temperature | Permeability
Pressure 1 Pressure
3 40 50 60 70 80 30 40 50 60 70 80 90
S4 capacity S5 Capacity

Permeability

Frac Pressure

Thickness

Porosit
Rock Comp.
Kra0

Temperature
Krg0
m
Sar
Sgc
n
Salinity
Pressure
100 200 300 400 500 600 700 800
Frac Pressure
Thickness
Permeability
Porosity
Rock Cormp.
Krg0
m
Sar
Sgc
Kra0
n
Salinity
Temperature
Pressure
20 25 30 35 40 45 50 86 60
S3 Capacity
Permeability Permeability
Frac Pressure Frac Pressure
Thickness Thickness
Porosity Porosity
Temperature Temperalure
Kra0 Kra0
Rock Comp. Rock Comp.
Krg0 Krg0
m m
Sar Sar
Sge Sge
n n
Salinity Salinity
Pressure Pressure
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500
Frac Pressure Frac Pressure
Thickness Thickness
Porosity Porosity
Rock Comp. Rock Comp.
Krg0+ Krgo
m m
Sar Sar
Sgc c
Kra0 K?EO
n n
Salinity Salinity
Permeability Permeability
Temperalure Temperalure
Pressure Pressure 1
20 25 30_35 40 45 50 55 60 65 15 20 25 30 35 40 45 50
56 Capacity S7 Capacity

Figure35. Tornado diagrams for sensitivity analyster each reservoir, top diagram indicates epeundary condition while
bottom diagram indicates closbdundary condition
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CAPACITY (MILLION MEC TQS)

Open Boundary  Closed Boundary
S1 198.60 43.97
S2 62.71 41.14
S3 113.50 41.00
S4 157.00 50.77
S5 463.40 51.53
S6 492.10 40.27
S7 512.40 37.33
TOTAL 1999.71 306.01

Table5. Summary of dynamic storage capadcBASiTool) for seven reservoingnder
open and closed boundary conditions
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3.5 RESULTS AND DISCUSSIONS

Seismicinterpretationand well logs analysis have been done @@, storage
capacity estimation. | have performed stratal slicing and attribute mapping on the seismic
data. Three attributes were used: Sum Negative Amplitude, RMS Amplitude, and Spectral
Decomposition. From the seismic analysis, it is concluded that soldpperMiocene is
the primary interval of interestell correlations along the dip and strike were done. A net
sand map for Upper Miocene was constructed and indicates that central UM has the
thickest sandy intervalyith more than 30 ft of clean sandAn estimation of the geologic
characteristics of Chandeleur Sound concluded that thesewaecontinuous sandunits
that canbe used as storage reservoi&torage capacity estimation was done for each
reservoir using two approachestatic and dynamgj which gave various capacity value
for each reservoir. In this section, | summarized the results from DAETL static
capacity calculation and EASiTool dynamic capacity estimation. The values for each

reservoir with two methods are showrFigure36.
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Storage Capacity Estimation (million metric tons)
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Figure36. Comparing storage capacity from dynamic EASIiTool method (open and
closed boundary) and statiolumetricmethod.

By comparing the results from all scenarios, the dynamic method with- open
boundarycondition gives the highest values for storage capacity while closacdary
condition gives the lowest valudgealistically, the@servoirs are more likely to be closed
boundary. From the stratal slices, the edga e&nd bog could be seen as boungar
because the reservopresence andjuality are decreasing beyond the bright, high
amplitude areasThe heterogeneity within the sand bodies could also act as the
impedment, preventing CO2 plume from extending freéke no boundary existedn
concluson, 306.01 Mt is the most realistic and would be used for economic viability
assessment in Chapter 4.

Howevereven the most conservative assumption could be an overestinTauayn.
are major uncertainties due to lack of d&tast of all,the values oporosity solely come
from three wellsWith the large areas of the reservoirs (260 togfitarekilometer), more
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