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The KICC BrogmdamDeep, | nterd

The Kansas Interdisciplinary Carbonates Consortium (KICC) is a research and training program
specializing in carbonateediments, rocks and reservoirsThe program is housed in the
Department of Geolyy, EarthEnergy and Environment Ceniar the University of Kansaand
benefits from interactions with the staff of the Tertiary Oil RecovEBrggram (TORP)
Department of Chemical and Petroleum Engimggrand the Kansas Geological Survey (KGS).
The programdés focus is on f unda mwithtinddstry and
relevanceincluding the following:

Sequence stratigraphic controls on facies distribution in carbonates

Carbonate diagenetcontrols on porosity and permeability

Geologic reservoicharacterization, petrophysics and modeling

Geophysical signatures of porosity, fractures, fluids, and facies in carbonates
Carbonateich unconventional eservoirs

Enhanceail recovery/CQ sequesation

Facies distribution and architecture of Holocene carbonates

= =4 -8 -8 _9_-5_-°

Level of support

We request funding at a level of $45,000/year/company for full membership in the cons
and access to all deliverable products. All funds will be usesiuigport of the KICC prograrn
The University of Kansas Center for Research has agreed that no overhead will be char

KICC Membership Value

Carbonate
research at one

. University L
Innovative Interdisciplinary

Members learn from
KICC, other members,
and help guide
research directions

Deliverables

()
=
=

2
=

Engineers/Geo
logists/Geoph
ysicists/Geoch
emists

Already strong
Research focus
areas

Diagenesis

Student KU Department of Tertiary Oil Rec! R A
focus/ Geological Geology 3 Pls, 11 co-Pls, |CPE, 5 co-Pls/10 el ,evfr?;e
Mo Survey (3 co-Pls) 24 students students)

recruiting
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KI CC Projects Address | ndus

The 2A9-20 prospectus consists 62 projects, which are presented individually after the
introduction. Each project description start
which lists specific reservoir oil@and gas plays to which the study might be applied. Some
applications are briefly listed here to highlight the diverse types of reservoir systems and

spectrum of ages that KICC researchers study. Details found in each individual project highlight

the wide range of approaches and disciplines used and integrated to examine these systems.

Subsurface application examples include:

A Permian BasinUnconventionalssuch af\valon, Wolfcamp, Bone Spring, Leonard, Wolfbone

A Low Resistivity Paysuch as STACK aniliddle East reservoir systems

A Mississippian Reservoirsn the USMidcontinentincluding SCOOP and STACK

A Hydrothermal Porosity Alteration including Ghawar Field, North Field, Ladyfern, presalt
Brazil/Angola, Mississippian Lincoln County ColorgdoTengiz, TrentorBlack-River,
Arbuckleg/Ellenberger,Pennsylvanian Permian Basin and Midcontinent, Mississippian Lime in
Kansasand OklahomaShale plays of the Permian Basin, and Bakken/Lower Lodgepole play

A Deepwaterand slope carbonat@sgeneral incluihg Tengiz and Korolev Fields in Kazakhstan, Miocene
in southeast Asia, Avalon, Wolfcamp, Leonard, Bone Spring in Permian Basin, Cretaceous of
Mexico

A Niobrara

A Eagle Ford

A Organic Geochemistry and Porosity in Unconventionalé general

A Carboniferous Midcontinent Reservoirs

A Lacustrine Analogsto presalt Braziandoffshore Angola

A Microbial Reservoirssuch as Brazil, Angola, Smackover, Arbuckle

A HeterozoanCarbonate Analogsto offshore Venezuela and Offshore Vietnam

A Sweet Spots inJnconventionalsbased on diagenetic, sedimentologic and stratigraphic studies

A CretaceousPlays of Mexico

A Jurassic-Cretaceousanaloggo Middle East offshore north Atlantic, offshore west Africeservoirs

A Permian Basin Conventional Reservoirs such as Graybur§an Andres, Canyon, Cisco, Strawn,
Wolfcamp

A Dolomitized Reservoirs such as Smackover, Midcontinent Mississippian, Arbuckle, Grayburg/San
Andres of Permian Basin, Missippian Williston BasinArab

A Unconformity-Related Porosity and Cementation such as San Andres, Tengiz,
Arbuckle/Ellenburger/Tarim, Pennsylvanian/Permian of Permian Basin and Midcontinent,
Mississippian Midcontinent, Shuaiba, Lisburne Group of Alaska

A Isolated Platform Reservoirs such as Tengiz, Matapaya field, Philippines; Luconia primce,
Malaysia Indonesia

A Oolitic Reservoirs such as Cretaceownd Jurassiof Texas, Meico, Middle East, North Africa,
Permian of Texas, New MexicGarboniferous of Midcontinent

A Reefal Reservoirs such asCenozoicreservoirs in Southeast Asia, Iran, Ira¢gnya, offshore west
Africa, and the Gulf of Suez

A Williston Basin Plays such as Bakkehower Lodgepole

A New Seismic Attribute advances

A New Petrophysical advances

A New Geochemical approachs

A Improved EOR techniques

Kansas Interdisciplinary Carbonates Consortium Prospeétdsily 2019 8



Defi 6hanrgact efi shec&l CC

Industry relevance. The faculty and staffdos research
of topics, closely aligned to industrglated interestsFaculty have worked in or closely

with industry for years, and are actively working on challenges facing ind&steyhow

ead project relates to specific industry problems in the following summary.

Diversity and innovative nature. The program is strongly interdisciplinary, including
researchers in modern carbonate sedimentology, seismic imaging, ground penetrating
radar, carbnate petrophysics, predictive carbonate diagenesis, quantitative sequence
stratigraphy, reservoir modeling and fluid flow simulation, reservoir characterization,
geochemistry, paleontologihnologyand geobiology. The program is among the largest
and mat diverse of its type in North America. The stranterdisciplinary approach is
providing novel insight for better fundamental understanding of carbonate sy3thens.
program has grown in recent years to provide an impressively large and diverse group of
students, faculty and researchers.

Collaborative basis. The KU Departmentof Geology Kansas Geological Survey,
Department of Chemical and Petroleum EngineeramglKansas Tertiary Oil Recovery
Program TORP are known for collaboration; thigadition is evident inthe KICC
program Most publications are jointly authored by students and multiple faculty or staff
members with differing expertise. The program employs an interdisciplinary approach in
which multiple faculty, with diverse backgrounds, coamly work together on research
projects and student training. Geochemg¢mphysicistsgngineers, sedimentologisésd
geobiologistsall work together in teams to achieve common goals. Although this is not
unique among carbonates programs, it is &gial part of the KICC culture, and results

in research innovationKICC faculty know, and students learn, the value of teamwork.

Student-centered approach. The consortium is a fertile training ground for a large
number of students heading to indusingh carbonates expertise. Currently, the program
has approximatel30 students completing research directly on or related to carbonates.
Students from KICC come from a solid community of scholars in which industry is

appreciated

World -class facilities Part of being a leader in the field includes developing, utilizing,
and applying advanced technology. The consortium incluelesarchers and students
intimately involved with statef-the-art technology and advanced technology
development The 140,00 ft? Earth Energy and Environment Center is a stéithe-art
facility focused on integration and outreach to industry parthesgumentation includes
terrestrial LIDAR, fluid inclusion lab, raman microspectroscopy, stable isotope lab,
diagenetic simiation lab, microbe lab, TIMS, laser probe high resolut@GR-MS, ICF

MS, ICROES, UTh/He lab, GEMS biomarker labFIB-SEM with CL and BSENMR,

SIP, 3Dvisualization, micreCT, advanced PVTcurrent meters, wave gaug&PR, and

high resolution seismicStandard industry software packages are used for efficient student
training and seamless transfer of results to industry supporters (e.g., Petra and Petraseis,

Kansas Interdisciplinary Carbonates Consortium Prospeétdsily 2019



Petrel,PerGeosDionysus,CMG-GEM, Eclipse, SMIKingdom Suite, Midland Valley
Structural Moeling).

Systematic quantification A unifying theme of the KICC faculty is their focus on
systematically, rigorously, quantitatively addressing controls on depositional process,
sequence stratigraphic and diagenetic aspects of carbondtes.go beyond
Acharacterizationd to rigorous, syst.emati c
A central focus is omuantifying important variablesand feethg them into quantitative

and conceptual predictive modelhe teamuses quantitative depositimal process and
diagenetic data to advance conceptual, forward, inverse, and cellular reservoir models.

Balance between fundamental and appliedlhe approach involvesbalanced emphasis

on both fundamental concepts and practical applications. The funt&sare proven by
funding from agencies such as NSF, and productive students progressing to successful
careers in academia, government, and industry reseBnehpractical applications are
proven byDOE, RPSEA, andndustry funding, a large number oludents going on to
successful industry careers, andbag and continuing history of providing training for
industry through leading short courses, symposia, field trips, and lectures.

Stepwise into the deep ancientAs a program, KICC is able to takest@pwise approach

into understanding ancient reservoirs. Its emphasis on the modern, informs its extensive
research on the Miocene and Pliocene. Further research steps back into most time intervals
of the deep ancient.

Engineers, geologists and geophigsts on the same page Each spring, students
characterize a new relatively mature reservoir system for a company. Teams of geologists,
geophysicists and engineers work as teams to characterize and model a reservoir, designing
a waterflood or some othactivity that is presented to the operator. Research projects show
similar collaborations.

Enhanced oil recovery andCO> sequestration The program has extensive experience
in carbonate systems with several D@ided projects.

Stability and value added KICC is staffed by investigators who are handney funded

by the State of Kansas. The University of Kansas Center for Research has agreed to forego
overhead charges on KICC membership contributions. Thus, membership funds can be
spent directly orenhancing research.

Kansas Interdisciplinary Carbonates Consortium Prospeétdsily 2019 10



KI CC Primary Researchers
Principal Investigators:

1 Evan Franseen Professor and Senior Scientist, carbonate sedimentology, sequence
stratigraphy, reservoir characterization

Gene Rankey Professor, carbonate sedimentology, stratigraphy, seismic attributes
Robert Goldsteiri Distinguished Professor, carbonate stratigyaupliagenesis, fluid
inclusions

il
T

Co-Principal Investigators (Department of Geology):

The Department of Geology educates undergraduate and graduate students in the fundamentals of
theoretical and applied geological sciences so that they will have theddgawnd skills to adapt

as the science and their personal and professional situations change. The Department houses
approximately 100 undergraduate majors and 100 graduate students, and teaches geological
sciences to approximately 4000 students each ytarstudents and its 23 faculty conduct
exemplary basic and applied research in the geological sciences resulting in more than 80 peer
reviewed publications each year. It produces Theatise on Invertebrate Paleontologyd
contributes to the produchoof theJournal of Sedimentary Resear@hdPalaios

1 Jennifer Robertsi Professor(Chairperson) Geobiology of carbonates, dolomitization,
diagenesis, microbial CGequestration
Luis GonzaleZ Professor (on leavegarbonate geochemistry, diagenesalstisotopes
George Tsofliasi Professor, Geophysics, ground penetrating radar, and high resolution
seismic imaging of carbonates
David Fowlei Professor, Geobiology of carbonates, microbiab&€yuestration
Steve Hasioti§ Professor, trace fossils garbonates
Paul Enosi Emeritus Distinguished Professor, carbonate stratigraphy and diagenesis
Alison Olcoti AssociateProfessor, Organic geochemistry of carbonates and oil shales,
microbial carbonates
Craig Marshalli AssociateProfessor, geospectroscapycarbonate systems
Randy Stotleii AssociatéProfessor, geochemistry and hydrogeology of carbonate systems
Chi Zhangi Assistant Professogeophysical monitoring sensitive to physicochemical
properties, geophysical responses of geochemical and biological processes in the
subsurface, rock/fluid interfacial properties, petrophysical models from geophysical
datasets
1 Hassan Eltomi Postactoral FellowArab-D reservoirs; characterization of reservoirs; 3

D geostatistical modeling

= =

= =4 =4 =4

E

Co-Principal Investigators (Tertiary Oil Recovery Program - TORP and Department of

Chemical and Petroleum Engineering)

The Tertiary Oil RecoverfProgramwas ceated to conduct research to explore tertiary methods

to obtain additional oil from reservoirffORFO s pr i mary source of fundin
of Kansas. Funding from the State is supplemented by funding from the U.S. Department of

Energy (DOE) andhdustry. The DOE supplies funding for research contracts, technology
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transfer to assist independent oil and gas operators and field demonstration projects to
demonstrate how technology applications can improve oil and gas production. Industry funding
comes in the form of fellowships and participation in field demonstration projEGIRP

collaborates with oil and gas producers to submit proposals to DOE for field demonstration
projects when requests for proposals (RFPs) are released by the DOE.

1 Shahin Ne@hbani Associate Professotarbonate EOR experimental and theoretical
DRP and rock characterizatiddV T, geamechanics and fracture characterization,
advanced EOR reservoir simulation

1 Masoud Kalantarii Assistant Professonumericalsimulation and advanced data
analytics techniques for conventional and unconventional resources

1 Xiaoli (Laura) Li T Assistant Professo€O, enhanced oil recovery and storage, phase
behavior of solventseservoir fluid systems, mulfihase flow in porous edlia, shale gas
reservoir development, argcaling and antivaxing in oilfields

1 Jyun-Syung Tsau Associate Scientist, GOMiscible Flooding, CQ Sequestration, Near
Miscible Flooding, Phase behavior, &Boam Mobility Control, Fluid Flow in Porous
Media,Numerical Simulation

1 RezaBaratii AssociatéProfessorHydraulic fracturing, unconventional, tight oil and gas,
oilfield nanoparticles, CO® EOR-mobility and conformance control, enhanced water
flooding w/ modified injection brine

Co-Principal Investigators (Kansas Geological Survey):

The Kansas Geological SurvéyGS) conducts geological studies and research on the geology of
Kansas and elséhere It specializes in emphasizing natural resources of economic value, water
guality and quantity, and geologic hazards. The KGS has been providing research and service since
1889, and annually publishes extensively on subjects of economic interesBuiley also
produces computer programs and databases derived from geologic investigations. It has
approximately 100 employees focused on research and service.

1 John Dovetoni EmeritusSenior Scientific Fellow, petrophysics

1 Sahar Mohammadi Assistant S@ntist,carbonate diagenesis, petroleum geology, fault
and fracture control on reservoir properties, Mississippian reservoirs, hydrothermal
systems

1 Franek Hasiuki Associate Scientistnicroporosity, geochemistry, petrophysical
properties, 30printing
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Del i ver abl es

1. An annual meeting of sponsors will be hosted each spring at the University of Kansas. This
meeting will include talks by students and faculty on research progress. Importantly, the meetings
will include ample opportunity fointeraction among sponsors, faculty and students.

Each annual meeting will feature an optional short workshop, short course, or field trip on a
subject of interest to carbonate geologists. Possible themes include:

Grayburg/San Andres field seminar

Sacranento Mountains field seminar

hydrothermal alteration

depositional environments of oolitic grainstones or isolated platforms

build-andfill stratigraphic architecture

field trip on the Pennsylvanian in Kansas

Mississippian workshop and field seminar

Pueto Rico field seminar

carbonate petrophysics

guantification of variablke controlling carbonate depositional systems

the future of predictive studies in carbonate diagenesis

stable isotope applications to carbonates

fluid inclusion applications toarbonates

geobiology applications to firgrained carbonate eii s h al e s 0

GPR& seismic applications to stratigraphic architecture and fracturing in carBonate

A A28 _9_9_9_9_95_9_9_°2_-°_-2_-2-

2. All publications, student theses, and digital versions of talks and papers will be mitatdeava
to participants on the KICC websiteMembers will be alerteds pblicationsare made
available to participants well befopeiblic release irthe literature Digital versions of talks
will be withheld from those who do not participate in the cotmsm. Each year, the sum total
of products will be provided to members on DVD.

3. All participants will be acknowledged as supporters in publications and presentations.

4. Direct access to KICC experts who can serve as consultants to answer spesiiias|dier
individual companies, or otherwise interact with participants. Researchers will sign
confidentiality agreements as necessary.

5. KICC experts will be available gponsordor certain proprietary projects and more extensive
projects of corporat interestwith additional funding Researchers will sign confidentiality
agreements as necessary.

6. KICC will provide more advanced training for corporate participants on a fee basis. Training
courses include a stable of short courses, workshopsiedshdéminars, offered asquested.
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Research Focus and Exampl e

The KICC offers a portfolio of projects bfoadinterest to sponsorg2rojects currently in
progress or planndadclude the projects centered on the following themes:

1 Geophysical signatures of porosity, fractures, fluids, and fétigsrojects)
9 Carbonate diagenetic controls on porosity and permeaiétprojects)

1 Facies distribution andrchitecture of Holocene carbona(8grojects)

9 Stratigraphic controls on facies distribution in carbonéi@grojects)

1 Carbonateich unconventionalsgGeobiology,sedimentologygeochemistry
exploitation of reservoifl3 projects)
Reservoimpetrophystsandreservoirmodeling(19 projects)

Enhanceail recovery/CQ sequestration imlual porosity-dual permeability
systems(12 projects)

= =

In the following sections, each project is listed individuallile status of each project is
listed in theSTATUS line and presents if theoject is seeking fundingf, the project is
complete and available to theCC sponsorsand ifthe project is in progress with results
available to the KICC sponsor&mong the92 projects listed65 alreadyhave received
partial or full funding previously from KICC or from other agencies. KICC sponsors
benefit significantly fromthe value added by multiple funding agencies supporting the
carbonates program at the University of KansA# projectsin this categorywill have
results available to the KICC sponsasor before the 220 annual meetingsee listing
below) The remaining27 projects are presented as proposals to the KICC spofmsors
recommendation for funding from KIC@ otherfunds.

Summary of New Results Available:

Results from previouslgompleted projects (not listed in this prospectus) are dlaita
sponsors on the KICC website or upon request. Significant résartigrojects currently
listedin this prospectuare also available and include the followigprojects:

Stratigraphy/Sedimentology New Results Available
1 Physical Oceanographic Influences on Miocene Carbonate Platforms of Central
Luconia Province, Sarawak $ia, Offshore Malaysia
Birth, Growth, and Demise of Phanerozoic Isolated Carbonate Platforms
Origin and Sedimentology of an Extensive Carbonate Breccia: Jelar Breccia,
Croatia
Shelf Break and Upper Slope Facies, Mitetaceous, Mexico
Origin of Paleosolsi the Lofer Cycles, Alpine Triassic
Sequence Stratigraphy and Reserfmialog Character of the Rellana Platform of
SE Spain: An Analog to SE Asia Miocene Platforms
91 Preliminary Analysis of Carbonatélled, LargeDiameter Structures in the Salt
Wash Membeof the Upper Jurassic Morrison Formation, Southeastern Utah:
Implications for Correlating Significant Surfaces and for Fluid Flow

E

= =4 =
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Ichnological and Lithofacies Trends in the Spatial Variability of the Lower
Permian Cedar Mesa Sandstone, Mexican Hat, Wa#a: Dune and Interdune
Environs to Gypsiferous Sabkha Deposits

Ichnology and Paleopedology in Mixed Carbonate and Siliciclastic Environments:
A Study of the Upper Pennsylvanian (Virgilian) Halgaito Formation, Southcentral
Utah

Sequencétratigraphy and Reservoir Character of Miocene Tropical Heterozoan
Limited Photozoan Outcrop Analog Systems in the Caribbean

Controls on Mississippian (Osagean) Inner Ramp Heterozoan Carbonate &
Biosiliceous Deposits in a Midcontinent Setting

Build-andFill Sequences in Carbona®minated Systems: Towards Predictive
Models for Reservoir Characterization

Diagenesis New Results Available
Radiometric Dating of Carbonate Cements: Evaluating the Drivers of Fluid Flow
and Porosity Evolution in Midcontinent Resoirs
Effects of SeepagReflux Diagenesis on Porosity Modification in Carbonate
Reservoirs
Superhighways for Hydrothermal Fluid Flow in the Midcontinent: Structural and
Stratigraphic Controls on Thermal Structure, Flow Rate, and Reservoir Properties
Quantifying Processes of Diagenetic Alteration in Mixing Zones: Cementation,
Dissolution, and Dolomitization in Special Settings
Modification of Reservoir Porosity by Hydrothermal Fluids: Recognition and
Setting
Experimental Approaches to Primary Lavemperatire Dolomite Formation in
Carbonate and Mixe®8iliciclastic Systems
The Role of Carboxylated Organic Matter in Ldwmperature Dolomite
Precipitation
Salinity Controls on Microbial Cell Wall Character and Impacts on Microbially
Mediated Precipitation of Cbonates

Geophysics New Results Available
Ground Penetrating Radar Higtesolution 3D Imaging of Dual Porosity
Permeability Systems: Imaging Carbonate Lithofacies, Flow Units and Flow
Conduits
Imaging Fluid Flow and Transport in Discrete Fracturesiwg§&round
Penetrating Radar
Seismic Characterization of Carbonate Reservoirs in Kearney Co., West KS:
Patterson & Hartland Fields
PostStack Seismic Attribute Analysis and Impedance Inversion for
Characterization of the Mississippian Reservoir, S@ghtal Kansas
Porosity Prediction and Flow Unit Identification in the Mississippian and
Arbuckle Reservoirs Using Seismic AVO Analysis and-8tack Seismic
Simultaneous Inversion
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1 Seismic Attribute Analysis of the Arbuckle Group from-30 Data at Cutter
Field, Southwest Kansas

1 Seismic Anisotropy Investigation and Fracture Characterization in the
Mississippian and Arbuckle Reservoirs, Se(ntral Kansas

1 Seismic Stratigraphic Architecture and Geomorphology: Cenozoic Isolated
Carbonate Platforms Systems

1 SeismicModeling of Geological Heterogeneity and Expression of Isolated
Platforms

1 3-D Imaging of Facies and Porosity in Microbial Carbonates of the Messinian of
Spain Using GPR

Holocene Carbonates New Results Available
Investigating microbial andeochemical influences on microbialite formation
Sediment Dynamics and Geomorphology of a Southeast Asia Isolated Platform:
Holocene Layand.ayang Atoll, Malaysia, South China Sea
1 Integrated Field and Modeling Analysis of Oceanographic Controls on
Sedimetology of Holocene Ramp Carbonates: Yucatan Shelf, Mexico
1 RedoxSensitive Chemical Elements of Upwelling Ramp Systems: A
Comparative Study of Modern and Ancient Carbonates
1 Comparative Morphometrics of Facies Patterns of Carbonate Isolated Platforms
and Rimmed Shelves: Holocene, Southeast Asia
Controls on Sedimentation and Diagenesis in ModerfSaleAnalogues
Comparative Ichnology of Holocene and Pleistocene Successions: The Role of
Biota in Sediment Reworking

= =4

= =

Reservoir Modeling/Characterization/Petrophysics New Results Available
An Integrated Approach for Clos¢aop Microporosity Characterization
Impact of Diagenesis on Reservoir Properties of Heterozoan Carbonates
Grainy Heterozoan Carbonate Reservoir Models
Effect of Bioturbation on Petrophysical Pespes of Shelf Carbonates: Part 1:
Lateral and Vertical Trends of Preferred Flow Pathways
1 Effect of Bioturbation on Petrophysical Properties of Shelf Carbonates: Part 2:
Geostatistical Modeling of Burrow Connectivity in 3D Framework
1 Effect of Bioturbatioron Petrophysical Properties of Shelf Carbonates: Part 3:
Flow Simulation Modeling of Burrow Connectivity
1 Comparative Ichnology of Pleistocene, Holocene, and Modern Carbonate
Shoreface Deposits: A Predictive Ichnofacies Model and Effect on Rock
Properties
1 Flow Properties of Vuggy Carbonate Strata: Phasé@he Relationship between
Vug Connectivity and Vug Fabric: Geostatistical Simulation to Understand
Effective Flow in Vuggy Carbonate Reservoirs
1 Flow Properties of Vuggy Carbonate Strata: PhaBedsibiity Study on Well
Data and Flow Modeling to Produce Scenarios of Vuggy Porosity Connectivity
and Effective Flow
9 Digital Rock Physics of KICC Carbonate Formations

= =4 -4 9
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Experimental Characterization of the Microporosity under Multiphase Flow
Conditions Using a Miro-CT Scanner

Petrophysics of Oolitic Grainstones and Their Evolution

Integrated Geological and Petrophysical Expression of Oolitic Shoals

The Oread Limestone: A Rosetta Stone for Carbonate Petrophysics and Seismic
Stratigraphy

Unconventional Reservoirs New Results Available
Diagenetic Controls on Distribution and Reservoir Character of Démter
Deposits in the Wolfcamp Plays of the Midland Basin
Diagenetic Controls on Reservoir Character of the Wolfcamp and Bone Spring in
theDelaware Basin, Texas
Depositional Controls on Distribution and Reservoir Character of Désier
Deposits in the Permian Wolfcamp, Bone Spring, and Wolfbone Plays of the
Permian Basin
Application of Raman Spectroscopy to Determine Thermal Maturity iref2ifft
Windows of the Eagle Ford Shale and the Impact of Gas Biiff
Regional Microporosity Distribution in Kansas Cherty Carbonate Reservoirs (e.g.,
Mississippi Lime)
Stratigraphic Controls on Reservoir Character of GR&h Distal Ramp Strata:
Mississippian (Osagean) Sou@entral Kansas
Controls on Character of Chalky LelRermeability Reservoir Analog: Miocene
Agua Amarga Basin
Diagenetic Controls on Porosity Evolution of Mississippian Strata in-Wedwn
and Emerging Plays in Oklahoma and Kansas
Gas Transport in Shale Matrix Coupling Multilayer Adsorption and Pore
Confinement Effect
Ichnology of the Upper Cretaceous Greenhorn and Niobrara Formations of the
Amoco Production Company Rebecca K Bounds #1 Well, Greeley County, KS

EOR, CO: Flooding/Seqiestration New Results Available
Seismic Imaging of CO2 EOR in the Mississippian Reservoir, SOatitiral
Kansas
Development of an Environmentally and Equipment Friendly Alternative for
Matrix-Acidizing and AcidFracturing Applications
An Integrated Workfbw to Characterize Liquid Shale Candidates for
Hydrocarbon Gas Hudif-Puff
CO2 Flooding to Improve QOil Recovery in Carbonate Reservoirs
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Stratigraphic Controls on FaciesDistribution in Carbonates

Carbonate sediments and stratigraphy reflect interactiorongpaleotopography, sea
level change, climate, productivity, and age. The research team concentrates on
characterizing fundamental controls on 3D packages of carbonate strata by isolating
variables in wellconstrained systems. Examples of some curaedt pending projects

include
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Three-Dimensional Heterogeneity in a Complex Ooid Grainstone:
Integrated Stratigraphic and Geophysical Study of the Drum
Limestone, Kansas

George Tsoflias, Evan Franseen, Gene Rankey, students

SUBSURFACE APPLICATION: Oolitic reservoirs (Cretaceous of Texas, Mexico,
Middle East, North Africa; Permian of Texas, New Mexico; Carboniferous of
Midcontinent U.S.A.)

STATUS: Proposed project

TIMING: To be completed in the future if recommended by mestiye

FUNDING: None

Purpose

The Drum FormatioiiPennsylvanian, Missourian) in Kansasludes an oolitic body that

is an analog to many producing hydrocarbon reservoirs. The characteristics of this
limestone unit its extension, geometry, volume and geation between different bodies,

as well as its porosity and permeabilitgre closely related to depositional and diagenetic
factors. The purpose of this project is to integrate detailed outcrop studies with high
resolution geophysical methods (LIDAReflection seismic, groungenetrating radas
GPR)to imageinternal architectures and porosity distribution in three dimensiciy.(3
The factors controlling porosity and permeability in the Drum Limestone may be
applicable to other oolitic reservoirs Kansas, the Midcontinent and other carbonate
reservoir producing provinces

Project Description

The Drum Limestone and associated strata crop out in SE Kansas, neamwthef
Independence in Montgomery County (Figure 1). The Drum Limestone fobelsup to

40 km long and 30 km wide characterized by a high degree of variability in facies and
thicknes. It includes an oolitic body that changes laterally to the northeast (shelfward) to
algal and bryozoamounds(Feldman and Franseen, 199I)he thickness of the Drum
Limestone varies from less than a meter to 24 m. It is wellgped and pinches out in
both shelfward and basinward directions (Figure 2).

Theskeletal oolitic grainstone facies (reservoir analog) is thickest and best exposed in the
Heartland Cement quar(gite of this study; stratigraphic log shown in figure 2) where it

is approximately 15 m thick. It consists of a range of facies from nearly puresavist

oolite to poorly sorted oolitic fossiliferous grainstone and a small atnafupackstone
(Feldman et al., 1993). The main body of the oolite is well exposed in thdomye1.6

km) highwall of the Heartland Cement quarry and consists of thi¢k3 in) tabular, planar

cross beds at the base that grade upwards to thinner congs beds at the top (Feldman

et al., 1993). Current orientations are predominantly to the southwest with a minor mode
to the northeast (Hamblin, 1969). Troughs are separated by shale drapes that grade upward
into isolated troughs surrounded by shale

The Drum Limestone shows a distribution of cement and porosity closely related to
sedimentary facies. The lower part of the oolitic body (oolitic grainstone) is characterized
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by early cementation and recrystalization of marine cements, high oomoldic paaasit

little compaction. The upper part of the oolitic body (skeletal oolitic grainstone) shows a
higher percent of spar and dolomitic cemetgss commormoldic porosity and more
compaction. Subtle subaerial features (@gtobrecciation, circumgrararl cracking, root
traces) are locally recorded in the oolitic body and linke@rtontra-Drum subaerial
exposure surface

This project will integrate stratigraphic studies of the extensively exposed Drum Limestone
at the Heartland Cement quarry with geygibal imaging for higkresolution, 3D imaging

of thisreservoir analoguenit. Prior studie®f the stratigraphic and depositional history of
the Drum Limestone (Feldman and Franseen, 1B8ltiman et al., 1993) provide the basic
geologic framework forhis project. Highresolution geophysical imaging consisting of
LIDAR, seismic and GPR will offer insights about the interfedies and geometry
architecture and porosity distribution.

LIDAR scanning of the 1.6 km long, 15 m tall quarry wall will provigecurate and
guantitative 2D representation of facies thicknesses and internal geometries: High
resolution seismic and GPR will image multiple profiles parallel to the quarry wall which
will be correlated to the LIDAR images and stratigraphy for geney&iD reservoir
analogue volumes of the Drum Limestone. Seismic and radar reflection volumes are
expected to provide suineter scale imaging to a depth range-400m for GPR and-50

m for seismic. Seismic and radar signal attributes (e.g. intervalityetafcpropagation;
interface reflectivity) will be correlated to lithology and porosity of the Drum Limestone
in adjacent outcrops. If funded, cores behind the quarry wall will be taken to ground truth
geophysical data away from the quarry exposuere plugs of all facies will be taken
from the quarry wall and cores for porosity and permeability data.

Deliverables

This project will provide detailed-B reservoirscale models of facies and porosity
distribution of he DrumLimestone,which includes an oolitic body that is an analog to
many producing hydrocarbon reservairghe Midcontinent and worldwide. Deliverables
include integrated sedimentologic, petrographic, LIDAR, seismic and GPR data, as well as
derived reservoir models ireRel.

References

FELDMAN, H.R.,AND FRANSEEN E.K., 1991, Stratigraphy and depositional history of the
Drum Limestone and associated strata (Pennsylvanian) in the Independence, Kansas,
Area - A field trip guidebook and road log: Kans&®ological Survey OpeRile
Report 9145, 29 p.

FELDMAN, H.R.,FRANSEEN E.K., MILLER, R.A., AND ANDERSON N.L., 1993, A model of
Missourian oolitic petroleum reservoirs based on the Drum Limestone in southeastern
Kansas: Kansas Geological Survey Odle Report 9328, 67 p.

GOMEZ-PEREZ |., FELDMAN, H.R.,FRANSEEN E.K, AND, SIMO, A.J., 1997, Evolution and
diagenesis of an oolitic limestone (Drum Formation), Missourian, Kansas, USA:
Kansas Geological Survey Opé€ile Report 9774, 12p.

HAMBLIN, W.K., 1969 Marine paleocurrent directions in limestones of the Kansas City
Group (Upper Pennsylvanian) in eastern Kansas: Kansas Geological Survey Bulletin
194, pt. 2, 25 p.
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Figure 1. Regional map of the Drum Limestone facies (GeR&ez et al., 1997).
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Figure 2. Cross section of the Drum Limestone along the outcrop belt (Feldman and Franseen,

1991).
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Physical Oceanographicl nfluences on MioceneCarbonate Ratforms of
Central Lu conia Province, Sarawak basin, @shore Malaysia

Thomas Neahnd GendRankey

SUBSURFACE APPLICATION: Many ancient isolated carbonate platforms contain
prolific hydrocarbon reservoirs including tdurian of the Michigan and lllinois basins,
Devonian of western Canadian Basin, and the Carboniferous of Tengiz and other platforms
of the former Soviet Union. The Miocene ceadgal reef reservoirs of the Central Luconia
Province can provide insightsnto these ancient reservoirs and especially dtrer
Cenozoidsolated carbonate platform reservafsoutheast Asia.

STATUS: Part of a longeerm project in progress

TIMING: Research startingummer 209

FUNDING: KICC and AAPG

Purpose

Although thegeneral controls on daonate platform stratigraph@rchitecture are well
known (e.g. setevel change, tectonics, sediment supply), the nature and controls on their
spatial variability and geomorphology are less well constrainAd. part of a larger
reearch effort analyzing Malaysiabs Centr al
study takes the next step to examine the details of carbonate buildup architecture, facies,
and controlling processes for a series of illustrative time slices within @gspdic
framework This project tests the hypothesis tbhtnges in geomorphology and facies
(their characteristics and distribution) are related to variable hydrodynamic forces
within and among platforms across the shelf Overall, this study will endéince
understanding of controls on the spatial variability of carbonate platform architecture and
improve facies predictiorsf Central Luconia carbonapdatform reservoirs, and carbonate
platform systems in general.

Project Description

Locatedinthe Sduh Chi na Sea, Mal aysiabds Centr al Luc:
the Sarawak Basin off the northwestern coast of Bofiégure 1A) Many of the
providencebds 250 mapped Miocene carbonate bu
(65 tcf recoverald) and some minor oil reservééa gea al., 2015 During the Tertiary,

the province was an area of extensive tropical shallaer carbonate production and

deposition within a tectonically complex region (Zampetti et al., 2064Qctuating sea

level and tectonicmfluenced the growth and declinéthese Miocene carbonate platforms

(Epting, 1980).Seismic imaging reveals a variety of complex geomorphologies including
aggrading, prograding, retrograding, and coalescing buildups with inteszhbtatform-

marginal carbonate and siliciclastic depsgftampetti et al., 2004; Bracco Gartner et al.

2004;Ko gea al., 2015).

To test the hypothesis and systematically explore the relatiorstmpsgoceanographic

forces, buildup geomorphologgndsedimentologythis project focuses on several specific
objectives
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1 First, map surfaces andeismicfaciesof two carbonate platforms across several
middle Miocene time slices corresponding to distiptform stages using seismic, core,

and well log dataand interpretations from existing and ongoing studies.

1 Second, hild corresponding palebathymetric maps and create numerical
hydrodynamic models to estimate the waves, tides and currents across the shelf for these
time slices. These regional modelalso provide a framework for highegsolution
numerical models for individual platforms.

1 Third, use insights from our field and numerical hydrodynamic modeling study of
Pulau Layang_ayang,anmodern atolanalogjust east of Luconia, tonderstandelations

among location, bathymetry, oceanographic forces and sedimentoldgymparing
predicted oceanography and paleogeogra@gmgd using oceanograpisgdimentology
relations permit generatingredictive facies maps for eaptatform, for severaime slices

or stages of platform growth

1 Fourth, est predictive facies maps against core data and independent predictions
from seismic attributes (developed via separate, independeytiog project). Research

will focus on the shallow platform tops (e.g. reef, reef sand apron and lagoon), as slope and
margin areas have no available core data to test res@iiteough not a focus of this
research, results will provide qualitative estimates on the direction and intensity sediment
transport off the platform tops aiding in the prediction of slope to mdiagies. The type

of slope (accretional, bypass, or erosional) is important characteristic of carbonate
platforms especially with predicting seals for potential reservoirs (Br@ectmer et al.,
2004).

Overall, the results are expected to provide idetmto the catrols of buildup
geomorphology, specifically the role bjydrodynamic forces on the variabilitf facies
character and distribution in carbonate platfarm$hese data and models witovide
general insights to the response of carbop&dorms to changing regional and global
conditionsin the Miocene, and carbonate platform systems in general.

Deliverables

This study explores the relationship between the oceanographic forces, carbonate platform
geomorphologies, and the distributiondacharacter of facies within these Miocene
platforms. Expected results include procdsased predictive models of facies distribution

for various platform stages and how they change, and qualitative insights into relation
between platform geomorpholognd physical oceanographic parameters. Overall, this
study will enhance understanding of the controls on the spatial variability of carbonate
platform architecture and improve facies predictions of Central Luconia and other ancient
platforms. This study spports the collective efforts of the larger project generating data
and insights for conceptual models for heterogeneity in carbonate platform analogs (both
modern and ancient) and examining broader changes and oceanographic controls on
variability, with the goal to provide more accurate information to improve conceptual
depositional models and heterogeneity for other ancient systems

References
BRACCOGARTNER, G. L., SCHLAGER, W., AND ADAMS, E.H.,2004 Seismic expression of
the boundaries of a Miocene 2072 Carbonate Seismic Geomorphology, Central
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Luconia carbonate platform, Sarawak, Malaysi&berli,G. P, Masaferro, J. L.and
Sarg, J. F.eds., Seismic imaging of carbonate reservoirs and sys#merican
Association of Petroleum Geologiskdemoir 81, p. 351365

EPTING, M., 198Q Sedimentology of Miocene carbonate builos, Central Luconia,
offshore Sarawak: Geological Society of lshgdia, Bulletin, v. 12, p. 180

Ko G AE., WARRLICH, G. M. D., LoFTus G., 2015, Wings, mushrooms, and Christmas
trees: The carbonate seismic geomorphology of Central Luconia, Migwesent,
offshore Sarawak, northwest Bornéonerican Association of Petroleum Geologists,
Bulletin, v. 99, p. 2042075

ZAMPETTI, V., SCHLAGER, W., VAN KONIJNENBURG J.H.,EVERTS, A.J.,2004,Architecture
and growth history of a Miocene carbonate platform from 3D seismic reflection data;
Luconia province, offshore Sarawak, Malaysia: Marine and Petroleum Geology, v. 21,
p. 517534.

Figure 1. Location of Central Luconia Province, Sarawak basin, offshore Malaysian Borneo A).
Luconiabs regional top carbonate map with gas
buildups. Green indicates known gas reservoirs and red are kndweservoirs. From Kosa et.

al. (2015).
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Birth, Growth, and Demise of Phanerozoic Isolated Carbonate
Platforms

GeneRankey

SUBSURFACE APPLICATION: Many ancient isolated carbonate platforms contain
prolific hydrocarbon reservoirsncluding Silurian of the Michigan and lllinois basins,
Devonian of western Canadian Basin, and the Carboniferotie ddbrmer Soviet Union,
Miocene coralgaplatformsof the Central Luconi&rovince,andotherCenozoidsolated
carbonate platformsf Southeast Asl.

STATUS: Beginning a longerm project

TIMING: Research startingummer 2Q9

FUNDING: Seeking funding

Purpose

Since the Archean, thousands of isolated carbonate platforms have initiated, expanded,
contracted, and, ultimately, terminated. These features are significant in that their
stratigraphy includes important components of the Phanerozoic record of chasgas in
level, paleoceanography, paleogeography, marine ecology and evolution; many also host
important hydrocarbon reservoirs (e.g., Greenlee and Lehmann, 1993). They commonly
also are markedly heterogeneous.

Although the biota, facies, stacking patteresquence stratigraphy, and diagenesis of
numerous isolated carbonate platforms have been described and interpreted, trends in the
genesis, evolution, and sizes among Phanerozoic examples remain poorly quamnified
every platform unique? If not, but tesd there are themes, then they represent untapped
predictive capacity and understanding (e.g., James, 1983; Wilkinson et al. 1985; Lehrmann
and Goldhammer, 1999). Supplemented by the results of qualitative review of the
literature, this study will anahe - systematically and quantitatively a database of
attributes in initiation, growth, character, and demise of more than 500 Phanerozoic
isolated platforms

Research Objectives and Expected Results
To explore trends in Phanerozoic isolated carbonatéopins, this project includes several
objectives:

Data CollectionT Qualitative Trends Students of isolated carbonate platforms have
described, analyzed, and interpreted the genesis, growth, and termination of numerous
examples from through the geolaoglicecord. Documentation and explicit comparison of

a few welldocumented examples will illustrate some of the variety of these systems (e.g.,
Figure 1) and highlight some firstder trends.

Data Collectioni Quantitative TrendsThis project will reviev mostly published data,

although some unpublished data are available to supplement the analyses. The focus will
be on capturing a range of metrics related to the initiation, growth, architecture, and demise
of isolated carbonate platforms. Metrics inttla b ot h fAprocesseso (pre
tectonism, type of basinal sediment, tectoni
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area, aspect ratio, thickness, vertical relief, stacking patterns, etc.). The database entries
focus on examples with expit description (e.g., nature and cause of platform termination)
and/or specific quantitative data (e.g., area, aspect ratio, syndepositional relief, depositional
gradient, thickness).

Analysis and Synthesidn collecting a large number ekamples, and then parsing the
database systematically, trends or themes should emerge. Specific research questions
range from:

1 What proportion of isolated platforms are influenced by syndepositional tectonics?
How are these controls reflected in platfosize, aspect ratio, or other metrics?

1 Are thicknesses and sizes of platforms consistent among geological eras? Are
platforms of a Miocene age (for example) larger or smaller than platforms of other
geological systems? Why, or why not?

1 Are patterns of gometric evolution consistent through the Phanerozoic? Why, or
why not?

1 What factors influence platform termination? How do these controls change
through time, related (for example) to icehcgseenhouse global climate or
geological age (e.g., biota)?

Both qualitative description and summary and quantitative analysis collectively will reveal
the diverse origins, growth patterns, and termination of Phanerozoic isolated platforms.
Although each platform is unique in many aspects, | expect the commatsoaveal
throughgoing trends and themes, patterns that represent predictive elements for enhanced
understanding of heterogeneity in these iconic carbonate systems.
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Figure 1. Comparlson of architecture and scale of illustrative Miocene and Devonian buildups.
Note the spectrum in sizes of platforms. Yet, they include numerous common themes in evolution.
A-C) Seismic lines, AJintan, Central Luconia, modified from Ting et al. (2011) [line is in depth,

time is estimated using 3,750 m/s average velocity];/ BCe nt r a l L, udbdasafairceet Fi el d
al. (2004); Ci Bigoray C Field (Devonian), Rankey and Migdih(2003).
D-F) Sketches of seismic lines, plotted at same scale as Jintan (part Al ©e nt r al Luconi ¢

Field6 Masaf ar r o ieField BX{,Rankét2ylo(20L9)Ploted are Platform Stage 1

(medium blue) and Platform Stage 2 (light biue) Bigoray C Field, Rankey and Mitchell (2003).

G-K) Map-view outlines of buildups, all plotted on the same scaleiGC e nt r a | Luconia Fi
Masafarro et al. (2004); H Field EX,Rankey et al., (2019) i Bigoray C Field, Rankey and

Mitchell (2003. J Jintan, Ting et al. (2011); K Innisfail, Atchely et al. (2006)From Rankey et

al. (2019).
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