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Integrated Approaches to Modeling Integrated Approaches to Modeling 
Late Paleozoic Petroleum Reservoirs Late Paleozoic Petroleum Reservoirs 

in the Greater Midcontinentin the Greater Midcontinent
Who Should Attend: Who Should Attend: 

Geologists and engineers who are characterizing late Paleozoic rGeologists and engineers who are characterizing late Paleozoic reservoirs to eservoirs to 
optimize oil and gas recovery.optimize oil and gas recovery.
Geoscientists exploring for new fields and extensions in the greGeoscientists exploring for new fields and extensions in the greater Midcontinent.ater Midcontinent.

Objectives: Objectives: 
–– Describe oil and gas plays and reservoir characterization in theDescribe oil and gas plays and reservoir characterization in the context of tectonic/structural context of tectonic/structural 

framework, sequence stratigraphy, and lithofacies distribution. framework, sequence stratigraphy, and lithofacies distribution. 
–– Illustrate integrated geomodel development using core descriptioIllustrate integrated geomodel development using core descriptions and analyses, wireline ns and analyses, wireline 

log analysis techniques, well tests, 3D seismic, and production log analysis techniques, well tests, 3D seismic, and production histories. histories. 
–– Effectively integrate recent analogs and surface exposures to deEffectively integrate recent analogs and surface exposures to define and model reservoir fine and model reservoir 

heterogeneity and design appropriate recovery technologies.heterogeneity and design appropriate recovery technologies.
–– Highlight case studies of carbonate, sandstone, and chert reservHighlight case studies of carbonate, sandstone, and chert reservoirs ranging from oirs ranging from 

Mississippian (Lower Carboniferous) through Lower Permian age.Mississippian (Lower Carboniferous) through Lower Permian age.
–– Integrate reservoir characterization in the context of reservoirIntegrate reservoir characterization in the context of reservoir systems and hydrocarbon systems and hydrocarbon 

accumulation accumulation –– rere--exploration and exploitationexploration and exploitation..

–– Provide tools and insights for efficient prospecting and developProvide tools and insights for efficient prospecting and development for ment for 
remaining oil and gas resources.remaining oil and gas resources.
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Integrated Approaches to Modeling Late Integrated Approaches to Modeling Late 
Paleozoic Petroleum Reservoirs in the Paleozoic Petroleum Reservoirs in the 

Greater MidcontinentGreater Midcontinent

Content: Content: 

Regional structural/tectonic framework during the late PaleozoicRegional structural/tectonic framework during the late Paleozoic..
Variations in sequence stratigraphy and reservoir architecture oVariations in sequence stratigraphy and reservoir architecture of late f late 
Paleozoic strata in the Midcontinent. Paleozoic strata in the Midcontinent. 
Common reservoir lithofacies and their Recent analogs.Common reservoir lithofacies and their Recent analogs.
Petrofacies and pore typing approach to quantitative reservoir aPetrofacies and pore typing approach to quantitative reservoir analysis and nalysis and 
modeling petroleum reservoirs, roles of diagenesis.modeling petroleum reservoirs, roles of diagenesis.
Case studies based on integrated geoCase studies based on integrated geo--engineering modeling of engineering modeling of 
Mississippian, Pennsylvanian, and  Permian reservoirs:Mississippian, Pennsylvanian, and  Permian reservoirs:

–– carbonate ooid and grainstone shoals carbonate ooid and grainstone shoals 
–– phylloid algal mounds and related lithofaciesphylloid algal mounds and related lithofacies
–– incised valley and estuarine sandstonesincised valley and estuarine sandstones
–– Low resistivity, often low permeability spiculitic bioclastic buLow resistivity, often low permeability spiculitic bioclastic buildups that comprise ildups that comprise 

shelf and shelf margin environments.shelf and shelf margin environments.

ScheduleSchedule

9:009:00--10:00 10:00 –– 1. Approach to Modeling Late Paleozoic 1. Approach to Modeling Late Paleozoic 
Petroleum Reservoirs.Petroleum Reservoirs.

1010--12 noon 12 noon –– 2. Regional structural and tectonic framework during the late 2. Regional structural and tectonic framework during the late 
Paleozoic and significance to reservoir systems. Paleozoic and significance to reservoir systems. 

–– ~10:30~10:30--11:00 11:00 ---- Break Break ––

NoonNoon--1:00 pm 1:00 pm –– Lunch Lunch 

1:001:00--3:00 pm 3:00 pm ---- 3. Sequence stratigraphy and reservoir architecture of late 3. Sequence stratigraphy and reservoir architecture of late 
Paleozoic strata in the Midcontinent.Paleozoic strata in the Midcontinent.

–– ~3:00~3:00--3:15 3:15 –– Break Break ––

3:003:00--4:30 pm 4:30 pm ---- 4. Reservoir lithofacies and Petrofacies. 4. Reservoir lithofacies and Petrofacies. 
4:304:30--5:00 pm 5:00 pm ––-- 5. Wrap5. Wrap--up & Summaryup & Summary..
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Take Home Points of Short CourseTake Home Points of Short Course

Basement structures and tectonic events affecting them are Basement structures and tectonic events affecting them are 
important in defining location and properties of reservoirs.important in defining location and properties of reservoirs.
ProcessProcess--based field, outcrop, and Recent analogs provide more based field, outcrop, and Recent analogs provide more 
appropriate, accurate interpolation of reservoir properties.appropriate, accurate interpolation of reservoir properties.
Late Paleozoic reservoirs are dominated by depositional fabric Late Paleozoic reservoirs are dominated by depositional fabric 
selective diagenesis. selective diagenesis. 
Establishing petrofacies and pore types is essential to accurateEstablishing petrofacies and pore types is essential to accurate
calculations of water saturations, volumetrics, ROIP, establishicalculations of water saturations, volumetrics, ROIP, establishing ng 
permeability correlations and predicting fluid flow. permeability correlations and predicting fluid flow. 
Infill locations and new pays within oil and gas fields remain Infill locations and new pays within oil and gas fields remain 
significant targets for IOR in mature regions; requires significant targets for IOR in mature regions; requires 
comprehensive, integrated approach.comprehensive, integrated approach.
ReRe--exploration and exploitation of mature producing areas can be exploration and exploitation of mature producing areas can be 
substantially benefited by access to and mining of large data sesubstantially benefited by access to and mining of large data sets ts ––
digital and electronic data digital and electronic data –– logs, production, core/samples and logs, production, core/samples and 
descriptions, descriptions, in an integrated and quantitative manner.in an integrated and quantitative manner.

9:009:00--10:00 10:00 –– 1. Approach to Modeling Late 1. Approach to Modeling Late 
Paleozoic Petroleum Reservoirs.Paleozoic Petroleum Reservoirs.

Overview:Overview:
–– Similarities of Kansas and NorthSimilarities of Kansas and North--Central Central 

Texas petroleum geology and businessTexas petroleum geology and business

–– Similar resources remaining in conventional Similar resources remaining in conventional 
reservoirsreservoirs

–– Perspective and insights from Kansas Perspective and insights from Kansas 
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USGS (1995)
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TXTX--OKOK--KS are Mature Oil and Gas KS are Mature Oil and Gas 
Provinces Provinces 
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Independents Drive Domestic Oil and Gas BusinessIndependents Drive Domestic Oil and Gas Business

Mature fields, conventional oil and gas fields Mature fields, conventional oil and gas fields 
Commodity price significant impact oil and gas production Commodity price significant impact oil and gas production 
Production responds to favorable economics & Production responds to favorable economics & 
technologiestechnologies
New technologies driven by price & opportunityNew technologies driven by price & opportunity
Profit margin on marginal wells has improved (average Profit margin on marginal wells has improved (average 
production of Kansas well ~3 BOPD/well)production of Kansas well ~3 BOPD/well)
The future of domestic oil and gas industry: The future of domestic oil and gas industry: 
–– ReRe--explore and redevelop old fields (explore and redevelop old fields (eliminate current constraintseliminate current constraints))
–– Develop unconventional oil and gas resources Develop unconventional oil and gas resources 
–– Utilize carbon dioxide sequestered from power plants, ethanol Utilize carbon dioxide sequestered from power plants, ethanol 

plants, cement plants, and other industries; Store air/gases forplants, cement plants, and other industries; Store air/gases for wind wind 
generation; participate in generation; participate in linked energy systemslinked energy systems

Production TrendsProduction Trends
Monthly crude oil production
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• Kansas crude oil production is actually increasing (slightly) compared to 
continued decline in U.S. production

• Average well produces ~3 BOPD (100 BPM). 
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KANSAS
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Kansas is a 
mature oil 
and gas 
producing 
province with 
an extensive 
database 
documenting 
geology and 
production.

www.kgs.ku.edu

New Online Interactive Oil and Gas Map
http://maps.kgs.ku.edu/oilgas/index.cfm
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Oil Production in 2007Oil Production in 2007

Price, technology, opportunity
• Deeper Hugoton Embayment
• Pratt Anticline 
• Central Kansas Uplift
• Shallow marginal oil in Eastern Kansas
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Mostly coal bed methaneSubtle chert/carbonate 
Mississippian reservoirs 
resolved with 3D seismic imaging

Hugoton Gas Area

Shallow gas in Niobrara chalk

Cherokee Basin
CBM

Hugoton-
Panoma

Mississippi Chat
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Many fields in core producing areas Many fields in core producing areas –– official official 
reporting by field and leases that comprise fieldsreporting by field and leases that comprise fields

-- muchmuch information in digital forminformation in digital form

Giant gas field

• Mature gas asset

• Enhance gas recovery options

• Reservoir modeling 

forecasting response to 

technology and reducing risk

wells
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Reservoir modeling (Reservoir modeling (PetrelPetrel) to target remaining gas ) to target remaining gas 
resources in Panoma Field (Lower Permian Council resources in Panoma Field (Lower Permian Council 

Grove Group), southwest KansasGrove Group), southwest Kansas

Remaining high 
Pressure/low permeability

http://www.kgs.ku.edu/PRS/publication/2007/OFR07_0
6/KGS_2007-06-9_Chapter09_reservoir-
simulations_small.pdf

Horizontal 
drilling

Dubois et al. (2007)

Gas remains in lower
Permeability zones

Pleasant Prairie Field, Southwestern Kansas Pleasant Prairie Field, Southwestern Kansas 
Hugoton EmbaymentHugoton Embayment

Expectation of customers to provide web services to deliver 
basic information about wells, leases, fields, geologic data
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http://drysdale.kgs.ku.edu/kgs/oilgas/imageviewer/map.cfm

Coal Bed MethaneCoal Bed Methane

KGS Rig on CBM test

~37 BCF in 2007

KGS studies of CBM in Eastern Kansas
http://www.kgs.ku.edu/PRS/publication/2004/AAPG/Coalbed/P3-02.html
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Natural gas infrastructureNatural gas infrastructure

Value of Oil & GasValue of Oil & Gas
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Kansas Well ActivityKansas Well Activity

Long term decline in number and proportion of D&A wells

3000

Top Oil and Gas ProducersTop Oil and Gas Producers
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http://www.rrc.state.tx.us/data/drilling/txdrillingstat.pdf

http://www.rrc.state.tx.us/data/petrofacts/2008/petro1008.pdf
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(Dutton et al., 2005)

Permian Basin cumulative oil production Permian Basin cumulative oil production 
discovered by yeardiscovered by year

Remaining oil reserves in the Permian Basin that will be produced 
through 2015 is estimated at 3.25 billion bbls (Dutton et al., 2005).
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CoCo--generation, Ethanol Production and CO2 Enhanced generation, Ethanol Production and CO2 Enhanced 
Oil Recovery Model for Environmentally and Oil Recovery Model for Environmentally and 
Economically Sound Economically Sound Linked Energy SystemsLinked Energy Systems

Dubois, White, Carr (2002)

Energy storage for Wind Power Energy storage for Wind Power 
GenerationGeneration

http://www.kcc.state.ks.us/energy/wind.htmAs of August 2007
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http://www.seco.cpa.state.tx.us/re_wind-reserve.htm

Compressed Air Storage for Suited Compressed Air Storage for Suited 
for Wind Power Generationfor Wind Power Generation

Interactive map of sources and sinks of CO2

http://www.natcarb.org/



AAPG Southwest Section Short 
Course-Watney

PART 1. INTRODUCTION 18

http://drysdale.kgs.ku.edu/natcarb/med_view/map.cfm?kid=242&theme_kid=3

Lafarge NA Inc.
cement Kiln
(CO2-ECBM)

Johnson County
Landfill
(CO2-ECBM)

Russell Energy Center
& U.S. Energy Partners, LLC. 
ethanol (CO2-EOR)

http://www.natcarb.org/
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https://www.dmr.nd.gov/downloads/USGSBakkenAssessmentProject.pdf

in Billions of Bbls.
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in TCFG

in TCFG
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(USGS, 2003)

(USGS, 2003)
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(USGS, 2003)

Assessment of 
Undiscovered Oil and 
Gas Resources of the 
Permian Basin 
Province

Fact Sheet 2007-3115

(USGS, 2007)

Examples
cited in 
short
Course
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http://www.netl.doe.gov/technologies/oil-gas/Petroleum/projects/EP/ResChar/15509.htm

Permian Basin faults Paleozoic Basins

Barnett-
Paleozoic 
Total 
Petroleum 
System in 
Bend Arch-
Fort Worth 
Basin 
Province

Pollastro et al. (1997)
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(Palastro, 2003)

Events chart for MissEvents chart for Miss--Penn BarnettPenn Barnett--Paleozoic Paleozoic 
Total Petroleum System Total Petroleum System 

Evolving Concepts of Oil and Evolving Concepts of Oil and 
Gas Reservoir CharacterizationGas Reservoir Characterization

Increasingly quantitative, refined, integrated and multidiscipliIncreasingly quantitative, refined, integrated and multidisciplinary, 3D to nary, 3D to 
find subtle accumulations of remaining oil and gas in our maturefind subtle accumulations of remaining oil and gas in our mature areasareas
Increasingly more quantitative information and software to proceIncreasingly more quantitative information and software to process it ss it ––
new Kansas rule enacted to require copies of electronic logs (imnew Kansas rule enacted to require copies of electronic logs (image and age and 
LAS) to be submitted to the state (LAS) to be submitted to the state (industry drivenindustry driven))
Stratigraphic classificationStratigraphic classification

–– Lithology and lithofaciesLithology and lithofacies
–– PetrofaciesPetrofacies
–– Mechanical stratigraphyMechanical stratigraphy
–– Seismic signature/attributesSeismic signature/attributes
–– Genetic units and sequence stratigraphyGenetic units and sequence stratigraphy

Sequence stratigraphy and reservoir continuity and conformanceSequence stratigraphy and reservoir continuity and conformance
Scalable depositional sequences (Possamentier) Scalable depositional sequences (Possamentier) ---- sequence boundaries, sequence boundaries, 
flooding surfaces, and maximum flooding surfaces flooding surfaces, and maximum flooding surfaces 
Key to defining, correlating, and mapping fundamental temporallyKey to defining, correlating, and mapping fundamental temporally distinct distinct 
units and to develop highunits and to develop high--resolution paleogeography.resolution paleogeography.
When have topography in subsurface units (such as along shelf maWhen have topography in subsurface units (such as along shelf margins, rgins, 
depositional topography, or erosional relief), filling and progrdepositional topography, or erosional relief), filling and progradation of adation of 
units is not a simple matter to resolve. units is not a simple matter to resolve. 
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Petroleum Reservoir Petroleum Reservoir 
CharacterizationCharacterization

DefinitionDefinition
–– Reservoir characterizationReservoir characterization is the broad discipline of the is the broad discipline of the 

process of describing and distributing properties of pores and process of describing and distributing properties of pores and 
fluids that comprise a petroleum reservoir, a geomodel, that is fluids that comprise a petroleum reservoir, a geomodel, that is 
used for efficient exploitation of the oil and gas resources. used for efficient exploitation of the oil and gas resources. 

–– Modern reservoir characterization is multidisciplinary.Modern reservoir characterization is multidisciplinary.
–– GeologistsGeologists develop geomodels expressed as maps, cross develop geomodels expressed as maps, cross 

sections, and now increasingly 3D models to capture structure, sections, and now increasingly 3D models to capture structure, 
lithofacies, seismic attributes, statistical properties of reserlithofacies, seismic attributes, statistical properties of reservoir.voir.

–– Engineers/geoscientists Engineers/geoscientists integrate fluid data to refine the integrate fluid data to refine the 
geomodel and possibly build a reservoir simulation.geomodel and possibly build a reservoir simulation.

–– GeophysicistsGeophysicists ascertain interwellascertain interwell--scale reservoir geometries and scale reservoir geometries and 
use seismic to empirically interpolate reservoir properties use seismic to empirically interpolate reservoir properties 
(attribute mapping).(attribute mapping).

Problem or Opportunity
• 12+ orders of scales in reservoir characterization
• Appropriate application of new technologies to suite reservoir complexity
• “Devil is in details”: solution beyond beyond rules of thumb, thickness, and 
structure
• Risk management and rapid, but measured/calculated response to:

* changing economic conditions and opportunities, e.g., gas price
* advent of new technologies

Byrnes, circa 2002
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Geological AnalysisGeological Analysis ---- Geological Geological 
analysis is derived from data obtained analysis is derived from data obtained 
from wells that are drilled to tap oil and from wells that are drilled to tap oil and 
gas. gas. 

Data types Data types ---- sample cuttings, cores, sample cuttings, cores, 
wireline logs, fluid tests and analyses wireline logs, fluid tests and analyses 
acquired during drilling. Well logs, acquired during drilling. Well logs, 
calibrated with rock properties.calibrated with rock properties.

Petroleum Reservoir Petroleum Reservoir 
CharacterizationCharacterization

Reservoir Flow UnitsReservoir Flow Units

Reservoir flow unitsReservoir flow units are the primary elements of the are the primary elements of the 
reservoir that have sufficient pore space (porosity) to reservoir that have sufficient pore space (porosity) to 
store hydrocarbon and ability to transmit hydrocarbon store hydrocarbon and ability to transmit hydrocarbon 
(permeability).(permeability).
Defining flow units and correlating them between wells is Defining flow units and correlating them between wells is 
accomplished using geological, geophysical, and accomplished using geological, geophysical, and 
engineering data, which becomes the essence of a engineering data, which becomes the essence of a 
successful geomodel and an important objective of successful geomodel and an important objective of 
reservoir characterization. reservoir characterization. 
Related Related ““net paynet pay”” is an economic and technical definition is an economic and technical definition 
applied to flow units as applied to flow units as cutcut--offs of key propertiesoffs of key properties, e.g., , e.g., 
defining cutoffs of Vsh, phi, k, BVW, Sw.defining cutoffs of Vsh, phi, k, BVW, Sw.
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Reservoir flow units (continued)Reservoir flow units (continued)

The The measured parameters and rock descriptionsmeasured parameters and rock descriptions are are 
observed in depth profiles in each well; Used to classify observed in depth profiles in each well; Used to classify 
and subdivide the reservoir interval. and subdivide the reservoir interval. 
The The stratigraphic divisionsstratigraphic divisions that delineate discrete episodes that delineate discrete episodes 
of deposition are important in recognizing potential flow of deposition are important in recognizing potential flow 
unitsunits. . 
Lithofacies, pore types, and core analysisLithofacies, pore types, and core analysis further aid in further aid in 
defining and characterizing flow units.defining and characterizing flow units.
Flow units reflect Flow units reflect modification of depositional fabricsmodification of depositional fabrics by by 
diagenetic overprinting and structural deformation.diagenetic overprinting and structural deformation.
Flow unit definition is Flow unit definition is verifiedverified by well test, production, by well test, production, 
volumetrics, material balance, and simulation.volumetrics, material balance, and simulation.
Flow unit definition is refined through timeFlow unit definition is refined through time with need with need 
(cost/benefit).(cost/benefit).

Refining flow units is an iterative processRefining flow units is an iterative process
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WellWell--log and core datalog and core data are fundamental for defining flow are fundamental for defining flow 
units, but well tests and production data and, more units, but well tests and production data and, more 
recently, recently, seismic attributesseismic attributes are included.are included.
Digital log, core, test, and seismic data are ideally used Digital log, core, test, and seismic data are ideally used 
in software to integrate and quantitatively analyze them.in software to integrate and quantitatively analyze them.
LithofaciesLithofacies represent a combination of rock texture, represent a combination of rock texture, 
dominant constituent particles, and pore space.dominant constituent particles, and pore space.
PetrofaciesPetrofacies extends the lithofacies definition to include extends the lithofacies definition to include 
pore type and quantitative attributes/parameters used to pore type and quantitative attributes/parameters used to 
establish uniqueness. establish uniqueness. 
Petrofacies classificationPetrofacies classification aids in systematizing and aids in systematizing and 
classifying flow units and making results more robust.classifying flow units and making results more robust.

Reservoir flow units (continued)Reservoir flow units (continued)
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• Cross plot of porosity vs. 
permeability for the sandstone 
interval in earlier figure. 

• As porosity increases 
permeability generally increases, 
but scatter in this correlation is 
roughly three orders of magnitude.

• Scatter is this example is closely 
related to shale context, i.e., a 
change in lithofacies, as indicated 
here by the magnitude of the 
natural gamma ray (GR). 

• When sample shaliness is 
considered the correlation 
between porosity and permeability 
greatly improves (Bhattacharya et 
al., 2008).

• Petrofacies – using lithofacies to 
classify pore type and physical 
properties, e.g., log response and 
Ø-k.

Petrofacies is a key ingredient to Petrofacies is a key ingredient to 
successful reservoir characterization.successful reservoir characterization.
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Pore types in vuggy carbonatesPore types in vuggy carbonates

Carbonate Reservoir Characterization
By F. Jerry Lucia (1999)

Carbonate Reservoir 
Characterization
By F. Jerry Lucia (1999)

Rock fabrics Rock fabrics 
and and 
permeability in permeability in 
carbonates carbonates 

where k is proportional where k is proportional 
to crystal and grain to crystal and grain 
size, grain sorting, and size, grain sorting, and 
extent that vugs are extent that vugs are 
touchingtouching
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Cumulative frequency plots Cumulative frequency plots 
of c (BVWi)of c (BVWi)
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GeomodelingGeomodeling
Maps are used to depict the structural elevation, thicknesses Maps are used to depict the structural elevation, thicknesses 
and reservoir properties and are the fundamental basis for a and reservoir properties and are the fundamental basis for a 
geomodel.geomodel.
Geomodels are increasingly being refined by continued Geomodels are increasingly being refined by continued 
improvements in well logging tools (formation imaging, NMR) improvements in well logging tools (formation imaging, NMR) 
and 3D seismic.and 3D seismic.
Computer hardware and software are increasingly userComputer hardware and software are increasingly user--
friendly with interoperability to facilitate distributing reservfriendly with interoperability to facilitate distributing reservoir oir 
properties into a 3D volumes.properties into a 3D volumes.
Integration with engineering is facilitated Integration with engineering is facilitated –– material balance, material balance, 
volumetrics, test, and performance used to validate and refine volumetrics, test, and performance used to validate and refine 
the model.the model.
A refined and validated reservoir model is then suited for use A refined and validated reservoir model is then suited for use 
in targeting additional oil and gas recovery.in targeting additional oil and gas recovery.
Geomodels are as good as geological framework and Geomodels are as good as geological framework and 
concepts employed in them. concepts employed in them. 
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KansasKansas’’ version of Geoengineering modeling version of Geoengineering modeling –– webweb--
based tools based tools –– ““doing simple reservoir modeling doing simple reservoir modeling 

versus none at allversus none at all””

KGS Server

apache - jserv

KGS Database & Files

Gemini 
User/Project 

Module

Well Profile 
Module

PfEFFER 
Module

DST Module

Volumetrics 
Module

Cross Section 
Module

Material 
Balance 
Module

Synthetic 
Seismic 
Module

PVT Module

Rock 
Catalog

KHAN
Ks hydrocarbon 

association 
navigator

Fluid 
Catalog

Well Level Analysis 
Applets

Field Level Analysis 
Applets

Rock & Fluid Characteristics 
Tables and Applets

Java Servlets

• 284,772  lines Java code
• 908 files 
• Level 2 compliant code

and documentation


