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2. ACCOMPLI SHMENTS

What was done? What was learned?
Overall,the project is on schedukend within the budget for this quarter. Major

accomplishments include:

1 Several regionahicknesdatasets were compiled to develop a preliminary regional
isolith mapof the Cypress Sandstone.

1 Several additionalegionaldatsetsthat pertain to indications of oil saturation in the
Cypress Sandstoneerealsocompiled When combined with results of regional well log
analysesthe results of the oil saturah distribution can be mappead form thebasisof

the regionalCO,-EOR and strageresource assessment

What are the major goals of the project and what was accomplished under these goals?
The major goals ahe project include identifng and quantifying nonconventional
carbon dioxide (Cg) storage and enhanced oil recovery (EOR) opportunities in the thick
Cypress Sandstone in the lllinois Basin through geologic reservoir characterization, three
dimensionafeocellular modeling, fluidneperties and interaction modeling, and reservoir
simulation. A study of the economics of potential storage and EOR programs in the thick
Cypress will be made with considerations for production of net carbon negative oil. Field
development strategies wile recommended with emphasis on rteam deployment.

Accomplishments towards these goals are listed below by task as outline @RI

Task 1.0 Project Management and Planning (on schedule)

1 Progress on completion of tasks, subtasks, deliverablesyitexiones is tracked using
Microsoft Project to ensure timely completion. Overall, this project is on schedule.

1 Principalinvestigator IPl) Nathan Webb and eBl Scott Frailey, along with Nathan
Grigsby met weekly to discuss project management.

1 There wee regular meetings with the Pl and subtask leaders for active subtasks.
Danel Byers, Damon Garner, and Nathan Webb explored options for making data and
core imagenpublicly available via the internet. Theyeexperimenting wittcore
visualization usinghe existing lllinois Oil and Gas Online Resources (ILOHgp and



data viewer system.

1 Drs. Steve Henderson and George Asquith (Texas Tech Univevsitg)given a
subaward to independently assess and validate the well log analysis techrigges
used in this researc¢developed in Subtask 2.2hdto incorporate lessons learned from
their research of Permian Basin ROZs to enhance the methodology.

Task 2.0 Geology and Reservoir Characterization (on schedule)

Subtask 2 1L iterature Review and Qilfield Selection
1 Subtask concluded on 6/30/2015.

Subtask 2.2Petrophyical Analysis
1 Nathan Grigsby and Scott Frailey continued work on a publication tentatively titled
AMet hodol ogy f oidentilygesidugl oivzenkest An kexargpte framoNoble
Field, Illinois.o
Subtask 2.3Geologic Model Development

1 Geologic model developmehasconclude following the completion of characterization

efforts in Noble, Kenner WégsDale, and Loudon Fields.

1 Nathan Weblzontinuedwork with Dr. Liliana Lefticariu(Southern lllinois University,
Carbondalejo analyze carbonate cements within the Cypress Sandsoisetopic
analyses and petrograptoytest the hypothesis thidte cement fornedat the oitwater
contact(OWC) in Noble FieldThe presence afementghat formed in relatioto fluid
contactcould beanewly recognizedndirectROZ indicatorfor the CypresS&andstone
Becauseatural waterfloodmovethe OWC up over time, multiple cementzones may
be expected in areas where the natural waterflood took @arenecemented zonat
the original OWC and one at thew, higher OW{

o With the assistance of Jared Freiburg, sesgbonateementedCypress samples
were collected andnalyzel via cathodoluminescence petrographiye
petrographyevealed multiple generation$ cementormation(Figurel). This

was important to further understatin relationship between fluid migration and



cement formatiomnd whether the cements can be used as an inBiGect

indicator.

1 Nathan Webb sampledhalogous Penmydranian sandstones in Lawrence Couiaty
resistivity and core flood experimenishese samples will serve as a proxy for the thick
Cypress Sandstone in Loudon Field, which has similar properties but limited core.

Task 3.0 Geocellular and Reservoir Modsj (on schedule)
Subtask 3.lHistorical Production and Injection Data Analysis
1 Subtask concluded 3/31/2016.
Subtask 3.2llinois Basin Crude Oil/BrineCO; Fluid Property Characterization

1 Mingyue Yu continued research on the relationship between fluoEsoéhydrocarbon
fluid inclusions(HCFIs)in thin sections and ogravity. HCFIs may preserve evidence of
secondary oil migration events (in the form of varying oil gravities) related to ROZ
formation.He conducted Raman spectroscopyseneralpetroleumstandardsnd
Cypress oil samplesnd constructed correlation to relate the Raman spectrgravity
for these samplg$igure?2).

1 Scott Fraileyworked with Peter Berger and hourly staffdeviseambient condition core
flow-through experiments to determine the residual saturation in core plugs using
surrogate fluidsThese experiments are essary to determine the theoreticsidualoil
saturations (8r) that may be present in a Cypress ROZ; and provide a means to calibrate
well log techniges of saturation determination.

o Peter Berger evaluated the extenpadviouslyexistingporosity, permeability,
and resistivity dataas well as that analyzed firig projectto select plugs
representinghe range of Cypress Sandstone resepmipertiesacross the basin
for Sor core flood experimentd he typical range in porosity for the ¢tki
Cypress Sandstone 1§ to 25% Cypress core plugs were readily avaligaipom
Noble and Dale fields for the 10 20% rangeAnalogous Pennsylvanian
sandstone samples representative of higher raihgerositiesvere sampled and
will beused as a proxy for theore porou€ypress Sandstone in laboratory

experiments.



o0 Micah Awe and Erich Ceisel, with the assistance of Dmytro Luldmtdi
oversight of Peter Bergetontinuedroubleshootingncompatibilities between
the surrogate fluid and the core flood apparathih resultedn evaluation of
different materials/methods for wrapping core for the tests.

0 Dmytro Lukhtai continued working on the modular core flood appataissd on
the Arduinomicrocontroller The intent is to automate and improve the accuracy

of the flow through experiments.

1 Issues with the g tubeapparatus have delayed completion of the MMP measurement.
Under advisement of Scott Fraildmytro Lukhtaiand Peter Bergatismanked the slim
tube apparais, removed the sand pack, checkedleaks, and began riiing the slim

tubewith sand.

1 Donna Willette conducted a comparison of measured and calculated maturity parameters
based upon vitrinite reflectance (Ro) using New Albangi&eamples from various
wells within the lIllinois Basin (Figur8). Results suggest that maturity calculations and
measurements are highly variable. This precludes a clear pictire trhingof
migration and emplacement of Noble Field oil accumulati®asculated R parameters
suggesthe migrated oil into Noble idelived from the Nw Albany Shalebutwas
generated viaeartpmiddleoi | generation window for sour.
proximity (within 1620 miles) to Noble FieldThe early timing of migran has

implications for secondary migration out of Noble Field during an RiDZing event.
Subtask 3.3Geocellular Modeling of Interwell Reservoir Characteristics

1 NathanGrigsby and Nathan Webb received comments from external reviewBiobert
Ritzi (Wright State University) and resubm
Sandstone for C&Enhanced Oil Recovery and Carbon Storage: Pattdli/eraging
geologic cheacterization to develop a representative geocellular model for Noble Oil
Field, Western Richland County, 11 inoiso
1 Nathan Grigsbyevised thegeocellulamodelof the Cypress at Noble Fieddter it was
determined that the complexity the model was creating convergence errors in

simulation runs. The revised modebiased on ~120 wells with neutrdensity porosity



logsandhas a simplified representation of the geolagy a normal (Gausan)

distribution of porosityndicative of the core and well log data available

Subtask 3.:4Reservoir Modeling

1 Roland Okwen simulated MMP tests to verify the estimated MMP from empirical
equations. The MMP simulation results showed close match between simulated value and

calculated value.

Task 4.0CO; EOR and Storage Development Strategies (on schedule)
Subtask 4.Field Development Strategies

1 Fang Yang, Roland Okwen, Nathan Webb, Nathan Grigsby, and Scott Frailey finished
writing adrafttopical reporon Cypress Sandstone development styesand submitted
it to DOE.

1 Fang Yang created a fixapot pattern model and ran various perforation cases to evaluate
how perforation intervals affect oil recovery. The homogenous pattern model is expected

to provide guidance on field development syas.
Subtask 4. 2CO, EOR and Storage Resource Assessment

1 Damon Garner continued development and ran queriegpiove data quay within the
CypresdatabaseThe databaseas modifiedo improve access to data used for t
projectby staff working on the regional resource assessmi@ntexample, forms were
improved scstaff can search, retrieve, and download specific data types much more
rapidly than before.

1 Nathan WebbScott FraileyChris Korose, and Nathan Grigsbgganthe regional play
analyses of the Cypress R®¥ compilingformation interpretations of around 4,500
wells (provided by Zohreh Askari, Kalin Howgdind Nathan Wehlplus institutional
dai) to develop a new isolith map for the Cypress Formation (Fijure

o Nathan Webb worked with Damon Garnegteery the database for any data
indicating oil saturation within the Cypress Sandstone including core analysis
saturations, formation perforatigrdrill stem tests, etcto begin development of
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regional maps of saturation. Regional well log analysis results should corroborate
and add detail to such a map.

o Nathan Webb worked with Chris Korose to develop an algorithm in GIS to
develop regional isdh, isoporosity, and isosaturation maps from which regional
volumetric analysis can lm®nducted.

1 In order toidentify and characterize ROZs across the lllinois Badathan Grigsby
applied the method of using opanle well logs to identify and characterize ROZamo
additional48 wells around the bas(/igure5). He also analyzetlé wells with neutron
anddensity porosity logs and 4&ells with old elogs at St James Fie(@igure 5)to
investigatea suspecte@ypressROZ

o Nathan Grigsby and Nathan Webb analyadditionalcandidate wells from
around the basin and selec&¥wells with adequate logs to have digitized for
regionaloil saturation determination.

Subtask 4.3Economic Analysis

1 Scott Fraileyfinalized the economic analysis spreadsheets and concluded the economic
analysis based on preliminamsults of the simulated GEEOR scenariadMost
simulated cases had very earlgdkthrough of C®leading to few options to develop the
field. This led to revisions to the Noble geologic model, testing of the MMP, and simple
pattern model to simulate new scenarios that will create data to develop economically

feasible CG-EOR strategis for the Cypress ROZ in the ILB.
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Figurel. Cathodoluminescence imagéa calcite cemented core sample collected from the
calcite cemented zone at the gwoing oilwater contact in Noble Field. Quartz framework
grains are dark colored withultiple generationsf calcite cementrelated to different fluid
migration eventsghown in different shades of orarfgéng the intergranular poresSome

examplecementgenerations are annotated. Hydrocarbon fluid inclusions appear as green spots.
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available inthe University oflllinois MaterialResearch.ah.
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Figure3. Comparison of calculated and measured vitrinite reflectance (Ro) values for various
samples taken from the New AlbaShale across the lllinois Basin. Approximate location of

NobleField highlighted in yellow.
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Figure4. Regional isolith map of the Cypress Formation showing the thickness of the sandstone.
Data points are shown in black and red (red = zero sandstokedbs). Black line represents
extent of the Cypress Formation.
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Figure5. Map showing extent of wells selected for well log analysis to identify ROZs within the
thick Cypress Sandstone at the regional scale. Cypress thickness shown with background color
(warmer is thicker), red de arethe regionalvells being analyzef8 of which were recently

added, per the texthlue dots are wells at Noble and Kenner West Fields, and light green dots

are wells at St James Field.
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What opportunities for trainingnd professional development has the project provided?
Threeundergraduate studsrandonerecentMS graduaténave beernvolvedin research

on the projecturing the quarterUnder advisement of project staff addiversity of lllinois

professors, each student is developing skills in a particular discipline, statiae and

advanced core analysthin section petrographgndstratigraphy and sedimentgip. The

students are learning various techniques for their respective disciplingbegrademeeting and

sharing findings with each other to better understand their roles in the larger framework of the

project and to gain experience in presenting ttesiearch.

A few gpecific examplesncludethe following

f Morrighan O6Connell, an undergraduate stud
learned cathodoluminescence petrographic methods from Jared Freiburg and has been
working with Dr.Lefticariu to learn how to interpret the results.

1 Dmytro Lukhtai, Erich Ceisel, Angela Fiorito, and Mingyue Yu all presented aspects of
their research at the University of lllinois School of Earth, Society, and Environment
annual Research Review on March 2, 2018.

How haw the results been disseminated to communities of interest?

T Nathan Grigsby pr @ssm@gwel leghnabsistaentityreedonaladilt | ed i
zones at Noble and Kenner West Oil Fiel ds,
January 31s018.

1 The project websitéhttp://isgs.illinois.edu/research/ERD/NCO2EYI®sts a project

summary, staff bios, and downloadable reports and presentetidisseminate project
information andihdings to the public and other interested parties
1 Draft manuscriptinclude:
o Giannetta, L.G., ND. Webh SK. Butler, and N.P. GrigsbyUsing clay
microporosity to improve formain evaluation in potentiaksidual oil zones:
Cypress Sandstone, lllindBgasin
o Grigsby, N.P, and S.M Frailey, Methodology for using well logs to identify
residual oil zones: An example from Noble Field, Illinois.
o Grigsby, N.P., and N.D. WebB, method for @veloping theoroductionhistory
of lllinois Basingeologicformations

13


http://isgs.illinois.edu/research/ERD/NCO2EOR

o Grigsby, N.P., and N.D. WebBssessing the Cypress Sandstone fop-CO
Enhanced Oil Recovery and Carbon Storage: PaltdVeraging geologic
characterization to develop a representative geocellular model for Noble Oil
Field, Western Richland County, Hibis

o Howell, K.J.,Sedimentologyf multistory fluvial sandstones of the Mississippian
Cypress Formation, lllinois, USMS Thesis.

o Howell, K.J., N.D. Webb, J.L. Best, and E.W. Prokodkie Sedimentologgf a
Large Caboniferous FinesGrained Riverfacies, Paleohydraulicand
Implicationsfor Reservoir Heterogeneity

0 Webb, N.D., and N.P. Grigsbgssessing the Cypress Sandstone fop-CO
Enhanced Oil Recovery and Carbon Storage: ReRielservoir Characterization
of Noble Oil Field, Western Richland Countifinois.

o Yang, F., R.T. Okwen, N.D. Webb, N.P. Grigsby, and S.M. Fral€};EOR
Development Guidelines for Brown Field Residual Oil Zones in A Fluvial

Sandstone

What do you plan to do during the next reporting period to accomplish the goals?
Task 1.0 Project Management and Planning (on schedule)
1 Progress on completion of tasks, subtasks, deliverables, and milestones will continue to
be tracked using Microsoft Project to ensure timely completion.
1 The Pl ancto-Pls will continue to meet weekly to dissusroject management.
1 Regular meetings with the Pl and subtask leaders will continue for active subtasks.
1 Work will continue to build the database tbecore visualization website.
Task 2.0 Geology and Reservoir Characterization (on schedule)
Subtask 2illiterature Review and Oilfield Selection
1 Subtask concluded on 6/30/2015.
Subtask 2.2Petrophysical Analysis
1 Nathan Grigsby wilcontinueapplication of the method of using opénle well logs to
identify and characterize RO&sross the basito the 39 wells currentlgeingdigitized
andreviewing the results of well log analysisthe Cypress and Carper Sandstones in

the vicinity of St James and Loudon Fields.
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1 Nathan Grigsby and Scott Frailey will continue to work grapertentativelytitled
AMet hodol ogy for wusing well l ogs to identi
Field, ' 1'1 i noi s . delalivelyascessidendt inegdpersivesarderdng b e a
tool to assess ROZ potential using existing well logs.
Subtask 2.:3Geolagic Model Development

1 Research will continue to determine whether one or more generaticahohate

cement formation may be linked to ROZ formation event(s).

Task 3.0 Geocellular and Reservoir Modeling (on schedule)

Subtask 3.1Historical Production ad Injection Data Analysis

1 Subtask concluded on 3/31/2016
Subtask 3.2llinois Basin Crude Oil/BrineCO; Fluid Property Characterization

1 Mingyue Yuwill use he correlatiordeveloped fronAPIG standards and Cypress oil
sampledo assess 30 Cypress Sandstd@#Is in different wells.
1 Peter Bergewill evaluate oil analog fluids to use$ar coreflood experimentsmprove
the methodologyand finalize a standard operating proceduretfeexperiments
o Dmytro Lukhtai will further test the Arduinbase core floodingystem to assure
efficient and quality performanckle will be working with Erich Ceisel.
1 Peter Berger anOmytro Lukhtai plarto finish refilling the slimtubeand complete the

MMP measurements

1 Donna Willette willuse both eomatic and saturate geochemical biomarkers to estimate
maturity and migration andill generate a likely set of migration pathways into the
Noble Field area

Subtask 3.3Geocellular Modeling of Interwell Reservoir Characteristics
1 Nathan Grigsby and Nath&debb willfinalizeR As sessing the Cypress
COx-Enhanced Oil Recovery and Carbon Storage: Pattdi/eraging geologic
characterization to develop a representative geocellular model for Noble Oil Field,
Western Richland County, 11 inoi so.

Suliask 3.4 Reservoir Modeling
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1 Roland Okwen an&ang Yang will finish modeling C&£EOR scenarios d&enner West
andNobleFields, respectivelyincluding various well type, injection pattern, and

perforation intervals.

Task 4.0 CO; EOR and Storage DevelopnieéStrategies (on schedule)

Subtask 4.1Field Development Strategies
1 Fang Yang will run more pattern model cases to evaluate the effect of well type, well
location/placement.
1 Fang YangndRoland Okwerwill re-run history and C®@EOR cases for Nobland
Kenner Weshilfields to honor CQ solubility in brine.
Subtask 4.2CO, EOR and Storage Resource Assessment
1 Nathan WebbScott FraileyChris Korose, and Nathan Grigsby wathntinuethe
regional play analyses of the Cypress R&yZyenerating regional isopaity and
isosaturation maps based on various data tyess ultimate result of this analyssl|
includeestimates of CQEOR and storage potential and economic analysis of
implementing the program.

Subtask 4.3Economic Analysis

1 Scott Fraileywill conclude the final economic analysis once the fieslults of the
simulated C@-EOR scenarioare available
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Project Milestone Log

Task | Calendar | Milestone Title/Description Planned Actual Verification Method Comments
Year Completion | Completion
Date Date
1.0 1 Project Management Plan| 12/31/2014| 12/15/2014 PMP File 100% Complete
1.0 1 Kickoff Meeting 12/31/2014| 12/4/2014 Presentation File 100% Complete
2.0 2 Final selection of oilfields fo 3/31/2015 | 3/20/2015 Agreement between ISGS and 100% Complete
study DOE project manger to proceed
with specific areas of study
2.0 2 Oilfield data synthesis and| 10/31/2015| 10/21/2015| Wells/leases grouped into class¢ 100% Complete
analysis representing relative degree of
productivity
2.0 3 Analogous Lower 4/30/2016 | 4/29/2016 Agreement between ISGS and 100% Complete
Pennsylvanian gtly areas DOE project manager to procee
selected with specific areas of study
2.0, 3 Complete petrophysical | 10/31/2016| 10/322016 | Completion of draft topical repor| 100% Complete
3.0 analysis, geologic and on geology of the thick Cypress
geocellular modeling of the the ILB
thick Cypress
2.0 4 Complete new coring near| 9/30/2017 | 9/21/2017 | Send DOE confirmation that corf 100% Complete
outcrop belt has been obtained and is in ISG
warehouse
4.0 3 Complete guidelinesto | 12/31/20% | 1/31/2018 | Completion of draft topical repor| 100% Complete
develop thin oil zones and on guidelines to develop thin oll
storeCO; in the thick Cypress zones in the thick Cypress
4.0 4 Complete estimates GfO,- 8/30/20B Completion of draft topical repor| 40% Complete
EOR andstorage potential on CQ-EOR, storage, and
and economic analysis of economics of the thick Cypress
implementing program the ILB
All 4 Document project results | 10/31/20B Complete final report In progress
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3. PRODUCTS

What has the project produced?
a. Publications, conference papersand presentations
Presentationand manuscriptisted on pagel3-14.
b. Website(s) or other Internet site(s)

The project website i®catedat http://www.isgs.illinois.edu/research/erd/nco2eor

4 . PARTI CI PANTS & OTHER COLLABORAT
ORGANI ZATI ONS

Nothing to report

5. | MPACT

Nothing to report

6. CHANGES/ PROBLEMS

Changes in approach and reasons for change

There have been no changes in approach on this project.

Actual or anticipated problems or delays and actions or plans to resolve them

There are currently no anticipated problems or delays in the project.

Changes that have a significant impact on expengstu

As no changes have been made or are anticipated, none are expected to impact expenditures.
Significant changes in use or care of human subjects, vertebrate animals, and/or Biohazards
Not applicable

Change of primary performance site location from twaginally proposed

Not applicable
7. Speci al Reporting Requirements

Nothing to report
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