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ABSTRACT 

 
For the past four years, the Midwest Geological Sequestration Consortium (MGSC) has 
built on the Phase I assessment of the Illinois Basin’s suitability for geological carbon 
dioxide (CO2) sequestration by carrying out pilot projects, including injection of CO2 into 
geologic formations. In Phase II, coal beds, mature oil reservoirs, deep saline reservoirs, 
and, to a lesser extent, organic-rich shales were evaluated as sinks for CO2 storage.  
 
Based on these evaluations, MGSC selected one sequestration/enhanced coalbed methane 
(S/ECBM) pilot site and three sequestration/enhanced oil recovery (S/EOR) pilot project 
sites from a portfolio of over 30 operator-nominated sites to test CO2 injection into coals 
and mature oil reservoirs.  In addition to testing the sequestration potential of each sink 
type, the S/EOR pilots also tested and quantified oil production increases due to CO2 

injection. Careful assessment of each test site was made prior to selection, and environ-
mental monitoring was conducted before, during, and after each injection period.  The 
four pilot projects were:  
     Loudon: Sequestration/Enhanced Oil Recovery I, Fayette County, Illinois 
     Tanquary: Sequestration/Enhanced Coalbed Methane, Wabash County, Illinois 
     Mumford Hills: Sequestration/Enhanced Oil Recovery II, Posey County, Indiana 
     Sugar Creek: Sequestration/Enhanced Oil Recovery III, Hopkins County, Kentucky 
 
All projects had similar monitoring, validation, and accounting (MVA) procedures. To 
determine if injected CO2 remained in targeted reservoirs, the MVA program consisted 
of: 1) monitoring ambient air quality at the site to ensure worker safety; 2) monitoring 
CO2 injection composition, volumes, and rates; 3) monitoring shallow groundwater 
quality; 4) measuring produced oil, gas, and water; and 5) monitoring surface and 
subsurface injection pressure and temperature. 
 
At the ICCI project end date, active CO2 injection continues at Mumford Hills and Sugar 
Creek and is performing as expected.  In general, pilot project objectives, to inject CO2 
and quantify incremental oil and CO2 production, were met.  Injection equipment and 
implementation plan were tested and revised as necessary.  Monitoring, validation, and 
accounting techniques were also revised for subsequent CO2 injection pilots. Importantly, 
all results were negative with regards to indications of CO2 outside the injection zone.   



EXECUTIVE SUMMARY 
 

Over the past four years, members of the Midwest Geological Sequestration Consortium 
(MGSC) have built on their Phase I assessment of the Illinois Basin for geological carbon 
dioxide (CO2) sequestration by carrying out actual CO2 injection.  In Phase II, MGSC 
evaluated coal beds, mature oil reservoirs, deep saline reservoirs, and, to a lesser extent, 
organic-rich shales as sinks for CO2 storage.  A sequestration/enhanced coalbed methane 
(S/ECBM) site and three sequestration/enhanced oil recovery (S/EOR) pilot project sites 
were selected from a portfolio of over 30 operator-nominated sites to test CO2 injection 
into coals, and miscible and immiscible flooding of mature oil reservoirs.  Careful 
assessment of each test site was made in advance of final selection, and environmental 
monitoring was conducted before, during, and after each test.   
 
Site Selection 
A major challenge for each pilot project was the site selection process.  Primary issues 
were negotiations with operators, surface access to the site, sensitive surface attributes at 
the site, the projected pilot CO2 requirement, and each well’s history.  Operator issues 
included multiple operators reconsidering their interest in pursuing a CO2 injection pilot, 
permitting requirements for CO2 injection, and budgets. Surface access to sites and wells 
by CO2 transport trucks, well workover units, drilling rigs, and MGSC staff posed a 
significant challenge. Sensitive sites, such as those in proximity to farm houses, ponds, 
and streams were excluded.  The history of wells within selected patterns were excluded 
based on type of well completion (e.g. open-hole) and re-completion (e.g. reduced 
diameter internal liner), problem wells (e.g. frequency of well work-overs such as rods 
parting or pump failure), and current well status.  
 
Loudon:  EOR I 
EOR I was a huff ‘n puff pilot using a single oil producing well.  The reservoir at the 
Loudon site is in the Cypress Sandstone and is 1,500 feet deep. The formation is 
characterized by very fine- to fine-grained sandstone in 6-10-foot packages, interbedded 
with shales. These sands are typically found in long, elongated bodies that may coalesce 
to form larger flow units. The average permeability within the reservoir is 31 mD and the 
average porosity is 16%. 
 
In the summer of 2007, 43 tons of CO2 were injected into a well in the southern part of 
the Loudon oil field, Fayette County, Illinois.  CO2 was injected as a gas into the tubing-
casing annulus over about one week at a rate of 5-10 tons per day.  After injection, the 
well was shut-in for one week and then produced.  Prior to CO2 injection, the well was 
producing 0.5-1.0 barrels of oil per day (bopd).  During the first week of production after 
CO2 injection, the well had a maximum daily rate of 8 bopd, but declined over the next 
couple of weeks to 3-5 bopd.  Over two months, the well was estimated to produce about 
100 barrels of oil above the pre-injection forecast for oil production.   
 
Tanquary:  S/ECBM 
The S/ECBM pilot involved drilling four new wells into the Springfield coal seam at 900 
feet measured depth in the western part of Wabash County, Illinois.  The coal is 7 feet 



thick and is of high volatile bituminous rank.  Desorbed coal gas content in cores varies 
from 150 to 210 standard cubic feet/ton (dry mineral matter free) and consists generally 
of >92% CH4 with lesser amounts of N2 and CO2. Adsorption isotherms indicate that at 
least three molecules of CO2 can be stored for each displaced CH4 molecule. Well-
developed coal cleats with 1-2 cm spacing contain partial calcite and/or kaolinite fillings 
that may decrease coal permeability. 
 
Two wells were drilled in the fall of 2007.  Absolute permeability estimated through drill 
stem tests (DST) revealed lower than expected permeability.  Drilling was halted until 
additional analyses could be done to determine final well spacing.  Water injection 
pressure falloff and pulse tests were performed that confirmed low permeability estimates 
from DST tests.  In the spring of 2008, two additional wells were drilled, reducing the 
spacing between monitoring and injection wells to 50 and 100 feet.  Using all four wells, 
water injection pressure transient testing identified that the face and butt cleat directions 
were in the general direction of observations made in a nearby underground coal mine.    
During the summer of 2008, CO2 injection began, continuing through early January 2009.  
A series of CO2 injection pulses lasting 8 to 24 hours started in weekly increments for 
about one month, followed by continuous injection, which was interrupted by operational 
problems associated with the pumping equipment. The in situ fluid pressure was, by 
design, above the methane desorption pressure of the coal.  Within hours after starting 
CO2 injection, methane gas was measured at the surface at the 50-foot butt cleat 
monitoring well; several hours later, methane gas was detected at the 100-foot butt cleat 
well.  Approximately one month after injection started, CO2 was detected at the 50-foot 
butt cleat well.  The face cleat well only had gas at the surface after a very small pressure 
decrease was introduced by flowing a very small amount of water (<5 gallons) from the 
well.  A total of 100 tons of CO2 was injected at 0.5-0.75 tons per day.  A final water 
injection pressure transient test is planned for November 2009 to evaluate post-CO2 
injection coal cleat permeability.  Numerical modeling will provide information with 
regards to projections of volume of CO2 that can be sequestered and methane gas 
produced for a commercial scale injection pattern.  All wells will be plugged and 
abandoned before January 1, 2010.   
 
Mumford Hills:  EOR II 
In late summer 2009, CO2 injection started at the EOR II site in the Mumford Hills field 
in Posey County, Indiana.  Subsurface pressure and temperature are suitable to sustain a 
liquid CO2 flood.  The reservoir is located at an average depth of 1,900 feet and consists 
of thick wedges of fine-grained sandstone.  These sandstone bodies range in thickness 
from 10-40 feet, have average permeability of 150 mD and 19% porosity, with good 
communication throughout. The reservoir was most likely deposited in a channel type 
environment and has a strong north-to-south alignment. 
 
This field has a single water injector at the southern end that supports pressure for the 
entire area.  The CO2 injector was converted from an oil producing well.  The conversion 
of this well provides an inverted 5-spot pattern with four oil producing wells surrounding 
the injection well; the injection pattern covers 10 acres.  Two wells to the north of this 
pattern are monitored for pressure and gas composition to check if CO2 is leaving the 



pattern in the general direction of injected water movement.  Because subsurface pressure 
is relatively high due to peripheral waterflood, oil producing wells flow to the surface; 
consequently, rod pumps and rods were pulled from all wells.  This provides additional 
pressure at the bottom of the hole to help maintain reservoir pressure to sustain CO2 as a 
liquid.  From an operational perspective, this eliminates the electrical component of daily 
operating costs, which is by far the largest expense in most oil field operations.  Pre-
injection oil rate was 5-6 bopd and water rate was 190-220 bwpd.   
 
The CO2 injection rate is about 25 tons per day.  During the ICCI funding period, 
approximately 1,000 tons were injected.  Higher injection rates are planned, but 
operational problems related to plumbing two storage tanks together have caused a delay.  
It is anticipated that the CO2 injection rate will increase to 35-40 tons per day.  Unless 
CO2 production rates at oil producing wells becomes too high, CO2 injection will 
continue until late December 2009 or early January 2010 when winter road restrictions 
will be enforced and CO2 delivery will be suspended until the spring of 2010.  Water 
injection is planned during this period.  Depending on the response of wells through the 
remainder of the CO2 injection period and the remaining CO2 budgeted, CO2 injection 
may commence again in spring 2010.   
 
Sugar Creek:  EOR III 
In early summer 2009, CO2 injection started at the EOR III site in the Sugar Creek field 
in Hopkins County, Kentucky.  Subsurface pressure and temperature are suitable for a 
high pressure immiscible CO2 flood using an existing water injection well.  The reservoir 
is located at a depth of 1,850 feet and consists of fine-grained sandstone packages 
interbedded with shales. The sandstones consist of lenticular bodies, likely deposited in a 
shallow marine environment, have thicknesses ranging from 5-20 feet, and have fair to 
poor communication. The average permeability within these bodies is 20 mD and average 
porosity is 16%. There is strong evidence of faulting in the area, with significant effects 
on communication between wells. 
 
The flood is not a regular pattern but an area flood with eight oil producing wells 
immediately surrounding the water injection well.  Three additional wells outside these 
oil producing wells were added as pressure monitoring wells.  After about two weeks of 
CO2 injection, CO2 was detected at one of the eight producing wells.  The rate was 
relatively low but grew quickly.  Pressure in the annulus was too high, so the well was 
worked over and a packer was placed in the well.  Gas rates continued to climb and the 
well was shut-in and continues to serve as a pressure monitoring well.  At the time of 
breakthrough, this well had a modest increase in oil production of 5-8 bopd.  When this 
well was shut-in, this oil production was lost and the total lease production was below the 
pre-CO2 injection rate.   Presently, CO2 has broken through at relatively low rates at four 
more wells to the south, west, and north.  Wells to the east and southeast have not had 
indication of CO2 production.  Oil production is nearly 10 bopd above pre-injection rates.  
Nearly 3,000 tons of CO2 were injected during the ICCI funding period.  Unless CO2 
production rates at wells currently showing CO2 breakthrough continue to grow, CO2 
injection will continue until late December 2009 or early January 2010 when winter road 
restrictions will be enforced and CO2 delivery will be suspended until the spring of 2010.  



Water injection is planned during this period.  Depending on the response of wells 
through the remainder of the CO2 injection period and the remaining CO2 budgeted, CO2 
injection may commence again in spring 2010.   
 
Geologic Modeling 
In order to create a realistic model of reservoir architecture, a geostatistical approach was 
utilized. Well log data were first normalized then transformed into permeability and 
porosity values using core data. These results were then used to produce multiple 
realizations of reservoirs. The average of these realizations was considered the most 
likely scenario and passed on for injection simulation. 
 
Monitoring, Validation, and Accounting  
All pilots had similar monitoring, validation, and accounting procedures.  To determine if 
CO2 remains in the reservoir, the MVA program consisted of: 1) monitoring ambient air 
quality at the site to ensure worker safety; 2) monitoring CO2 injection composition, 
volumes, and rates; 3) monitoring shallow groundwater quality; 4) measuring produced 
oil, gas, and water; and 5) monitoring surface and subsurface injection pressure and 
temperature.   
 
The Tanquary and Loudon projects had aerial photography that included three color 
bands and near-infrared.  Electrical resistivity and electromagnetic surveys were also 
used at the Loudon site.   
 
All results were negative with regards to indications of CO2 outside the injection zone.   
 
Reports 
Final reports on each pilot injection project for submittal to DOE are in progress. Table 1 
shows anticipated dates of completion for each report. 
 

Table 1:  Status of final reports for Phase II CO2 injection pilots. 
ICCI Task 
Number Pilot Name 

Expected Report 
Completion Date 

 

7 S/ECBM:  Tanquary  4/1/10 
8 EOR I:  Loudon Huff “N” Puff 12/30/09 
9 EOR II:  Mumford Hills Pattern Flood 9/30/10 
10 EOR III:  Sugar Creek (IN) Area Flood 9/30/10 

 



DISCLAIMER STATEMENT 
 

This report was prepared by Robert J. Finley, University of Illinois, Illinois State 
Geological Survey, with support, in part, by grants made possible by the Illinois 
Department of Commerce and Economic Opportunity through the Office of Coal 
Development and the Illinois Clean Coal Institute. Neither Robert J. Finley, University of 
Illinois, Illinois State Geological Survey, nor any of its subcontractors, nor the Illinois 
Department of Commerce and Economic Opportunity, Office of Coal Development, the 
Illinois Clean Coal Institute, nor any person acting on behalf of either: 
 
(A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, 
or that the use of any information, apparatus, method, or process disclosed in this 
report may not infringe privately-owned rights; or 

 
(B) Assumes any liabilities with respect to the use of, or for damages resulting from 

the use of, any information, apparatus, method or process disclosed in this report.   
Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favoring; nor do the views and 
opinions of authors expressed herein necessarily state or reflect those of the 
Illinois Department of Commerce and Economic Opportunity, Office of Coal 
Development, or the Illinois Clean Coal Institute. 

 
Notice to Journalists and Publishers:  If you borrow information from any part of this 
report, you must include a statement about the state of Illinois’ support of the project. 
 


