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NOTICE 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government, nor any agency thereof, nor any of their 
employees, nor Battelle, nor any member of the MRCSP makes any warranty, express or 
implied, or assumes any liability or responsibility for the accuracy, completeness, or usefulness 
of any information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. 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, recommendations, or favoring by Battelle, members of the MRCSP, the 
United States Government or any agency thereof. The views and the opinions of authors 
expressed herein do not necessarily state or reflect those of the members of the MRCSP, the 
United States Government or any agency thereof. 
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PART 1.  
GEOLOGIC CHARACTERIZATION AND RESEARCH 

The Midwest Regional Carbon Sequestration Partnership (MRCSP) Phase II geologic 
characterization task consisted of five subtasks designed to evaluate and extend, beyond what 
was accomplished in Phase I, our knowledge of the region’s geologic sequestration potential. A 
separate report has been prepared and submitted for each subtask. This overview is intended to 
tie all reports together and provide an update of the region’s sequestration capacity totals in one 
summary. The five reports on the subtasks undertaken within Phase II were titled as follows:  

(1) A Regional Geologic Characterization and Assessment of Geologic Carbon 
Sequestration Opportunities in the Upper Cambrian Mount Simon Sandstone in the 
Midwest Region, with Addendum – Cambrian  

(2) Characterization of Geologic Sequestration Opportunities in the MRSCP Region: 
Middle Devonian–Middle Silurian Formations 

(3)  MRCSP Phase II—Reassessment of CO2 Sequestration Capacity and Enhanced Gas 
Recovery Potential of Middle and Upper Devonian Black Shales in the Appalachian 
Basin  

(4) Storing and Using CO2 for Enhanced Coalbed Methane Recovery in Unmineable Coal 
Beds of the Northern Appalachian Basin and Parts of the Central Appalachian Basin 

(5) Evaluation of CO2-Enhanced Oil Recovery and Sequestration Opportunities in Oil 
and Gas Fields of the MRCSP Region 

The Upper Cambrian Mount Simon Sandstone is a deep saline reservoir thought to possess 
the greatest potential for CO2 storage of all on-shore formations within the MRCSP region. 
Phase I work and ongoing research at the Ohio Department of Natural Resources, Division of 
Geological Survey have demonstrated that the formal Mount Simon of Indiana, Michigan, and 
western Ohio does not extend eastward into eastern Ohio and much of the Appalachian Basin. 
The “basal sandstone” present in eastern Ohio is stratigraphically higher than the Mount Simon 
Sandstone and lithologically distinct. Thus, the Phase II characterization work has concentrated 
on the Mount Simon within Indiana, Michigan, western Kentucky, and western Ohio. Here, 
studies of core samples collected from the Mount Simon indicate that porosity and permeability 
values change predictably with depth, generally decreasing with depth. Such a predictive 
relationship allows a better methodology for predicting the geologic carbon sequestration 
capacity of this unit in the Midwest. While this formation is thought to hold the greatest on-shore 
potential for CO2 storage in the MRCSP region, because of its depth it is also one of the least 
understood reservoirs. The stratigraphic relationships and capacity of the Mount Simon and 
“basal sands” will continue to be evaluated within Phase III efforts. 

In Phase I of the MRCSP project, the Middle Devonian–Middle Silurian (MDMS) interval was 
evaluated and mapped as a single, regional confining unit; albeit, local saline formations and 
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significant oil and gas reservoirs are present within this interval. For Phase II, the MDMS 
underwent a more detailed evaluation. Within this interval, available data indicate the most 
promising target for geologic sequestration in the Appalachian Basin is the Oriskany Sandstone, 
specifically in the areas of eastern Ohio, western West Virginia, and western Pennsylvania. In 
these areas, the Oriskany exhibits an average porosity of 5 percent and permeabilities ranging 
from 1 millidarcy (md) to as high as 185 md. In the Michigan Basin, the most promising MDMS 
targets are the Bass Islands Dolomite and the Dundee Formation. These layers exhibit average 
porosities of 10 and 5 percent, respectively. A successful Phase II validation test has been 
accomplished in the Bass Islands Dolomite in an existing oil-and-gas field in Otsego County, 
Michigan, where 60,000 Tons of CO2 has been injected. 

Research into the feasibility and utility of sequestering CO2 into Devonian shale formations 
continued during Phase II. Low-permeability shale units of high lateral extent are expected to be 
effective regional seals for CO2 storage in deeper zones. However, in addition to serving as seals, 
black Devonian shales may also serve as target zones for actual CO2 storage. Carbon dioxide 
storage capacity in shale is related to shale density and volume and is also based on a shale’s 
ability to adsorb CO2 onto molecules containing organic carbon within the shale matrix. Thus, 
shale storage capacity can be more simply estimated from shale total organic content (TOC). In 
Phase II storage estimates for Devonian shales were updated by accounting for the variation of 
TOC in shales across the MRCSP region. Similar to injecting CO2 into coal, CO2 is 
preferentially adsorbed in shale with respect to methane. While shale is a favorable medium for 
sequestration because it is sorptive, this sorptiveness also enhances shale’s integrity as a seal. 
However despite these favorable features, if shale is utilized as a sequestration target, injectivity 
may be limited because of the extremely low permeability of shale, constraining injectivity rates. 

Phase II work on coal was to: (1) evaluate and summarize current research regarding the use of 
CO2 for enhanced coalbed methane (ECBM) recovery in the MRCSP region, that is, work not 
addressed in Phase I, and (2) evaluate and summarize CO2 tests in coal from non-MRCSP 
projects in the region. During Phase II, the outlook and emphasis on using coal beds for carbon 
storage has shifted to using coals only for producing CBM under ECBM projects. In Phase I the 
MRCSP mapped all coals greater than 500 feet (ft) deep as potential for sequestration. Projected 
higher prices for coal in the future and reluctance of the coal industry to potentially lose the 
deeper reserves have resulted in remapping the potential coals to include only those greater than 
1,000 ft deep. This shift in thought results in a significant reduction in the size of total potential 
geologic carbon storage (GCS) area attributed to coal. Coalbeds are being investigated as CO2 
sequestration reservoirs because CO2 has a greater affinity for coal than for methane, meaning 
that it will displace methane, adsorb to the coal matrix, and remain sequestered within the 
coalbed. The amount of adsorption and subsequent methane (CH4) displacement varies with coal 
rank, type, and moisture content, but CO2:CH4 displacement ratios generally range from 2:1 for 
bituminous coals to 10:1 for lignites. In the MRCSP region the displacement ratio is likely to be 
similar to that for Illinois Basin coals—ranging from 3.5:1 to 5.3:1. 

The Phase II enhanced oil recovery (EOR) task conducted a preliminary assessment of 940 oil 
fields in the MRCSP region to determine potential for CO2 EOR and sequestration. Producing 
reservoirs range in age from Cambrian through Pennsylvanian. Detailed reservoir, production, 
and engineering data were collected on 15 selected fields undergoing secondary or tertiary 
production. Case histories were constructed for each of these 15 fields that present stratigraphy, 
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structure, trapping mechanisms, production history and secondary recovery efforts, and results. 
A region-wide inventory assessment of oil and gas reservoirs was conducted showing that 
original oil in place totaled over 20 billion barrels and that 5 billion of those barrels have been 
produced. Because primary production was only successful at recovering one quarter of the 
original oil in place, the vast majority of the remaining 15 billion barrels will not be recoverable 
but instead will remain stranded, unless some type of EOR method is utilized. In many cases, 
CO2 EOR is very likely the best means for extracting more reserves from these reservoirs.  

 

PART 2.  
EVALUATION OF GEOLOGIC CARBON STORAGE CAPACITY 

During Phase II of the MRCSP geologic characterization task, the region’s overall geology was 
examined in greater detail to enhance the delineation of the most promising prospective geologic 
targets for carbon sequestration. These enhancements involved collecting additional data and 
doing additional interpretation and mapping. The new data combined with the previously 
collected Phase I data were used to calculate an updated, more refined, second approximation of 
the region’s geologic carbon sequestration storage capacities, including values for: (1) deep 
saline formations, (2) oil and gas fields, (3) unmineable coalbeds, and (4) organic shales. The 
deep saline formations remain the region’s largest assets for long-term geologic carbon 
sequestration. The ongoing use of ESRI’s suite of ArcGIS products, along with custom macros 
and database calculations, has been instrumental in capturing, analyzing, integrating, and 
depicting all of the data and information utilized in Phase II.  

During Phase II efforts, several formations cited in Phase I to have potential for carbon 
sequestration have also been added to our storage capacity evaluations. The prospective 
formations are: (1) Bass Islands Dolomite, (2) Lockport Dolomite, (3) Dundee Limestone, and 
(4) the Rose Run unit of the Knox Dolomite Formation. Additional significant storage capacity 
may exist in Knox units such as the Copper Ridge Dolomite unit, which has yet to be mapped. 
The calculation exercise utilizes a series of values called efficiency factors. These factors 
introduce conservatism into the process of quantifying storage capacities to deal with the 
inherent uncertainties associated with interpreting crucial subsurface geologic characteristics, 
such as the spatial distribution of porosity. This Phase II assessment calculated storage capacities 
using efficiency factors of 1 percent and 4 percent for most formations, and used the range of 5 
percent, 10 percent, and 15 percent for the Mount Simon Sandstone. Based on this exercise, the 
MRCSP region is thought to have approximately 52,640 to 234,245 million metric tonnes (MMt) 
of geologic carbon storage potential in deep saline formations. Based on this approximation, our 
region can accommodate many hundreds of years’ worth of CO2 emissions, despite a reduction 
in the calculated amount of capacity relative to values calculated during Phase I (450,000–
500,000 MMt). Of the primary target saline aquifers, the Cambrian-aged Mount Simon 
Sandstone, the Rose Run unit of the Knox Dolomite Formation, the Potsdam and Conasauga 
Formations, and these same formations and units located within the Rome Trough are calculated 
to contribute storage capacity between 30,600 and 146,100 MMt (264,500 MMt using Mount 
Simon at 10-percent efficiency), with most of it occurring in the Mount Simon. Saline aquifers 
within the Middle Silurian and Middle Devonian formations have been calculated to contribute 
between 12,780 and 51,100 MMt of storage capacity.  
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The MRCSP region also has the potential to store 8,510 MMt of CO2 in existing and depleted oil 
and gas fields. By applying anthropogenic CO2 to EOR operations in actively producing and 
recently abandoned oil fields, the region could produce hundreds of millions of barrels of 
additional oil. The MRCSP Phase I-estimated carbon storage capacity for northern Appalachian 
Basin coals was 250 MMt (Wickstrom and others, 2005); this value was not modified during 
Phase II. An alternative storage capacity estimate of 1,000 MMt for unmineable coalbeds was 
given in Carbon Sequestration Atlas of the United States and Canada (US DOE, 2008). Given 
the limited carbon storage capacity thought to be contained within unmineable coalbeds, CO2 
deployed in this setting may have more utility for its role in enhanced methane recovery than for 
the benefit gained from sequestering this CO2. However, more data must be collected to better 
determine long-term carbon storage potential within unmineable coalbeds. The CO2 
sequestration capacity in organic shales is estimated to be around 2,230 MMt and could be 
higher if larger storage efficiency factors are proven to be applicable. In total, calculations made 
during Phase II indicate that the MRCSP region has the potential capacity to store from 63,378 to 
244,985 MMt of CO2 (Tables 1 and 2). 

The Carbon Sequestration Atlas of the United States and Canada (US DOE, 2008) presents the 
methodology for which efficiency factors are applied. Phase I storage capacity estimates differ 
from Phase II estimates for several reasons (Table 1). During Phase I, the calculations for storage 
capacity were determined using a 10-percent efficiency factor. Work performed in Phase II 
updates the original Phase I numbers by applying (P15) 1-percent and (P85) 4-percent efficiency 
factors, along with other modifications.  

During Phase I, capacity evaluations for the Mount Simon Sandstone used gross-thickness 
isopachs and average-porosity values. During Phase II, the various geologic target formations 
and locations were further analyzed to enable construction of net-porosity isopach maps based on 
porosity cut-offs applied to certain wireline log parameters. For the other Cambrian units—the 
Rose Run, Potsdam, Conasauga, and these same and possibly other units in the Rome Trough—
storage capacity values were calculated using the same methodology for both Phases I and II; 
however during Phase II, data sets from New York were incorporated into the project data files, 
resulting in an increase in the total storage capacity value that was tallied for the region.  

During Phase II, the saline Middle Ordovician St. Peter Sandstone of Michigan and the 
Cretaceous Waste Gate Formation of Maryland were also reevaluated and the Phase II storage 
efficiency factors were updated (Tables 1 and 2). 

The methodology presented in Chapter 8 of the Phase II MDMS report was utilized during Phase 
I and Phase II to calculate storage capacity in the MDMS formations. Consequently, the 
difference between storage capacity estimates for the two phases is a result of adding New York 
MDMS data (formation tops) and applying updated storage efficiency factors. 

For Phase I EOR estimates, a 10-percent efficiency factor was applied to all formations. This 
efficiency factor is much less than that applied in Carbon Sequestration Atlas of the United 
States and Canada (US DOE, 2008) and in the MRCSP Phase II calculations (for details, see 
Equation 2 of the Phase II EOR report by Riley and others, 2010), for which the efficiency factor 
and the formation volume factor were both assumed to be 100 percent (i.e., 1.0) for all 
reservoirs, versus the 10-percent value used in Phase I. 
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The Phase II storage capacity evaluation did not change the storage values for coal. In the 
MRCSP Phase I report a 10-percent factor was applied to the total volumetric storage estimate to 
account for moisture in pore spaces, variations in composition, and for cleating. These and other 
factors impact porosity and permeability in ways that are not easily predicted. An efficiency 
factor of 10 percent results in storage of 0.28 BT (0.25 Gt or 250 MMt). (Note: BT= billion U.S. 
short tons; 1 BT= 0.907 Gt.) Accordingly, the amount of CO2 ultimately adsorbed onto coals in 
the northern Appalachians could be 0.28 BT (0.25 Gt or 250 MMt; Wickstrom and others, 2005).  

For Devonian shales, a methodology was developed during Phase I to assess the potential CO2 
sequestration capacity for the applicable areas containing these shales in the central and northern 
Appalachian Basin. This led to a Devonian shale storage capacity value of 2.23 BT for 
Kentucky, Ohio, Pennsylvania, and West Virginia. Both of these calculated volumes are based 
on use of a 10-percent efficiency factor. These estimates used a CO2 storage capacity for shale 
based on CO2 adsorption isotherms and an estimate of shale density and volume across the study 
area. The CO2 storage capacity for shale can also be estimated from its total organic content 
(Nuttall and others, 2006). In the absence of laboratory TOC determinations, Schmoker (1979, 
1993) proposed a method to determine the TOC of shale from formation density logs. In Phase II 
these estimates were updated by accounting for the variation of TOC in shale across the study 
area using Schmoker’s methodology, thus allowing CO2 storage capacity to vary, and also by 
introducing a 3-percent efficiency factor for displacement and storage. Higher efficiencies of 28 
percent and 40 percent are also presented.  

The storage potential using the various methods is not distributed evenly over the region (Table 
2). Some areas are eliminated and other areas are added as research continues. Producing and 
upgrading these maps is an important part of the program. The geologic team accomplished the 
Phase II goals and will continue to achieve higher standards of characterization and methodology 
in Phase III to produce the most accurate data. During Phase III, the program will continue to 
gather important new data and information to assess storage efficiencies and to better 
characterize and assess storage potential. To accomplish this, more extensive research for each 
formation will continue within each state to address the variability of reservoir properties. This 
effort may include obtaining new reservoir thicknesses and porosity distribution data and may 
possibly involve creating new calculation methods, efficiency factors, and equations to enhance 
this aspect of the MRCSP efforts to most accurately identify, account for, and quantify CO2 
storage capacity throughout the region. 
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Table 1.  Comparison of MRCSP Phases I and II Storage Capacity Estimates 

Formation 

Estimated Capacity, Million Tonnes 
Phase I  
(10%)  

Phase II  
(1% - 4%) 

Coal (10% eff.) 250 250 

Shale (3% eff., Phase II only) 45,350 2,023 

EOR (100% eff., Phase II only) 2,510 8,511 

Waste Gate Fm 4,380 438 – 1,753 

Sylvania Ss (Michigan) 15,110 1,510 – 6,044 

Bass Islands Gp (Michigan Basin) N/A 683 – 2,731 

Bass Islands Gp (Appalachian Basin) N/A 875 – 3,500 

Dundee Ls N/A 441 – 1,762 

Oriskany Ss 19,430 725 – 2,900 

Lockport Gp N/A 4,538 – 18,140 

Medina/Tuscarora Ss 70,530 4,011 – 16,034 

St. Peter Ss 88,130 8,813 – 35,267 

Rose Run Fm 49,270 6,099 – 24,398 

Potsdam Fm 1,710 276 – 1,105 

Conasauga Fm 4,250 426 – 1,702 

Rome Trough ss 1,230 123 – 491 

Mount Simon Ss (1/5/10% eff.) 217,180 23,680 – 118,418 (236,832) 

Total 519,330 63,378 – 244,985 
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Table 2.  Storage Capacities for Phase II Sequestration Capacities by Reservoir Type, 
Formation, and by State in the MRCSP Region1 

 State Total Total 

Formation IN KY MD MI NY OH PA WV 1% MMt 4% MMt 
Coal (10% eff.)  17    31 66 92 206 206 
Shale (3% eff.)  91    463 726 744 2,020 2,020 
EOR (100% eff.) 61 87  457 272 3,405 2,806 1,423 8,510 8,510 

Waste Gate Fm   438 / 
1,753      438 1,750 

Sylvania Ss 
(Michigan)    1,510 / 

6,044     1,510 6,040 

Bass Islands Gr 
(Michigan Basin)    683 / 

2,731     683 2,730 

Bass Islands Gr 
(Appalachian Basin)       875 / 

3,500  875 3,500 

Dundee Ls    441 / 
1,762     441 1,760 

Oriskany Ss  1.4 / 5.7 30 / 
120  5.4 / 21 31 / 123 292 / 

1,170 
365 / 
1,460 725 2,900 

Lockport Gr  129 / 
520 

62 / 
250  249 / 

990 
979 / 
3,900 

1,162 / 
4,650 

1,957 / 
7,830 4,540 18,100 

Medina/Tuscarora Ss  2 / 7.5 150 / 
600  189 / 

756 
370 / 
1,480 

2,000 / 
7,980 

1,300 / 
5,210 4,010 16,000 

St. Peter Ss 10 / 41   8,797 / 
35,200  6.4 / 26   8,810 35,300 

Rose Run Unit   544 / 
2,177  76 / 305 1,172 / 

4,690 
810 / 
3,240 

2,975 / 
11,900 

522 / 
2,086 6,099 24,400 

Potsdam Fm     106 / 
423  170 / 

682  276 1,100 

Conasauga Fm  0.15 / 
0.593  16.4 / 

65.7  347 / 
1,387 

46 / 
184 

16.1 / 
64.5 426 1,700 

Rome Trough Ss  100 / 
400    0.59 / 

2.35  22 / 
88.5 123 491 

Mount Simon Ss 
(1/5/10% eff.) 

14,753 / 
73,787 / 
147,579 

738 / 
3,687 / 
7,369 

 
6,326 / 
31,627 / 
63,248 

 
1,863 / 
9,317 / 
18,636 

  23,680 118,000 

Total 1% MMt 14,800 1,709 680 18,300 1,990 8,300 11,100 6,440 
63,400 245,000 Total 4% MMt 73,900 6,990 2,700 78,200 7,150 23,400 33,700 19,000 

 
Storage capacity estimates and totals are listed at 1% and 4% efficiency unless otherwise specified..  

5% Mt. Simon SS efficiency included in the Total 4% category. 

Coal, Shale, and EOR rows not totaled in 1% and 4% efficiencies, but at listed values based on different 
efficiencies. 

Coal estimates may not be exact with Table 1 due to rounding and converting. 

Horizontal and vertical totals in Table 2 may not be exact due to rounding. 
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