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Are you    
sure you’re 

comfortable?



Let’s dive right in!



Principal Global CO2 Sequestration Targets

Terrestrial

Forest lands

Agricultural lands

Biomass croplands

Deserts and degraded lands

Boreal wetlands and peatlands

Oceanic

Enhancement of natural 
carbon sequestration in the 
ocean

Direct injection of CO2 in the 
deep ocean



Geologic

Chemical    
&    

Biological

Converting CO2 into stable solids 
such as magnesium carbonate

Utilizing microbes to convert CO2
into useful products such as 
methane 

Principal Global CO2 Sequestration Targets



Geologic       Sequestration 

DEEP SALINE 
AQUIFERS

OIL AND GAS 
RESERVOIR 

ROCKS
ENHANCED OIL 

RECOVERY (EOR)

MINE VOIDS

DEEP UNMINEABLE

COAL SEAMS

STORAGE

ENHANCED 
COALBED METHANE 
RECOVERY (ECBM)

STORAGE



MRCSP Mission:
To be the premier resource in 

the Midwest Region for 
identifying the technical, 

economic, and social 
considerations associated 
with CO2 sequestration and 
creating viable pathways for 

its deployment.

MIDWEST REGIONAL CARBON                       
SEQUESTRATION PARTNERSHIP 



• Seven-State Region - IN, KY, MD, MI, OH, PA, WV

Who:
• 38-member team led by Battelle Labs 
• Leading research organizations in our Region 
• Major energy and agricultural entities operating in our Region
• Key government and non-government organizations

What:
• Assessing carbon sequestration opportunities
• Technical and economic potential
• Public acceptance
• Regulatory Issues

Where:

Snapshot of the MRCSP



The MRCSP is One of Seven Regional 
Partnerships Across the U. S.

• Plains CO2 Reduction 
Partnership

• Big Sky Regional Carbon 
Sequestration Partnership

• West Coast Regional 
Carbon Sequestration 
Partnership

• Geological Carbon Sequestration Options in the Illinois Basin
• Southeast Regional Carbon Sequestration Partnership
• Southwest Regional Partnership for Carbon Sequestration

The other six are:

See http://www.netl.doe.gov/coal/Carbon%20Sequestration/partnerships/index.htm for 
more information from NETL on the seven partnerships.



Industry Partners

Ohio Coal Development Office

 
U.S. Department of Energy/NETL 



Research Partners



Snapshot of our Region
The Nation’s 
Engine Room

Population: 50.8 million 
(one in six Americans)
Gross Regional Product: 
$1,534 billion (16% of 
U.S. economy)

77% of the Region’s 
electricity is generated 
from coal

21.5 % of all the   
electricity generated in    
the U.S.



Ammonia
Cement
Ethylene/Ethylene Oxide
Gas Processing
Hydrogen
Iron and Steel
Power
Refinery

715 Million Tonnes CO2 annually

CO2 Emissions in the MRCSP Region
The focus is on large point sources (>100,000 tonnes CO2/yr)

474 Point Sources

316 power plants
595 million 
tonnes from 
Power Plants

Over 26% of CO2 emissions 
from power plants nationwide



SIGNIFICANCE
Point sources in the Midwest 

Region, including Pennsylvania, 
account for over 12% of total 

CO2 emissions nationwide



CO2 Emissions in our Region

74015.8West Virginia

2036.2Pennsylvania

2527.8Ohio

1564.8Michigan

1113.6Maryland

3238.8Kentucky

33710.0Indiana

Greenhouse Gas 
Intensity*

Greenhouse Gas 
Emissions per 
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Assess the technical and economic potential, and the social impact, of 
carbon sequestration:

Translate this theoretical knowledge into practical implementation 
strategies to assist the industries that rely on the region’s abundant, 
reliable, and inexpensive energy sources.

• Assess the region’s deep geologic formations, forests, agricultural, and 
degraded land systems for their potential to sequester CO2

• Identify strategies for overcoming these barriers via Phase II field 
demonstrations

• Identify CO2 sources in the region

• Assess the cost of capturing CO2 from these sources

• Engage the public and elected officials to communicate the potential value
of geologic and terrestrial sequestration

• Examine barriers that would hinder cost-effective and timely deployment

MRCSP GOALS



Phase I Project Organization

Project Management
David Ball, Battelle

Project Management
David Ball, BattelleProject AdvisorsProject Advisors

Geologic Sinks
Dr. Larry Wickstrom

Ohio Division of 
Geological Survey

Geologic Sinks
Dr. Larry Wickstrom

Ohio Division of 
Geological Survey

Terrestrial Sinks
Dr. Rattan Lal

The Ohio State University

Terrestrial Sinks
Dr. Rattan Lal

The Ohio State University

Sequestration System 
Technologies and 

Economics
Dr. Neeraj Gupta, Battelle

Sequestration System 
Technologies and 

Economics
Dr. Neeraj Gupta, Battelle

Stakeholder Outreach 
and Education

Judith Bradbury, Battelle
Sarah Wade, AJW

Stakeholder Outreach 
and Education

Judith Bradbury, Battelle
Sarah Wade, AJW

Indiana Geological Survey
Kentucky Geological Survey
Pennsylvania Geological Survey
West Virginia Geological Survey

Penn State University
Purdue University
West Virginia University 

GIS, Battelle, ODGS

Mineralization, OSU
Terrestrial Costs, OSU
CO2 Transport, NRRI

Capture Technologies, CONSOL

Regulatory Analysis
Ray Lawton, Bob Burns, 
Partha Chaudhuri, NRRI

Regulatory Analysis
Ray Lawton, Bob Burns, 
Partha Chaudhuri, NRRI

Michigan State University 
University of MarylandWestern Michigan University

Maryland Geological Survey
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University of MarylandWestern Michigan University

Maryland Geological Survey

Pennsylvania Geological Survey



Team Partners are the Major 
Geologic Data Sources in this Region

A partnership of regional expertise



At least nine regional potential injection reservoirs

MRCSP Geologic Characterization

Four major types of potential CO2 injection reservoirs

Deep saline reservoirs

Oil and gas fields (active and depleted)

Coal seams and organic-rich shales

Salt solution mines and cavities

Several reservoirs of local importance



Ultimate Objective:  

Evaluate the potential capacity for geologic 
sequestration of CO2 in the member states. 

Identify promising locations for 
sequestration potential

Determine potential reservoir capacities

Determine, within the scope of the 
project, the potential for enhanced 
recovery of coalbed methane, shale 
gas, and “conventional” oil and gas



MRCSP Area of Interest
• An area of 

diverse geology

• An area in  
which CO2
sequestration 
will be  
environmentally 
and 
economically 
important

• Diverse geology 
leads to diverse 
geologic 
sequestration 
options 



All or parts of three large 
sedimentary basins

Regional Geology



Regional Geology

Deeply buried rift 
systems in the 
crystalline “basement” 
rocks (< 570 million year 
old igneous and 
metamorphic rocks) 



Regional Geology

Significant potential for large-volume sedimentary reservoirs in 
which CO2 could be injected with good containment at depth



What We are Looking At

At any one location, 
multiple horizons 
can be analyzed

Different types of 
potential reservoirsOil and gas fields 

& prospective 
horizons (“sinks” 
& reservoirs)

Prospective  coal 
beds and organic 
shales (“sinks” & 
reservoirs)

Prospective deep 
saline aquifers 
(“sinks”)

Caprocks (“seals”)

Surficial 
elevation model

Results eventually 
will be compared to 
emissions sources

Caprocks (“seals”)



Geologic Time

MRCSP CO2 Sequestration



Storage
• Basal Sandstone
• Rose Run/Theresa 

Sandstones
• St. Peter Sandstone (in 

some areas)
• Medina/“Clinton”/ 

Tuscarora Sandstones
• Lockport Dolomite        

(in some areas)
• Oriskany Sandstone
• Devonian shales          

(in some areas)
• Upper Devonian 

sandstones
• Wastegate (MD)

Prospective Storage Units, Caprocks, and Other Features

• Oil and gas fields
• Gas storage fields
• Salt mines/solution 

mines
• Coal beds (deep, 

unmineable)
• Hazardous and non-

hazardous waste 
injection wells

• Abandoned coal 
mines

• Major structural 
features/faults

Caprock/seals OtherStorage
• Basal Sandstone
• Rose Run/Theresa 

Sandstones
• St. Peter Sandstone (in 

some areas)
• Medina/“Clinton”/ 

Tuscarora Sandstones
• Lockport Dolomite        

(in some areas)
• Oriskany Sandstone
• Devonian shales          

(in some areas)
• Upper Devonian 

sandstones
• Wastegate (MD)

• “Basement” 
structure

• Top basal sand to 
top of Knox

• Knox to base 
Silurian

• Lockport to top 
Onondaga (in some 
areas)

• Devonian shales 
(in some areas)



Geologic 
Column of 

Rocks in the 
Pittsburgh area



Pennsylvanian coal 
seams – sinks and 
ECBM potential

Devonian oil and 
gas reservoir rocks 
– sinks and 
EOR/EGR potential

Devonian organic-
rich shales – sinks 
and EGR potential

Oriskany Sandstone 
– gas reservoir and 
saline aquifer (sink)

Lockport Dolomite –
saline aquifer (sink)

Tuscarora Sandstone –
saline aquifer (sink) 
and potential gas 
reservoir

Rose Run sandstone –
saline aquifer (sink) 
and potential gas 
reservoir

Potsdam Sandstone –
saline aquifer (sink)

Geologic 
Column of 

Rocks in the 
Pittsburgh area



Organic-rich shale

Local target

Regional target

Confining unit

Coal-bearing unit

Precambrian sandstone

Basement rocks

Unconformity       
(rocks missing   
by erosion or       

non-deposition)

Sequestration 
Potential of Rocks 

in the MRCSP 
Project Area



• “Basement” 
structure

• Top basal sand to 
top of Knox

• Knox to base 
Silurian

• Lockport to top 
Onondaga (in some 
areas)

• Devonian shales 
(in some areas)

Caprock/sealsStorage
• Basal Sandstone
• Rose Run/Theresa 

Sandstones
• St. Peter Sandstone (in 

some areas)
• Medina/“Clinton”/ 

Tuscarora Sandstones
• Lockport Dolomite        

(in some areas)
• Oriskany Sandstone
• Devonian shales          

(in some areas)
• Upper Devonian 

sandstones
• Wastegate (MD)

Prospective Storage Units, Caprocks, and Other Features

• Oil and gas fields
• Gas storage fields
• Salt mines/solution 

mines
• Coal beds (deep, 

unmineable)
• Hazardous and non-

hazardous waste 
injection wells

• Abandoned coal 
mines

• Major structural 
features/faults

Other
• “Basement” 

structure
• Top basal sand to 

top of Knox
• Knox to base 

Silurian
• Lockport to top 

Onondaga (in some 
areas)

• Devonian shales 
(in some areas)

Caprock/seals



Basement contours

Basement faults

Rome
trough

Basement 
Map of 

the 
MRCSP 

Area

Draft map



Cap rocks

Large Amounts of Data, but Density Varies

Draft map Distribution of wells used to construct 
the thickness and structure maps for the 

Onondaga-to-Lockport confining unit



• Oil and gas fields
• Gas storage fields
• Salt mines/solution 

mines
• Coal beds (deep, 

unmineable)
• Hazardous and non-

hazardous waste 
injection wells

• Abandoned coal 
mines

• Major structural 
features/faults

Other
• “Basement” 

structure
• Top basal sand to 

top of Knox
• Knox to base 

Silurian
• Lockport to top 

Onondaga (in some 
areas)

• Devonian shales 
(in some areas)

Caprock/sealsStorage
• Basal Sandstone
• Rose Run/Theresa 

Sandstones
• St. Peter Sandstone (in 

some areas)
• Medina/“Clinton”/ 

Tuscarora Sandstones
• Lockport Dolomite        

(in some areas)
• Oriskany Sandstone
• Devonian shales          

(in some areas)
• Upper Devonian 

sandstones
• Wastegate (MD)

Prospective Storage Units, Caprocks, and Other Features

• Oil and gas fields
• Gas storage fields
• Salt mines/solution 

mines
• Coal beds (deep, 

unmineable)
• Hazardous and non-

hazardous waste 
injection wells

• Abandoned coal 
mines

• Major structural 
features/faults

Other



Fields map

Oil and Gas Fields in the MRCSP Area

Draft map

Legend

Oil-dominant

Gas-dominant

Gas storage

CBM or shale gas (PA)

First time this data will be available to the 
public in a GIS database across the region



Data Collection & Mapping

Data used to generate 
isopach maps

Data used to generate 
structure maps



Isopach Maps
Thickness Map of the Medina Group/Tuscarora Sandstone



Structure Maps
Contour Map on Top of the Medina Group/Tuscarora Sandstone



Oil and Gas Fields of Pennsylvania
Data as of 7/04

Shallow Gas Deep Gas Shallow Oil Deep Oil Gas Storage



Porosity, salinity, temperature, and other data

Acreage 
calculated 

by GIS



Distribution of Coal by Rank in Pennsylvania

Area of 
deepest 

coal beds

Depth to base of coal-bearing units

Number of coal beds

Total thickness of coal 
greater than 500’ deep





Pittsburgh coal

“Working Allegheny
Group” coals

Pittsburgh through
Pottsville coals

CBM Pools in Pennsylvania



From Data to Products
Each state organization compiled geologic data for each 
given layer

That layer was transmitted to the state organization 
responsible for the regional mapping (for example, PA 
was responsible for Medina/Tuscarora).

The review process allowed each state organization input 
on the final maps

All finalized maps will be turned over to the Ohio Division 
of Geological Survey (ODGS)

ODGS will prepare all calculations and web-enable all 
map products, queries, calculations, etc. in the MRCSP 
GIS



FOR SALINE AQUIFERS

Q = ((7758 * (Φ * a * h)) * CO2s)/(1000 * 18.75)

Where: Q = sequestration volume (metric tonnes)

Φ = porosity (percent)

a = area (acres)

h = net thickness (feet)

 CO2s = CO2 solubility (scf/bbl water))

Assumptions: Temp (deg F) = 61 + 0.007 * depth (ft)

Pressure (psia) = 0.433 (psi) * depth (ft)

CALCULATING CO2 SEQUESTRATION VOLUMES



CALCULATING CO2 SEQUESTRATION VOLUMES

FOR COAL

Q = CCO2CH4 * (ρcoal * a * 0.3048 * h* Gcoal )/ 18950

Where: Q = sequestration volume (metric tonnes)

CCO2CH4 = CO2:CH4

ρcoal = coal density (g/cc or T/m3 )

a = area (acres)

h = net thickness (feet)

 Gcoal = coalbed gas desorption value (scf/sT)



CALCULATING CO2 SEQUESTRATION VOLUMES

FOR OIL AND GAS RESERVOIRS

Q = ρco2  * h * a * Φ * (1-Sw)/2200

Where: Q = sequestration volume (metric tonnes)

 ρco2   = CO2 density (lbs/acre-ft)

h = net thickness (feet)

a = area (acres)

Φ = porosity (percent)

Sw =  Water saturation (percent)

2200 (lbs) = 1 metric tonne



Calculations made at 
different capacities 

Example Calculations:                  
Ohio’s Deep Oil-and-Gas Reservoirs

Multiple query options:
Sequestration potential will be able 
to be calculated by state, county, 

unit, user-defined areas, etc.

Interactive base map available via Web - soon



Digital Elevation Model





Example Application from GIS

Oil-and-gas 
fields within 
a 10 mile 
radius of a 
coal-fired 
utility in 
Ohio

CO2 sequestration available in 3 oil fields near the plant = 30 Mmt @ 20% 



Phase I Findings

• The MRCSP has an abundance of the 3 primary reservoir types
• Deep saline formations
• Oil and gas fields (active and depleted)
• Coal seams and organic shales

• Mapping their distribution is the primary key to existing and 
future geological sequestration from large CO2 sources in the 
region.

• We have established our mapping and calculations 
methodologies, collected large volumes of data.

• We are still mapping the data and developing the IMS service.



MRCSP is also doing other stuff:

• Evaluating other important issues:
– What impact will federal state and local regulations play in implementing 

sequestration projects

• National Regulatory Research Institute, lead

– What capture and transport technologies will be important to 
implementation and what will they cost

• CONSOL Energy, lead  (BP & B&W review)

• Public Outreach and Education
– Helping the public in our region to make informed decisions about 

sequestration and getting their feedback to help us plan for 
implementation

• Economic analysis and selection of Phase II project 
recommendations



MRCSP PHASE II 
PROPOSAL

Implementation of field test projects

Fill data gaps in the regional geologic framework 
through piggyback drilling

Geological assessment of candidate project sites

Refine the mapping of potential reservoirs 
and seals

Refine geostatistical modeling and GIS

Evaluate CO2 storage potential in 
depleted oil and gas fields through EOR



The  End


