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ABSTRACT 

Obtaining subsurface data for developing a regional framework for geologic storage of CO2 can 

require drilling and characterization in a large number of deep wells, especially in areas with 

limited pre-existing data.  One approach for achieving this objective, without the prohibitive 

costs of drilling costly standalone test wells, is to collaborate with the oil and gas drilling efforts 

in a piggyback approach that can provide substantial cost savings and help fill data gaps in areas 

that may not otherwise get characterized.  This leveraging with oil/gas drilling also mitigates 

some of the risk involved in standalone wells.  This collaborative approach has been used for 

characterizing in a number of locations in the midwestern USA between 2005 and 2009 with 

funding from U.S. Department of Energy’s National Energy Technology Laboratory (DOE 

award: DE-FC26-05NT42434) and in-kind contributions from a number of oil and gas 

operators.  The results are presented in this final technical report.  In addition to data collected 

under current award, selected data from related projects such as the Midwestern Regional Carbon 

Sequestration Partnership (MRCSP), the Ohio River Valley CO2 storage project at and near the 

Mountaineer Plant, and the drilling of the Ohio Stratigraphic well in Eastern Ohio are discussed 

and used in the report.  Data from this effort are also being incorporated into the MRCSP 

geologic mapping.   

 

The project activities were organized into tracking and evaluation of characterization 

opportunities; participation in the incremental drilling, basic and advanced logging in selected 

wells; and data analysis and reporting.  Although a large number of opportunities were identified 

and evaluated, only a small subset was carried into the field stage.  Typical selection factors 

included reaching an acceptable agreement with the operator, drilling and logging risks, and 

extent of pre-existing data near the candidate wells.  The region of study is primarily along the 

Ohio River Valley corridor in the Appalachian Basin, which underlies large concentrations of 

CO2 emission sources.  In addition, some wells in the Michigan basin are included. 

 

Assessment of the geologic and petrophysical properties of zones of interest has been 

conducted.  Although a large number of formations have been evaluated across the geologic 

column, the primary focus has been on evaluating the Cambrian sandstones (Mt. Simon, Rose 

Run, Kerbel) and carbonates layers (Knox Dolomite) as well as on the Silurian-Devonian 

carbonates (Bass Island, Salina) and sandstones (Clinton, Oriskany, Berea).  Factors controlling 

the development of porosity and permeability, such as the depositional setting have been 

explored.  In northern Michigan the Bass Islands Dolomite appears to have favorable reservoir 

development.  In west central Michigan the St. Peter sandstone exhibits excellent porosity in the 

Hart and Feuring well and looks promising.  In Southeastern Kentucky in the Appalachian Basin, 

the Batten and Baird well provided valuable data on sequestration potential in organic shales 

through adsorption.  In central and eastern Ohio and western West Virginia, the majority of the 

wells provided an insight to the complex geologic framework of the relatively little known 

Precambrian through Silurian potential injection targets. Although valuable data was acquired 

and a number of critical data gaps were filled through this effort, there are still many challenges 

ahead and questions that need answered. The lateral extent to which favorable potential injection 

conditions exist in most reservoirs is still generally uncertain. The prolongation of the 

characterization of regional geologic framework through partnership would continue to build 

confidence and greatly benefit the overall CO2 sequestration effort.  
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EXECUTIVE SUMMARY 

Introduction 

 

The objective of this report is to gain knowledge of the geologic framework and carbon dioxide 

injection potential in the Ohio, Kentucky, West Virginia and Michigan area of the Midwest 

through collaboration with oil and gas well drillers in the region.  Carbon dioxide sequestration is 

the injection and storage of CO2 with the purpose of keeping these greenhouse gases out of the 

atmosphere where they can contribute to global warming.  However, obtaining subsurface data 

for developing a regional framework for geologic storage of CO2 can require drilling and 

characterization in a large number of deep wells, especially in areas with limited pre-existing 

data.  One approach for achieving this objective, without the prohibitive costs of drilling costly 

standalone test wells, is to collaborate with the oil and gas drilling efforts in a piggyback 

approach that can provide substantial cost savings and help fill data gaps in areas that may not 

otherwise get characterized.  This leveraging with oil/gas drilling also mitigates some of the risk 

involved in standalone wells.  This collaborative approach has been used for characterizing in a 

number of locations in the midwestern USA between 2005 and 2009 with funding from U.S. 

Department of Energy’s National Energy Technology Laboratory (DOE award: DE-FC26-

05NT42434) and in-kind contributions from a number of oil and gas operators. 

 

Information from a total of 19 wells is presented in this report.  Nine of these were drilled under 

the current project, whereas, the remaining wells were drilled under related projects such as the 

Midwestern Regional Carbon Sequestration Partnership and the Ohio Valley CO2 Storage 

Project at AEP’s Mountaineer Plant and its vicinity.  The site characterization included a 

combination of mud logging, wireline logging, rock core collection, and geotechnical testing of 

rock cores from the wells. The purpose was to fill critical data gaps in the regions potential 

injection formations. A majority of wells evaluated in this report were drilled in conjunction with 

the private utility companies and independent exploration and production companies.  

 

Geographical and Geological Domain of Project 

 

Ohio - Of the nineteen wells included in this report ten are in Ohio. The majority of wells are in 

east central Ohio and along the Ohio River Valley. This area is home to many coal burning 

power plants and point sources of CO2. The Silurian, Ordovician, and Cambrian age rocks 

contain all the potential injection formations in Ohio. These rocks have been explored to some 

extent from an oil and natural gas standpoint but not from a sequestration potential point of view. 

This project enabled these critical injection formations to be specifically logged and cored with 

potential injection as a focus. The Copper Ridge dolomite is an important objective in this 

project especially concerning the extent to which it has favorable porosity.  The wells drilled in 

this area provided valuable evidence suggesting that favorable conditions exist in the Copper 

Ridge to a greater extent than previously thought. The presence or absence of Mt. Simon 

Sandstone or its equivalent basal sandstones and changes in its lithologic character are also 

illustrated in the report. 

 

Michigan - Five of the wells included in this report were evaluated in Michigan under the 

current project and MRCSP efforts.  Four of these wells were drilled in north central Michigan in 
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Otsego County in conjunction with Core Energy LLC. The upper Silurian age Bass Islands 

Dolomite is the primary injection target in this area. These wells greatly contributed to the 

understanding of the Bass Islands Dolomite as well as their overlying confining layers; the Bois 

Blanc and Amherstberg Formations. The Bass Islands dolomite has favorable reservoir 

development and has fairly consistent high porosity across a relatively large area. The last well 

drilled in Michigan was in Oceana County in the west central part of the state. The primary target 

is the St. Peter Sandstone. The St. Peter sandstone in this area has very favorable geologic 

characteristics and could represent some of the best large, commercial scale potential for CO2 

sequestration.  

 

Kentucky - Two wells discussed in this report were drilled in Kentucky. The first was drilled in 

the Ohio River Valley in Northern Kentucky as part of the MRCSP work. The Cambrian age Mt. 

Simon Sandstone is the primary injection formation in this area and looks to have good reservoir 

development; however, a few more test wells would benefit the regional extent. The second well 

drilled in Kentucky is in the southeastern corner of the state and MRCSP supported running of 

one of logs in this well to evaluate adsorption potential of shale. The primary objective in this 

well was to learn more about organic shales as possible injection targets. The well provided 

important localized well log data as well as laboratory analysis.  

 

West Virginia - Two wells discussed in this report were also drilled in West Virginia. These 

wells were both drilled in the Ohio River Valley. The first was drilled in the northwest part of the 

state and provided detailed reservoir data on the lower Devonian Oriskany sandstone. The 

second was drilled in the west central part of the state and provided very important data on the 

Copper Ridge Dolomite and Rose Run Sandstone at the Mountaineer Plant as part of the Ohio 

Valley CO2 Storage Project.  

 

Methods and Data Collection 

 

Logging - The primary way for data collection in this project was through wire line well logging. 

In traditional oil and gas well data collection in the region only a certain basic suite of logs are 

obtained. These usually include a gamma ray, a caliper, shallow and deep resistivity, and neutron 

and density porosity. These standard logs are important and usually all that are considered 

necessary to gather the required data when drilling for oil or gas; however, there are different 

objectives when evaluating formation for carbon injection potential.  The standard logs were run 

on all the wells in the project as well as some much more uncommon logs, such as a dipole 

sonic, various image logs, magnetic resonance logs, wire line pressure tests, elemental 

spectroscopy logs, and geomechanical processed logs.   

 

Coring - Formation coring was also used for data collection during this project. Whole cores as 

well as sidewall cores were taken from many of the wells. Whole cores provide maximum 

coverage of data but are relatively expensive. Sidewall cores provide data over a large range of 

the targeted formation and are relatively inexpensive but do not provide continuous core. Core 

data is very important because it is usually more precise than wire line logging. In core data labs 

used the actual rock to determine formation properties. This data can then been used to correlate 

or sometimes validate the wire line data.  
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Seismic - One 2D seismic line was collected near the Devco well in Ohio and offers an insight to 

the lateral continuity of the target injection formations as part of the current project. In addition, 

2D seismic lines were available from several others wells drilled as part of MRCSP or other 

projects.  However, for more detailed assessment storage potential and containment integrity at 

specific locations further seismic work including 3D seismic where feasible would be valuable.  

 

Analysis Methods - The data gathered from the nineteen wells in this project was analyzed 

primarily through oil and gas computer software. Electronic logs were loaded into the software 

and log evaluation was conducted.  In addition cross plots were also prepared to determine the 

porosity regime in formations of interest. 

 

Conclusions and Lessons Learned 

 

The characterization approach used here has proven to be extremely useful and cost-effective 

and provides a model for continued and expanded efforts, especially for formations that are 

poorly characterized for geologic storage and containment.  This includes the sparsely drilled 

deeper Cambrian and Ordovician formations in the Appalachian Basin, such as the Basal 

Sandstone, Kerbel Sandstone, Knox Dolomite, Rose Run Sandstone etc.  Even in active oil and 

gas fields, the data obtained from a number of wells in close proximity can help develop more 

detailed geologic depositional and facies models for comprehensive assessment of local-scale 

factors controlling storage feasibility. 

 

The collaboration with oil and gas industry is critical for successful execution and meeting site-

specific objectives.  This depends on both the technical evaluation of the drilling prospects and 

understanding risk sharing and contractual aspects.  A full understanding of the objectives of 

each party and a clear upfront agreement of cost sharing and drilling responsibilities are 

important for avoiding disagreements in the field.  Obviously, the host companies are most 

interested in exploring for oil and gas and ensuring that the producing zones are not adversely 

impacted due to additional drilling, logging, or testing in the wells.  In this regard, it may not 

always be possible to achieve the objective of evaluating formations of interest for geologic 

storage, if the operators deem the risk to producing zones to be unacceptable.  
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1.0 INTRODUCTION 

Obtaining subsurface data for developing a regional framework for geologic storage of CO2 can 

require drilling and characterization in a large number of deep wells, especially in areas with 

limited pre-existing data.  One approach for achieving this objective, without the prohibitive 

costs of drilling costly standalone test wells, is to collaborate with the oil and gas drilling efforts 

in a piggyback approach that can provide substantial cost savings and help fill data gaps in areas 

that may not otherwise get characterized.  This leveraging with oil/gas drilling also mitigates 

some of the risk involved in standalone wells.  This collaborative approach has been used for 

characterizing in a number of locations in the Midwestern USA between 2005 and 2009 with 

funding from U.S. Department of Energy’s National Energy Technology Laboratory (DOE 

award: DE-FC26-05NT42434) and in-kind contributions from a number of oil and gas 

operators.  The results are presented in this final technical report.  In addition to data collected 

under current award, selected data from related projects such as the Midwestern Regional Carbon 

Sequestration Partnership (MRCSP), the Ohio River Valley CO2 storage project at and near the 

Mountaineer Plant, and the drilling of the Ohio Stratigraphic well in Eastern Ohio are discussed 

and used in the report.  All of these are listed in Table 1-1 below.  Data from this effort are also 

being incorporated into the MRCSP geologic mapping. 

 

Table 1-1.  List of all wells presented in this report and data collected 

 
 

1.1. History of the Piggy Back Concept in Midwestern Region 

This unique project to collect regional data on deep saline reservoirs began following the drilling 

and characterization of the AEP #1 research well at the Mountaineer site in New Haven, West 

Virginia under a previous DOE funded effort.  An opportunity to expand knowledge of reservoir 

Well Name County State Datum Drilled by TD
Triple 

Combo

Array 

/Dipole 

Sonic

Image 

Log

Magnetic 

Resonance

Wireline 

Pressure 

Test

Elemental 

Spectroscopy

Geomechanical 

Processed Log

AEP#1 Mason WV 608 AEP/ Battelle 9,190 x x x x x x

Batten & Baird K-2605 Pike KY 2185 Blue Flame Energy Corp. 5,036 x x

Dager #1 LICKING OH 958 Knox Energy LLC 4,972 x x x x

DEVCO Unit #1 GUERNSEY OH 1080 Hill 8,912 x x x x

Duke Energy 1 Boone KY 535 Duke Battelle 3,700 x x x x

FEGENCO #1 BELMONT OH 690 Fisrt Energy/ Battelle 8,381 x x x x x x

Frankovitch #1 Hancock WV 1251 Buckeye Oil Production 5,766 x x x x

Jarrell Gallia OH 590 Bakerwell 7,151 x x x

Lee Family Trust #1 MORROW OH 1028 Knox Energy LLC 4,058 x x x

McCoy #1 KNOX OH 987 Knox Energy LLC 5,207 x x x x

McKelvey #3 Meigs OH 570 Murphy Oil Company 9,082 x

Miley #1 NOBLE OH 921 Murphy Oil Company 8,825 x x

Ohio Stratigraphic Test Well Tuscarawas OH 927 Ohio Geological Survey / Battelle 8,695 x x x x x x

Pomarczynski 6-35 Otsego MI 1114 Core Energy LLC 3,560 x x

Raynor #1 Gallia OH 633 Knox Energy LLC 2,990 x x x x

St. Hart & Fuerhing OCEANA MI 1201 Omimex Group 6,870 x x x x x x

State Charlton & Boeve 2-6 Otsego MI 1210 Core Energy LLC 3,808 x x x

State Charlton 4-30 Otsego MI 899 Core Energy LLC 3,615 x x x x x x

State Charlton C3-30A OTSEGO MI 1171 Core Energy LLC (recomplete) 3,600 x x x
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potential in the lower Ordovician Rose Run sandstones and the Copper Ridge dolomite near 

Mountaineer was identified and availed through adding a “piggy-back” stratigraphic test 

expansion to the drilling of the Jarrell #1 well in Gallia County, Ohio.  Jarrell #1 is located about 

25 miles southwest of the Mountaineer site, and was followed by additional participation in 

drilling and characterization at the Miley #1, 65 miles northeast of the Mountaineer site.  Since 

that time, four more wells have been added to the Mountaineer site under a privately funded 

program, leading to enhanced understanding of geologic storage related properties and continuity 

of deep formation in the area.  The success of the initial piggyback drilling effort at the 

Mountaineer plant was followed by funding of the current project to expand the approach to 

broader Midwestern region starting in 2006, as well as, a limited such effort under MRCSP.  

Overall, these data have helped validate the potential for storage capacity, or lack thereof, and 

injectivity in deep saline reservoirs in Ohio, Michigan, West Virginia, and the regional integrity 

of seals to contain sequestered CO2.  This project has produced a data set acquired with modern 

tools that is without comparison in the United States (U.S.), and one that will provide critical 

rock, fluid, geochemistry, and geophysical parameters for numerous future studies.  In addition, 

the evaluation of modern well logging tools has resulted in the development of a site 

characterization toolbox that is invaluable for sequestration projects being initiated across the 

country.  

 

1.2. Objectives 

The overall objectives of this project are to develop an improved understanding of the geologic 

formations in the Midwestern United States and, in the process, identify formations of interest 

for CO2 storage and determine the geologic patterns in their regional distribution.  These 

formations may represent potential storage reservoirs or containment layers.  The emphasis in 

developing this framework is on obtaining information needed for quantitative assessment of 

geologic storage potential such as formation thickness, structural controls, permeability, and 

porosity data.  Ultimately the comprehensive assessment of the compiled data, along with 

knowledge of the sedimentary history of the area, can be used to develop models and improve 

predictability of sequestration targets and containment zone seals in this region.  The project 

supports the Department of Energy’s (DOE’s) overall goal of developing safe, effective, and 

low-cost geologic sequestration options and specifically helps with measurement and verification 

of the geologic storage potential in a critically important region that is heavily dependent on 

coal-based power generation (Figure 1-1). 

 

1.3. Summary of Results 

Approximately 40 geologic units that could function as reservoirs and seals were reviewed and 

analyzed to varying degrees with the following as examples of site-specific evaluations: 

  

 Confirmed regional reservoir-quality porosity in the Rose Run of southeastern Ohio; 

extended knowledge of the areal distribution of the recently identified Lower Copper 

Ridge “B” sandstones in the vicinity of American Electric Power (AEP) #1 well at 

Mountaineer Plant. 

 Evaluated the dolomite porosity and permeability associated with hydrocarbon 

production in the Trempealeau “B” Zone in Licking County, OH.  
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Figure 1-1.  Regional map of major CO2 sources.   
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 Related the development of the upper Conasauga Kerbel sandstones to local 

erosional surfaces in central Ohio. 

 Evaluated reservoir characteristics of Upper Devonian sandstones that may have 

downdip sequestration reservoir potential in the Appalachian Basin. 

 Used modern computer integrated logs to evaluate porosity and permeability 

associated with gas shows in the Salina carbonates and evaporates in Eastern Ohio. 

 Established methodology for unraveling stratigraphic packaging and correlation units 

in thin cyclic carbonates and evaporates. 

 Generated data to supplement existing structure, isopach and sand maps in areas 

favorable to potential sequestration.   

 Tested a wide variety of modern wireline logs; developed a best practices toolkit for 

evaluating and characterizing Lower Paleozoic sequestration reservoirs and seals.   

 

A large quantity of new data was obtained that is now available for regional studies using a 

combination of traditional logs and modern logs seldom used in the Midwest or Appalachian 

region; including image logs, Nuclear Magnetic Resonance (NMR), reservoir 

testing/permeability/pressure tests  

 

Specific information, details and analysis of Battelle’s findings are discussed in length later in 

this report and summarized below. 

 

The highest potential for the regional CO2 sequestration reservoirs include:  

 

 Shoreline parallel sandstones, commonly located immediately below or above major 

unconformities 

 Strike parallel St. Peter sandstones along the western margin of the Michigan Basin   

 The down-dip water saturated portion of hydrocarbon reservoirs 

 Deep Formations (below regional hydrocarbon oil and gas production zones)  

 Zones that may otherwise be considered “Drilling Nuisances” for oil and gas drilling 

 Locally and sub-regionally developed karst features in carbonate formations 

 Localized porosity development above reefs and erosional remnants. 

 

The first order control on the geologic development of potential commercial-scale sequestration 

targets in these formations is the large-scale development of basins, arches and unconformities 

which control their location and reservoir quality. 

 

 Erosion and non-deposition of sedimentary rock, coupled with shallow depths to 

basement rocks greatly decrease the number of potential sequestration targets across 

arches geologic province in western Ohio and northern Kentucky.    
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 The quality of sandstone reservoirs depends on the sources of sand, settings that 

concentrate sand, and development and preservation of porosity 

 Carbonate reservoirs may develop reservoir quality porosity and permeability 

through depositional or diagenetic processes.  Some of the most common diagenetic 

processes are dolomitization, karstification and development of vugs.  These 

processes may enhance or occlude reservoir quality.  Extensive geologic exploration 

especially targeted towards carbonate reservoirs is needed to further map such zones. 

 

Downhole geophysical wireline logs are a common and well-established technology in oil and 

gas exploration.  However, these logs have not been collected across the types of rocks units that 

are pertinent for sequestration.  The following wireline tools appear particularly useful for 

guiding future efforts in the region: 

 

 Spectral gamma allows separation of shaley carbonates from “hot” but clean 

dolomites; also helpful in complex lithologies to detect real porosity.   

 Computer integrated logs permit better resolution of heterogeneous lithologies and 

identification of mineralogy. 

 Resistivity based image logs resolve textures, grain size, sedimentary structures, and 

bedding, and are invaluable in detecting subtle faults and fracture zones. 

 

New data produced by this project suggest that the storage potential of the following geologic 

units should be further explored (listed from youngest to oldest): 

 

 Berea Sandstones located below 3,000 ft below ground surface (bgs) 

 Oriskany Sandstone and its relation to underlying eroded Helderburg limestones; 

controls of localized areas of high permeability and porosity 

 Distribution and characterization of secondary porosity in carbonates located below 

unconformities  

 Salina Dolomites and relation of basin paleogeography to porosity development 

 Clinton Sandstone and what conditions are conducive to reservoir development 

 Beekmantown and Trempealeau Dolomite erosional remnants 

 Rose Run Sandstone and controls on in depositional thickness and net sand  

 Extent of Lower Copper Ridge “B” Sandstone in southeast Ohio; extending the 

mapping of the stratigraphically higher Trempealeau “B” porosity in Licking County 

 Relation of porosity to depositional environments in Mt Simon Sandstone  

 PreCambrian Middle Run siliciclastics, their distribution and porosity development  

 

Table 1.2 provides a summary of the wells discussed in the report, the data collected for each 

well and significant findings for each.  
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Table 1-2.  List of wells and summary of major findings 

  

Well Name County State Findings 

AEP#1 Mason WV Basal Sand not present, Discovered good porosity in Lower Copper  
Ridge, Modest Porosity in Rose Run 

Batten & Baird K-2605 Pike KY 
Laboratory Core analysis shows that Lower Huron Shale is well  
suited for CO2 Adsorption in shale layers 

Dager #1 LICKING OH 

The basal sand was absent and the Conasauga sharply thinned 
over a Precambrian high. Trempealeau ”B” showed 8% porosity 
and 1 mD permeability via density-neutron-magnetic resonance 
logs. 

DEVCO Unit #1 GUERNSEY OH 

Devco had a regionally developed Rose Run (modest reservoir)  
Basal Sand was developed better than anticipated . Well was  
completed open hole and subsequent injection rates are said to be  
excellent (see text) 

Duke Energy 1 Boone KY 
Rose run had unexpectedly good reservoir development , however  
its too shallow for sequestration. Mt Simon tested as excellent  
Reservoir in this MRCSP well   

FEGENCO #1 BELMONT OH 

Poor reservoir development in  the Clinton  Sand  
Presumed Salina Reservoir as indicated by gas shows could not be  
confirmed by reservoir testing, Oriskany failed to indicate viable  
reservoir potential in this MRCSP well.   

Frankovitch #1 Hancock WV 
Provided detailed reservoir data for the Oriskany. Initial tests /  
application of Magnetic Resonance and spectral gamma ray over  
gas productive shales.  

Jarrell Gallia OH Regionally developed rose run section (modest reservoir)  

Lee Family Trust #1 MORROW OH 

Due to tool availability and function, only basic density-neutron 
porosity tools were run. Basal sand mostly absent by non- 
deposition over basement high. Conasauga dolomite contained 
some arenaceous porosity (should be investigated regionally). 
Conasauga Kerbel sandstone is well developed. 

McCoy #1 KNOX OH Basal sand mostly absent by non-deposition over basement high. 

McKelvey #3 Meigs OH Showed that the porosity in the Lower Copper Ridge discovered in  
the AEP #1 has at least semi regional extent 

Miley #1 NOBLE OH Regionally developed rose run section (modest reservoir)  

Ohio Stratigraphic Test Well Tuscarawas OH Unexpectedly poor reservoir development in the Basal Sand, also  
poor reservoir development in the Rose Run 

Pomarczynski 6-35 Otsego MI The Bass Islands Dolomite has good reservoir development, which  
shows continuous relatively high porosity  

Raynor #1 Gallia OH Extensive core collection from which to characterize Devonian  
shales  

St. Hart-Feuring  OCEANA  MI In this area the St. Peter sand represents some of the greatest  
potential for large, commercial scale CO2 sequestration 

State Charlton & Boeve 2-6 Otsego MI The Bass Islands Dolomite has good reservoir development, which  
shows continuous good porosity  

State Charlton 4-30 Otsego MI 

The predominant porosity and permeability likely stem from the  
rock matrix in the Bass Islands formation.  The orientation of  
drilling induced fractures observed on the image log also support  
the regional horizontal stress regime in this MRCSP well 

State Charlton C3-30A OTSEGO MI The Bass Islands Dolomite has good reservoir development 
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2.0 REGIONAL GEOLOGIC SETTING 

The age, quality, thickness and extent of reservoirs and seals in the study area are strongly 

controlled by a number of geologic factors, including the topography of PreCambrian basement, 

configuration and formation of proto basins and arches, the Cambrian development of the Rome 

Trough, and basin development and tectonics during and after Ordovician.  Many of these 

formations and their preliminary storage or confinement potential is discussed in MRCSP Phase 

I regional geology report (Wickstrom et. al., 2005).  Thick sequences of Lower Paleozoic 

sedimentary rocks accumulated in broad or confined basins (the Illinois Basin in the southwest, 

Michigan Basin in the North, and Appalachian Basin in the southeast), and relatively thin 

sequences over the Kankakee, Cincinnatian, and Findlay Arches (Figure 2.1).  Ordovician and 

later tectonic events to the east enhanced localized uplift and erosion, and eventually led to 

subsequent reworking and deposition of shoreline parallel sands that form potential CO2 storage 

target zones.  The wells in this study are primarily located along the western margin of the 

present-day Appalachian Basin and secondarily, in the Michigan Basin. 

 

 

Figure 2-1.  Regional Geologic Structures of Paleozoic-Aged Sedimentary Formations 

 

Reservoir and seal mineralogy are important for understanding origin and preservation of storage 

capacity and injectivity, pore-scale hydraulics, and rock-fluid interactions.  The mineral 

composition of Paleozoic rocks in the study area closely reflects the sediment sources, and the 

depositional and diagenetic environments.  Cambrian rocks record sea level transgression over 
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truncated PreCambrian rift volcaniclastic and the arkosic siliciclastics of Middle Run in the study 

area west of the Grenville front, and over more silica-rich metamorphic and igneous basement 

rocks of the PreCambrian Grenville Province to the east.  The resulting Cambrian reservoir and 

seal potential reflects this paleogeography and distance to the source of immature siliciclastics.  

Cambrian siliciclastics are more arkosic west of the Cincinnati Arch, and reflect eastward 

sediment starvation and development of broad, shallow carbonate depositional environments 

shelves that deepen eastward and southward into the Rome Trough.  Cambrian sandstones in the 

eastern part of the study area tend to be more limited, but are more texturally and mineralogical 

mature (Wickstrom et al., 2005).   

 

Several thousand feet of Lower Paleozoic sedimentary rocks overlie the Cambrian basal 

sandstones and correlative carbonates and shales of the Rome Trough.  These younger strata are 

dominated by thin transgressive sandstones and thick high sea level carbonates on broad arches, 

and by thick shales and localized reef carbonates in the basins, Rome Trough, and developing 

Appalachian Basin.  This area is noteworthy for the development of restricted basin conditions 

that allowed the precipitation of thick salt and anhydrite layers.  Figure 2.2 summarizes the 

general stratigraphy of the study area.  Many of the strata are laterally continuous and can be 

traced throughout much of the region, an important characteristic for both CO2 reservoir 

candidates and seals.  In general, sandstone formations comprise potential injection reservoirs, 

whereas dolomite, shale, and limestone layers generally provide containment above injection 

intervals.  The piggyback wells that have provided new information on the extent and quality of 

injection and containment targets are shown in Figure 2.3.  Figure 2.4 displays a 3-D block 

diagram of the piggyback wells located in Ohio. 

 

2.1. Discussion of Important Strata 

2.1.1 Pennsylvanian and Mississippian 

None of the Pennsylvanian or Mississippian rocks in the study area lie below 3,000 ft bgs, which 

is the approximate depth needed to ensure that CO2 stays in supercritical phase in subsurface 

reservoirs and to ensure a sufficiently thick overlying seal for secure vertical containment.  

Although rocks belonging to the Pennsylvanian and Mississippian subsystems were logged and 

their properties were recorded, they are not included in this report of potential sequestration 

targets and seals.   

  

2.1.2 Upper Devonian Siliciclastics  

The Upper Devonian siliciclastics in the eastern part of the study area belong to the Berea and 

older sandstones that developed in response to reworking of siliciclastics following regional 

exposure, or that (unlike older sandstones in the study area) represent deltaic and barrier island 

sandstones associated with westerly prograding clastic wedges.  These Upper Devonian 

sandstones were noted in all wells where they are present, but were specifically examined in the 

#1 Raynor (for sequestration potential deeper in the subsurface southeast of the current study 

area). 
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Figure 2-2.  Generalized Regional Stratigraphy for the Study Area 
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Figure 2-3.  Location of the Wells Discussed in this Report 
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Figure 2-4.  Block Diagram of Depths and Distribution of Ohio Wells in the piggyback Study 

 

Figure 2-5  East-West Dip Parallel Cross Section Western Part of Appalachian Basin 
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Figure 2-6  North-South Strike Parallel Cross Section along Ohio-West Virginia Corridor 

 

The Cussewago (Second Berea) sandstone is a fine to medium grained quartz sandstone 

described as an offshore bar or barrier island sand deposited in the Red Bedford delta on the 

surface of the underlying Devonian shales.  It covers an area approximately 7 miles wide and 60 

miles long on a north-south axis, in West Virginia near the Raynor #1.  The Cussewago was thin 

at the Raynor #1, and appears to be at the very edge of a bar, with a net sand thickness of 5 ft, 

and an average porosity of 10%. 

 

In contrast, the First Berea sandstone is present across eastern Ohio as very fine-grained shelf 

sandstones that crop out near the central part of the state along a north-south line, and is well 

known from surface geology and from hydrocarbon exploration.  The unit is typically 5 to 40 ft 

thick.  In the Raynor #1, the Berea is a single 22 ft thick, with log porosity of 10 to 14%.   

 

The Cuyahoga interval consists of shales and siltstones.  The Weir sandstone, which is a regional 

hydrocarbon target in West Virginia and eastern Kentucky, may be present in the middle of the 

Cuyahoga.  Although the Weir is present in a nearby well, it is absent in the Raynor #1.   

 

The Black Hand (Big Injun) Sandstone is variously described as a channel fill or depression fill 

deposit, and is productive of oil and gas.  Its thickness varies widely from 400 ft to 0 over 

distances as short as one-quarter mile.  The Black Hand has a distinctive log signature, and is 

140 ft thick at Raynor, with up to 20% porosity.  Where wet in the deeper subsurface of the 

Appalachian Basin, this formation may form an attractive sequestration target.    
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2.1.3 Upper Devonian Shales  

The Devonian shales range in thickness over the study area, and thicken dramatically into the 

Appalachian Basin.  These shales, which provide excellent containment for underlying 

sequestration reservoirs, are divided into three main units: Chagrin, Cleveland and Upper Huron, 

the Lower Huron, and the Olentangy.   

 

The organic-rich Lower Huron has received considerable attention from drillers because of the 

potential for gas production.  Several wells have been drilled to test the Lower Huron in Gallia 

County, Ohio, but there has been no commercial gas production to date.  However, in Kentucky 

to the south and West Virginia to the east there is abundant production from the Lower Huron.   

 

2.1.4 Lower Devonian - Silurian Units   

The upper Lower Devonian Sylvania quartz sandstones are confined to southeastern Michigan 

and northwestern Ohio and grade laterally into sandy limestone and dolomite towards the north 

and west in the Michigan basin.  The Sylvania is the basal formation of the Detroit River Group 

and, along with the Bois Blanc and Garden Island formations, overlies the base Kaskaskia 

unconformity.  The Sylvania Sandstone, based on wireline log picks, ranges from about 10 ft 

thick in northeastern and southwestern areas of the Michigan basin to about 350 ft in 

southeastern Michigan.  This sand was the target of the Core Energy-State Charlton #4-30 well 

in Charlton Township, Otsego County, Michigan that was drilled for the purpose of a small 

volume CO2 injection test.  The Sylvania was not present in the well which allowed the 

remapping of the distribution of this sand. 

 

The driller’s Big Lime of central and eastern Ohio and West Virginia includes the Onondaga, 

Bass Island, Salina, and Lockport units, and is regionally composed of a succession of primarily 

nonporous limestone, dolomite, and anhydrite beds.  In some local areas, the Bass Island and 

Lockport may be porous, most commonly yielding water, but in some instances producing oil or 

gas. 

 

The Oriskany sandstone is a transgressive sandstone associated with an underlying 

unconformity, and can be poorly developed with regard to both areal distribution and reservoir 

quality.  Within the study area, it is expected to be better developed and better preserved to the 

east, in West Virginia.  Locally, the Oriskany may be developed as sands in the erosional 

topography of the underlying Helderberg limestones. 

 

The Bass Island is the uppermost part of the Salina group and is truncated by unconformities 

related to the profound regional Sauk unconformity.  The unit changes regionally from reservoir 

quality porous and permeable, karst overprinted dolomite in the northern Michigan Basin, to a 

low porosity, low permeability limestone in much of the southern part of the study area.  The 

Bass Island in southern Ohio reflects restricted shallow water environments and contains minor 

anhydrite and minor to abundant amounts of chert near its base. 

 

The Salina group below the Bass Island represents over 1,000 ft of interbedded dolomite, 

anhydrite, and salt, and records the development of restricted salt basins and Silurian 

paleotopography.  Wellbore conditions frequently require a change to fluid drilling at the top of 
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this unit due to the increase in evaporates, particularly salt.  Anhydrite samples are white to light 

gray, and dense.  Dolomites are generally micro- to very finely crystalline, but near the top of the 

unit, cuttings samples can become finely sucrosic.  Gas shows were observed in some of the 

Salina dolomites.  It is probable that the actual lithology of the Salina is more complex than a 

simple anhydrite and dolomite mix, and likely contains a host of associated evaporate accessory 

minerals, such as polyhalite that can cloud log derived estimations of rock type and porosity.  In 

the #1 Ohio CO2 well, salts, anhydrites and thin cyclic carbonates are well developed, and 

computer integrated logs were extremely helpful in determining the little known sequence 

stratigraphy of this interval in Ohio, and in identifying the most robust markers and packages for 

local and regional correlation. 

 

The Lockport, or driller’s Newburg, is composed of limestone and dolomite.  Textures are 

micro- to medium crystalline throughout.  The Newburg contains noxious gas and black sulfur 

water in some areas and can be a drilling hazard. 

 

The Rochester shale is considered a confining layer or seal that consists primarily of light to 

medium gray, calcareous shales. 

 

2.1.5 Lower Silurian - Upper Ordovician Units   

The Clinton sandstones are fairly homogenous, with generally excellent (to 12%) porosity.  They 

are characterized by well cemented, well sorted, very fine grained quartz sand, and are 

commonly gas-charged throughout eastern Ohio.  The underlying Red Clinton sandstones are 

much less well developed and grade into redbeds, in part.  These sandstones form overlapping, 

shingled sand bodies, striking slightly northeast-southwest in eastern Ohio (Wickstrom et al., 

2005), and represent near-shore winnowing of fine siliciclastic sediment.  The Clinton grades 

westward into carbonates. 

 

The Medina Group is dominated by shales and siltstones with lesser amounts of sandstone and 

carbonates.  The sediments of this group reflect deposition in shoreline, shallow shelf and delta 

environments, and are closely linked to the erosion of clastic material from exposed areas.  

Regionally, the gamma and density log expression of this interval suggests sand development 

that is not usually supported by porosity calculations.  The regional evaluation of this interval 

through the piggyback project may help identify geographic areas where grain size and 

associated reservoir quality increases. 

 

The Trenton and Black River limestones are prolific oil and gas producers in the northwestern 

part of Ohio where high angle reverse and strike-slip faults allow upward migration of 

dolomitizing fluids, and the development of secondary porosity.  Elsewhere in Ohio, the 

necessary structural components to foster reservoir development are rare and these units are 

compact, nonporous limestones.   

 

The base of the Glenwood Shale/Wells Creek Limestone locally develops sandstones related to 

transgression over the underlying Knox unconformity.  In the Michigan and Illinois Basins, this 

is the well-developed St. Peter quartz arenite, with well rounded, frosted multi-cycle sands.  In 

the #1 Hart Feuring well in western Michigan, the St. Peter is 400 ft thick and develops up to 

20% porosity.  Although the St. Peter is expected to develop pore-occluding cements with 
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increasing depth into the Michigan Basin, this sandstone represents some of the greatest potential 

for large, commercial scale CO2 sequestration.  Interestingly, the St. Peter is some 1,100 ft thick 

in the central Michigan Basin and may have no appreciable hiatus at the base (Wickstrom et al., 

2005).  The St. Peter appears to thicken into the Rome Trough in northern Kentucky.  In contrast, 

in Ohio and West Virginia, the St. Peter or positionally equivalent “unconformity sands,” are 

thin with low porosity and permeability, and are not potential sequestration reservoirs.   

 

2.1.6 Lower Ordovician - Cambrian Units  

The lower Ordovician Beekmantown in eastern Ohio is a microcrystalline to coarsely crystalline 

dolomite that is truncated by the regional Knox unconformity.  Where Beekmantown erosional 

remnants stood above the regional erosional base along the slightly northeast southwest tending 

subcrop belt, secondary vuggy and karstic porosity occasionally develops and the resultant 

reservoir can produce oil, gas, or water. 

   

The Rose Run is the most important and widespread of the sand packages that are concentrated 

by erosion on the craton.  Figure 2.7 shows the known lateral extent of the Rose Run.  The Rose 

Run does not develop on an unconformity, but is instead marginal to a frequently exposed and 

eroded craton.  The Rose Run has gradational contacts with the overlying Beekmantown and the 

underlying Copper Ridge/Trempealeau (Riley et al., 1993).  In addition to developing 

hydrocarbon production in the northeast-southwest trending subcrop belt, the Rose Run can also 

be productive downdip in locations where there is structurally controlled four-way closure.  Rose 

Run sandstones are laterally and vertically gradational with dolostones and are shoreline parallel 

deposits that trend north-northeast.  The sand is sourced from the north and west, likely in 

response to exposure of the craton and subsequent erosion during eustatic sea level fall (Riley et 

al., 1993).  The AEP #1, Miley #1, and Jarrell #1 wells were integrated into a regional 

assessment of the Rose Run reservoir.  The location of these three wells essentially traces the 

regional structural strike of the reservoir.  Because the sediment source is from the north and 

west, these wells describe a distal depositional front for the sands. 

 

The sandstones generally have a net thickness of 100 to 125 ft.  Along the Rose Run subcrop, net 

sands of 50 ft are common, and individual sands may reach 30 ft in thickness.  Porosity can 

exceed 20% and permeabilities can be in excess of 100 millidarcy (mD).  Reservoir quality is 

enhanced by unconformity related dissolution of dolomite cement and feldspar grains.  Downdip, 

the Rose Run retains its full thickness, but grades basinward to dolomite.  Among the piggyback 

wells, reservoir quality is best developed at the Jarrell #1 well in Gallia County, Ohio.   

 

In the southeastern part of the study area, along the Ohio-West Virginia border, the informally 

denoted Trempealeau “B” interval loses much of its central Ohio character and becomes more 

subtle in that there is less evidence of argillaceous material or attendant porosity.  In the 

southeastern region it is not perceived as a source of fluids or porosity that impinge on matters of 

either drilling or sequestration. 

 

Neither the Lower Copper Ridge nor any of the underlying formations are known to be oil and 

gas productive within the study area.  For this reason, penetrations are relatively few in number 

and commonly attended by poor records and/or analysis.  The Lower Copper Ridge is generally 

encountered as a competent, dense, finely textured, light colored dolomite, and it has historically 
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been regarded as a non-reservoir rock.  The group of AEP wells at the Mountaineer plant site 

was the first to recognize and quantify moderate to significant porosity and permeability within 

the Lower Copper Ridge.  Though originally suspected as being a unique, nearly site-specific 

condition, additional work has proven that the reservoir conditions first seen at the Mountaineer 

site can be found at least 12 miles distant.  This opens the possibility of unrecognized 

sequestration targets on at least a semi-regional scale. 

 

Underlying the Knox Super Group (Beekmantown, Rose Run, Trempealeau, and Lower Copper 

Ridge) west of the Cincinnati Arch is the Eau Claire, and east of the Arch is the Conasauga 

Group.   

 

The Eau Claire is a thick accumulation of interbedded shale and dolomite, with the transitions 

between lithologies being commonly blurred.  Some quartz sand may be present and this, in 

concert with an occasionally coarsely crystalline dolomite, gives the false visual impression of 

porosity.  Where the Eau Claire is quantitatively measured, it shows little or no porosity or 

permeability and is considered as a confining layer. 

 

East of the Cincinnati Arch, the Conasauga Group is an eastern lateral equivalent of the Eau 

Claire and the Mt. Simon below it.  Figure 2.7 shows the known lateral extent of the Conasauga.  

The Conasauga contains several more or less distinctive lithologies.  These include the upper 

Kerbel sandstone facies in central and northwestern Ohio, and a thin but pervasive unnamed 

basal sand.  The great bulk of the Conasauga is a dense, finely textured dolomite that may be 

distinctively argillaceous in its upper section. 

 

The Kerbel sandstone in central and northern Ohio is contained in the uppermost portion of the 

Conasauga Group and is largely equivalent to the Galesville sandstones of northern Indiana and 

southern Michigan.  In the Lee, McCoy, and Dager wells of central Ohio, the Kerbel grades from 

a calcareous sandstone at the bottom to a sandy dolomite at the top, and has porosities up to 17% 

and permeabilities up to 100 mD.  This could be an important sequestration target in these areas.  

These sands appear to be shallow shoreline-parallel features, perhaps related to PreCambrian 

erosional highs or temporary exposure and reworking of Mt. Simon.  Elan or similar composite 

logs are especially helpful in analyzing these sands. 

 

The basal Cambrian sands that are transgressive onto the eroded PreCambrian surface exhibit 

regional stratigraphic and lithologic complexity.  There are two major groups of basal sandstone 

units within the study area.  The first is the Mt. Simon of the Illinois and Michigan Basins 

(western Kentucky, Illinois, Indiana, Michigan, and western Ohio).  The second is the unnamed 

dolomitic basal sandstones of the Conasauga Group of the Appalachian Basin (eastern Kentucky, 

eastern Ohio, western Pennsylvania, and West Virginia). 

 

In the western and northern parts of the study area, the Mt. Simon consists of texturally and 

mineralogically immature, arkosic and shaly lithologies in the lower part, and more mature 

sandstones in the upper part of the unit.  The Mt. Simon thins dramatically over the PreCambrian 

basement rock and pinches out across the Cincinnati Arch.  Its eastern lateral equivalent is the 

basal sand of the Conasauga Group.  This unit consists of interlayered dolomite and sandstone, 

with the sand content steadily diminishing eastward. 
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On the southeastern side of the downthrown step faults that mark the northwestern edge of the 

Rome Trough, the thick basal or near-basal sands are referred to as the Rome sand.  Because the 

Rome sand represents deep basin fill, it is generally regarded as being older than the Mt. Simon 

or Conasauga, and it can be several hundred feet thick close to the faults.  Gas shows are known 

from the Rome but it has not been productive to date.  Because of its considerable depth (>8000 

ft) and difficult drilling conditions, it is rarely penetrated and remains a frontier for study. 
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Figure 2-7.  Map highlighting the known lateral extent of the Mt. Simon and Rose Run sandstones. 
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3.0 WELL SUMMARY AND LOG ANALYSIS 

This section includes the details of the drilling, logging, and geological interpretations for the 

wells drilled under the current the project, as well as, selected wells drilled under other Battelle 

projects, which are included here for regional context. 

 

3.1. Dager Well 

The Knox #1 Dager well was drilled to about 5,000 ft in Washington Township, Licking County, 

Ohio.  This was one of three wells (#1 Lee, #1 McCoy, and #1 Dager) drilled to delineate a 

PreCambrian erosional high in central Ohio.  This well is in a stratigraphically important little 

understood area where the Lower Paleozoic rocks may thin abruptly, over PreCambrian 

erosional remnants that can develop considerable relief, and where the Mt Simon Sandstone 

typical of the Cincinnati Arch region transitions into less well defined Conasauga Sandstones of 

Appalachian Basin.  The Table 3-1 below details the formations and their corresponding depths 

as well as core depths and gas shows.   

 

Table 3-1.  #1 Dager well formation tops. 

Formations (lithologies) Driller Logger Notes 

Ground level elevation  950  950  

Kelly bushing (datum)  958  958  

Surface casing set to:  589  584  

Sunbury sh.  420-472  

Berea ss.  472-477  

Chagrin/Cleveland sh (undiff)  477-885  

Upper Huron sh.  885-996  

Middle Huron sh.   996-1058  

Lower Huron sh.  1058-1250  

Olentangy sh.  1250-1360  

Onondaga ls.  1360-1468  

Bass Island dol.  1468-1495  

Salina dol/anhydrite  1495-2002  

Lockport dol.  2002-2093  

Niagaran sh.  2093-2188  

Packer Shell dol.  2188-2206  

White Clinton ss.  2218-2246 cores @ 2230, 2240 

Queenston sh.  2350-2585  

Utica sh.  2585-3315  

Point Pleasant sh.  3315-3543  

Trenton ls. 3538-3700 3543-3704 core @ 3600 

Black River ls. 3700-4078 3704-4095 cores @ 3800, 4000 

Gull River ls. 4078-4125 4095-4150 core @ 4110 

Lower Chazy ls/sh 4125-4147 4150-4168  

Glenwood sh/dol 4147-4172 4168-4184  

Trempealeau dol. 4172-4268 4184-4286 260 units gas @ 
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Formations (lithologies) Driller Logger Notes 

4176 cores @ 4191, 

4230, 4255 

Trempealeau “B” dol. 4268-4352 4286-4368 cores @ 4300, 4306, 

4322, 4312, 4351, 

4356, 4361 

Lower Copper Ridge dol. 4352- 4368-4628 wtr out & chg to 

fluid @ 4440 cores 

@ 4465, 4560 

Conasauga dol/sh 4670-4753 4628-4746 cores @ 4635, 4660, 

4690, 4720, 4732 

Rome dol. 4753-4908 4746-4912  

PreCambrian granite 4908- 4912- cores @ 4930, 4950 

Total depth 4962’ 4972  

 

The Trempealeau at 4,184 ft is the first potential target encountered below a depth of 3,000 ft 

bgs.  The upper surface of the Trempealeau is eroded by the Knox unconformity.  Where 

remnants stand above the regional erosional base, reservoir quality secondary porosity may 

develop.  In this well the maximum porosity development was 7% over an eight-foot interval.  A 

small gas show was associated with this thin porosity development.  The magnetic resonance log 

shows permeabilities ranging from 0.1 to 4 mD with the highest values appearing near the top of 

the interval.  These values correlate well with porosity measurements from the triple combo log 

(Figure 3.1).   

 

 

Figure 3-1.  Magnetic resonance and triple combo logs from the Dager site correlate well to show 

permeability and porosity, respectively.   

 

In this approximately 5,000 ft deep well, all but the lowermost 150 ft of the section generally 

conform to regional characteristics.  The most interesting section is the Cambro-Ordovician 

Trempealeau “B” zone which occurs between the Trempealeau/Upper Copper Ridge and the 
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Lower Copper Ridge dolomite.  This is one of the few occasions where sufficient cores and 

wireline logs were available to help define reservoir characteristics of a widely recognizable log 

marker that until now has been poorly understood.  Regionally, the “B” zone consists of low 

porosity, finely crystalline dolomite with minor shale stringers that may increase toward the base 

of the zones.  The elemental spectroscopy log showed that, locally, this zone consists of 

predominately carbonate minerals (dolomite) with varying minor amounts of quartz and feldspar.  

Wireline logs generally indicate greater porosity than cuttings samples would suggest.  In the 

vicinity of the #1 Dager, some wells have been prolific producers of oil and gas from the 

Trempealeau/ Copper Ridge “B” zone, confirming that the porosity represented on the wireline 

logs is, at least locally, not the result of mineralogical anomalies.  The Copper Ridge underlies 

the Trempealeau and both are part of the Knox group. The density logs show the “B” zone to 

have porosity ranging from 6 to 22%.  Figure 3.2 shows a neutron density crossplot of the 

Copper Ridge for the Dager site.  Magnetic resonance measurements concluded permeabilities 

range from 0.1 to 12 mD.  Again, porosity and permeability correlate very well with depth on the 

wireline logs suggesting they are interdependent variables.  Water was encountered near the base 

of the “B” zone and forced a change to fluid drilling.   

 

 

Figure 3-2. The cross plot of NPHI vs RHOZ in the Copper Ridge of the Dager Well. The data represents a 

mostly low to sparsely high porosity limey dolomite.  

 

The Lower Copper Ridge is a dense very fine, to fine crystalline dolomite.  No porosity develops 

that would be correlative to the Lower Copper Ridge along the Ohio River.  Occasionally, quartz 

and feldspar stringers seen on the elemental spectroscopy log can be associated with porosity and 

permeability spikes on the triple combo and magnetic resonance logs, respectively.  However, 

-0.05 0.05 0.15 0.25 0.35 0.5

NPHI - Thermal Neutron Porosity (Ratio Method)

3

2.8

2.6

2.4

2.2

2

1.8

R
H

O
Z

 -
 1

0
  
  
  
H

R
D

D
 S

ta
n
d
a
rd

 R
e
s
o
lu

tio
n
 F

o
rm

a
ti

SULFUR

LANGBEINITE

POLYHALITE

SALT

PORO
SIT

Y

APPROXIMATE
GAS

CORRECTION

A
N
H
Y
D
R
IT

E

D
O

LO
M

IT
E

LIM
ESTO

NESAND
STO

NE

0

0

5

10

15

20

25

30

35

40

0

5

10

15

20

25

30

35

40

45

0

5

10

15

20

25

30

35

40

45

4200

4250

4300

4350

4400

4450

4500

4550

4600

4650

NPHI

(-0.05-0.5)

RHOZ

(3-1.8)

WELL: 34089258170000 - Dager J #1  (997 samples)

Neutron Density Crossplot: Copper Ridge

PETRA 11/24/2009 2:27:35 PM



DE-FC26-05NT42434 Final Technical Report 

Battelle, December 2009 

22 

 

the stringers represent only approximately 30 ft of net thickness with no appreciable porosity or 

permeability values to indicate a reservoir grade formation. 

 

The Conasauga at 4,628 ft consists of very fine to finely crystalline dolomite with minor shaley 

intervals.  The gamma ray log has mild activity and may be reacting to potassium in the 

dolomites and clays.  Although porosity values range from 2 to 14% there is no indication of 

reservoir quality permeability in this interval.  Figure 3.3 shows a neutron density crossplot for 

the Rome member at the Dager site. 

 

 

Figure 3-3. This cross plot is a NPHI vs. RHOZ of the Rome formation in the Dager well. Values indicate a 

low porosity somewhat limey dolomite.  

 

The Conasauga is dense nonporous dolomite, which is sandy at the base and thins locally by 

about 200 ft as a result of onlap onto the basement erosional high.   

 

There is no accumulation of basal sand/Mt Simon on the bare PreCambrian remnant.   

 

The well was drilled approximately 75 ft into the PreCambrian basement.  As is typical for the 

eastern part of Ohio, the basement rock is granitic in composition. 
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The drilling results of three wells (#1 Lee, #1 McCoy, and #1 Dager) confirm that a high 

standing PreCambrian erosional remnant underlies the Paleozoic sedimentary rocks in the #1 

Dager.  Differential compaction has passively created a structural dome over this remnant   

 

Sidewall cores were also taken from the Dager #1.  Table 3-2 gives results of the core analyses 

while Figure 3.4 shows pictures of the sidewall core samples. 

 

Table 3-2. Core analysis data from the Dager #1 well.  

Dager #1 

Depth (ft) 

Density 

(g/cc) 

Core 

Porosity 

(%) 

Core 

Permeability 

(mD) 

2230 2.676 9.22 0.473 

2240 2.653 9.63 3.67 

3600 2.683 0.42 NA 

3800 2.710 0.14 NA 

4000 2.702 0.38 NA 

4120 2.703 0.78 0.001 

4191 2.848 6.50 0.006 

4230 2.777 3.13 0.001 

4255 2.799 1.42 0.00003 

4300 2.722 5.22 0.063 

4305 2.696 9.03 0.116 

4322 2.671 1.12 0.075 

4332 2.706 2.29 0.002 

4351 2.685 11.36 1.53 

4356 2.641 13.69 3.58 

4361 2.757 2.79 0.006 

4465 2.836 0.30 0.0002 

4560 2.823 0.84 0.0001 

4635 2.713 8.16 0.098 

4660 2.686 5.57 0.018 

4690 2.690 1.41 0.004 

4720 2.727 3.73 0.001 

4920 2.639 0.85 0.0005 

4732 2.681 1.46 0.003 

4950 2.637 0.45 0.0003 
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Figure 3-4.  Photos of cores taken from the Dager Well.  

 

3.2. DEVCO Unit #1 

The #1 DEVCO Unit well was drilled in March 2008 in Guernsey County in eastern Ohio.  It 

had two objective sections, the Rose Run at approximately 7500 ft and the Conasauga basal sand 

at about 8700 ft.  The well was drilled approximately 80 ft into Precambrian basement rock to 

8896 ft.  Approximately 1 mile of 2-D seismic was acquired over the site prior to drilling 

displayed strong formation top reflectors with little faulting or fracturing (Figure 3.5) 

 

From a regional perspective it was anticipated that the Rose Run would be somewhat thin but 

otherwise within a setting where it is known that the unit has sufficient reservoir volume and 

quality to support commercial oil and gas production.  The Conasauga basal sand would be more 

or less on strike with the minimally developed basal sand tested in the #1 OGS CO2 well 35 

miles to the north.  Piggyback funding provided elemental spectroscopy, magnetic resonance, 

and sonic wireline logs in addition to basic logging suites.  

 

The Rose Run at this site shows occasional porosity streaks though only a net total thickness of 

roughly 15 to 20 ft (> 5%) over the interval.  The Conasauga basal sand generally showed 

porosity in the 6 to 10% range, and at least 35 ft of the 100 ft thick interval recorded porosity of 

6% or more. 

 

The Devco well was drilled for brine disposal and was completed openhole, with casing set 

down to the top of the Rose Run.  Early field reports are that the well takes 800 to 1000 bbls of 

brine daily with surface injection pressures not exceeding 300 psi.  It is presumed that most of 

this goes into the basal sand, and that the Rose Run is a secondary recipient.  It is not known that 
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any actual reservoir testing has been done on the well by the operatory after the initial logging 

and completion.  

 

 

Figure 3-5.  2-Dimensional seismic line near the DEVCO Well 

 

Core data Table 3-3 also provided valuable information on the Devco well relative to porosity 

and permeability measurements.  The only permeable zones in the selected sidewall cores were 

at 7517 and 7548 feet in the Rose Run Sandstone.  However, the brine injection performance in 

the well so far indicates that the overall injectivity may be greater than that indicated in the 

limited number of sidewall cores collected. 

 

Table 3-3. Core data from the Devco #1. 

DEVCO #1 

Depth (ft) 

Density 

(g/cc) 

Core 

Porosity 

(%) 

Core 

Permeability 

(mD) 

7512 2.686 4.74 0.013 

7516 2.637 7.22 0.573 

7517 2.637 6.24 1.62 

7548 2.632 8.20 8.27 

7550 2.636 5.42 0.751 
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7558 2.686 4.70 0.012 

7560 2.632 7.03 0.949 

7617 2.659 5.53 0.023 

7617 2.737 4.80 -- 

7898 2.850 2.56 0.001 

8714 2.694 4.71 0.029 

8716 2.647 5.21 0.088 

8718 2.645 5.68 0.054 

8765 2.605 6.47 -- 

8767 2.630 6.54 0.003 

8805 2.628 5.19 -- 

8840 2.745 0.49 0.001 

8850 -- -- -- 

 

3.3. Lee Family Trust Well 

The Knox Energy #1 Lee Family Trust in central Ohio was drilled to a total depth of 4,058 ft 

(driller), finishing about 27 ft into the PreCambrian, which is granitic at this site.  Knox Energy 

acquired and processed 2D seismic data survey that suggested a PreCambrian high at the site, 

and the #1 Lee was programmed as a wildcat to test Ordovician and Cambrian reservoirs all the 

way to basement.  The formation tops identified in this well are shown in Table 3-4.  Despite 

encountering several reservoir quality zones in the Cambrian, there was no evidence of oil and 

gas, and no indication of a structural trap.  The #1 Lee was plugged and abandoned as dry in all 

zones.  The #1 McCoy and #1 Dager wells were drilled as follow-up wells to further test and 

define the presence of the high-standing PreCambrian erosional remnant.   

 

At the time of logging the wellbore was in excellent condition, in gauge and entirely free of fill.  

Wireline logging included the basic gamma ray-neutron-density-photo electric suite as well as a 

digital sonic log and electron capture spectroscopy.  A combinable magnetic resonance tool was 

run to total depth but failed to self-calibrate and was set aside.  A resistivity-based imaging tool 

and a sidewall coring tool were delivered to location but could not be run due to mechanical 

problems with a failed air system on the logging truck. 

 

This well is far west of the Beekmantown and Rose Run erosional truncations, and the most 

shallow zone of interest in this well is the Cambrian Trempealeau (Upper Copper Ridge 

equivalent), here a low porosity, micro to coarsely crystalline dolomite that occurs between 

3,061 to 3,195 ft.  The upper surface of the Trempealeau is eroded by the Knox unconformity 

and can develop secondary porosity, especially where that upper surface represents a high-

standing erosional remnant.  Neither structure nor porosity development indicates remnant 

development at this site.   

 

 The underlying Trempealeau “B” zone (3,162 to 3,195 ft) is readily distinguished by a mildly 

warm gamma ray signature and low density.  In the #1 Lee, this signature coincides with the 
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presence of abundant glauconite, rather than shale.  Additionally, the processed geochemical log 

reveals varying amounts of quartz, dolomite and feldspar.  Regionally across Ohio, the “B” zone 

rock is generally a dense, argillaceous dolomite with shale stringers.  The Lower Copper Ridge 

(3,195 to 3,386 ft) is, as expected for this site, a relatively uniform dense low porosity dolomite.   

 

Table 3-4.  Lee well formation tops. 

Formations (lithologies) Wireline Depth Notes 

Ground level elevation 1020  

Kelly bushing (datum) 1028  

Surface casing set to: 1028  

Ohio sh.  (bedrock)     -375  

Onondaga (Big Lime) ls.  375-412  

Helderburg ls.  412-568  

Salina dol.  & anhyd.  568-1048  

Lockport ls. 1048-1200  

Niagaran sh. 1200-1270  

Packer Shell ls. 1270-1307  

Clinton (equiv.) ls. 1360-1504  

Ordovician sh.  (undiff) 1504-2255  

Point Pleasant/Utica sh. 2255-2432  

Trenton ls. 2432-2508  

Black River ls. 2508-2964  

Gull River ls. 2964-3017  

Lower Chazy ls./sh. 3017-3040  

Glenwood sh. 3040-3061  

Trempealeau dol. 3061-3162 7 unit gas show on fluid 

Trempealeau “B” dol. 3162-3195 poss.  zone of interest 

Lower Copper Ridge dol. 3195-3386 5 unit gas show on fluid 

Kerbel ss. 3386-3456 zone of interest 

Conasauga dol./sh. 3456-3563 possible zone of interest 

Conasauga Rome dol. 3563-3904 possible zone of interest 

Basal Sandstone. 3904-4026 zone of interest 

PreCambrian granite 4026-  

Total depth (drlr/lgr) 4058/4053  

 

The Kerbel (3,386 to 3,456 ft), as shown in Figure 3.6, is unconformity related uppermost 

Cambrian sandstone with limited areal extent in portions of central and northwestern Ohio.  In 

Canaan Township, it is 70 ft thick and possesses good to excellent porosity.  In the samples it is a 

friable calcareous cemented sandstone at the base to a dolomitic sandstone or sandy dolomite at 

the top.  The processed geochemical log confirms the composition of cuttings as predominately 

quartz based with minor amounts of dolomite and calcium carbonate.  Grain size coarsens 

upward from very fine to medium sandstone.  The base that coarsens upward fines downward 

from medium to very fine grained.  Porosity peaks at about 17% at the base and diminishes to 

about 6% at the top. 
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Figure 3-6.  Litho-Density Log Showing the Kerbel Sandstone (the Porosity Scale is from -10% to 30%). 

 

The Cambrian Conasauga (3,456 to 3,563 ft) contains a number of formal and informal units, 

and in the #1 Lee, consists of dolostones that reflect both local lithologic variation and regional 

facies changes.  Throughout eastern and much of central Ohio the Conasauga is an argillaceous 

dolomite with or without minor interbeds of shale.  In this well, the upper half of the unit is an 

argillaceous, calcareous dolomite.  The lower half of the formation contains a 40 ft thick section 

with 15% wireline log porosity in a sucrosic dolomite section that contains abundant glauconite 

and perhaps some silt.  Processed logs also indicate that the lower section of this formation could 

contain 10 to 15% water saturation.   

 

The Rome (3,563 ft) interval of the Conasauga is 341 ft thick at this site.  Though nominally a 

low porosity, low permeability dolomite, the unit is broken by several porosity zones.  The 

middle portion of the Rome (3,670 to 3,720 ft) contains a sandy section some 50 ft thick.  

Though described in the cuttings as sandstone, the wireline logs’ calculations indicate a sandy 

dolomite.  It is commonly observed that in the Cambrian carbonates a small admixture of coarse 

clastics may accompany good porosity and permeability in the carbonate portion of the rock.  
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The basal portion of the Rome dolomite is transitional with the underlying Basal Sand and 

contains several thin sandstone stringers that have an aggregate thickness of about 10 ft. 

 

Of the formations in the #1 Lee, the Cambrian Basal Sandstone (3,904-4,026 ft) represents the 

greatest reservoir volume.  Developed to a net thickness of 122 ft, the unit has more or less 

uniform porosity of about 15%.  The cuttings are fine to coarse grained, with dolomitic cement.  

Density-neutron crossplot calculations indicate the sand to have fairly pure quartz content, 

though there is likely some fraction of feldspar.   

  

The following graphic displays the value of the Lee Family trust in terms of obtaining data in 

deep geologic formations. Morrow county Ohio has thousands of wells but less than 1% 

penetrate the Cambrian Basal sandstone (Figure 3.7).  Overall, the Cambrian section of this well 

appears to indicate good porosity and reservoir development showing that this area may be a 

good candidate for more detailed assessment of geologic storage potential in northcentral Ohio. 

 

 

Figure 3-7. The Lee Family Trust is shown in Blue. The green wells are all within a 5 mile radius.  

 

3.4. McCoy Well 

The Knox Energy #1 McCoy was drilled to a total depth of 5,207 ft (driller), finishing about 8 ft 

into the PreCambrian which was granitic in composition at this central Ohio site.  As a 

preliminary assessment, the #1 McCoy is judged to be prospective in the Black River limestone 

and the Clinton sandstone. 
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Sample descriptions including gas detection and drill rate plots from 3,470 ft (Trenton) to total 

depth were provided.  Sample quality was poor.  Sample lag is estimated to have been on the 

order of 20 ft, but vertical mixing was so extreme that the lag could not be determined until drill 

rate could be compared to the wireline log.   

 

At the time of logging the wellbore was in good condition, being stable, in reasonable gauge, and 

free of fill.  Logging operations proceeded slowly, due in part to a failed resistivity tool.  It has 

also been determined that at total depth the wireline logs were reading 12 ft deeper than the 

driller.  The formation tops for this well are shown in Table 3-5 below. 

 

Table 3-5.  McCoy well formation tops. 

Formations (lithologies) Wireline Depth Notes 

Ground level elevation  979  

Kelly bushing (datum)  987  

Surface casing set to:  987  

Cuyahoga sh.  308-480  

Sunbury sh.  480-536  

Berea ss.  536-542  

Ohio sh.  (bedrock)  542-1420  

Onondaga (Big Lime) ls. 1420-1450  

Helderburg ls. 1450-1538  

Bass Island dol. 1538-1564  

Salina dol.  & anhyd. 1564-2004  

Lockport ls. 2004-2176  

Niagaran sh. 2126-2280  

Packer Shell ls.  & dol. 2258-2302  

Clinton ss. 2302-2334  

Ordovician sh.  (undiff) 2432-3528  

Point Pleasant/Utica sh. 3528-3633  

Trenton ls. 3633-3692  

Black River ls. 3692-4210 350 unit gas show 

@ 3740 & fluor 

Gull River ls. 4210-4258 200 unit shows @ 

3990 & fluor 

Lower Chazy ls./sh. 4258-4284  

Glenwood sh. 4284-4304  

Trempealeau dol. 4304-4412  

Trempealeau “B” dol. 4412-4501 water @ 4500 ft 

Lower Copper Ridge dol. 4501-4752  

Kerbel ss. 4752-4786  

Conasauga dol./sh. 4786-4864  

Rome dol. 4864-5132  

Basal ss.  (transitional) 5132-5206  

PreCambrian granite 5206-  

Total depth (drlr/lgr) 5207-5216  
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There exists a PreCambrian high immediately south of Morgan Township and this paleo-

topographic feature precluded deposition of the Mt. Simon sandstone over a broad area.  

Reconnaissance seismic through the #1 McCoy site indicated that the basement feature is less 

pronounced there and offered the possibility of encountering a partial or even full section of Mt. 

Simon.  Ultimately this proved not to be the case, but a section of interlayered sandstone and 

dolomite was encountered on top of the PreCambrian  

 

The basal sand that sits atop the PreCambrian at the #1 McCoy is considered to be a transitional 

sandstone and dolomite sequence at the base of the Rome formation.  The sand seen in the 

cuttings is very fine to fine grained, not like the coarser textures commonly seen in the true Mt. 

Simon.  Figure 3.8 shows a neutron density crossplot of the basal sand at the McCoy site.  Also, 

the interbedded dolomite is less akin to the Mt. Simon than the typical basal section of the Rome.  

Some feldspar, as would be seen in the Mt. Simon, was present in the cuttings but on account of 

the vertical mixing the quartz and feldspar cannot be confidently attributed to the same source. 

 

 

 

Figure 3-8. The McCoy neutron density vs. density porosity plot shows relatively low porosity and that most 

values do fall in the sandstone range for the Basal Sand in this well. 

 

The basal sand (5,132 to 5,206 ft) is comprised of a succession of thin (to 0.5 to 2.0 ft) lenses 

separated by 2 to 10 ft of dolomite.  In the aggregate, the unit has a net sand thickness of just 5 ft 

as determined from a 6% density porosity cutoff.  Porosity peaks at about 9%. 

 

Wireline pressure tests were conducted at five points across the basal sand.  Subjectively, these 

tests indicated very poor to very good permeability and that there is a significant decrease in 
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pressure rebound where porosity falls below 6%.  Above 6% porosity, however, every point 

must be judged on its own merits; several of the pressure test points where other logs indicated 

good density-porosity did not respond to the test as well as might have been anticipated. 

 

The Rome (4,864 to 5,132 ft), minus the Basal Sand section, is 268 ft thick and is composed of a 

dense, micro- to very finely crystalline dolomite in white and shades of pale gray and brown.  It 

is considered a confining layer or seal.  The only exceptions to this description of tight country 

rock occur at 5,098 ft (possibly due to a density correction associated with fracturing) and at 

4,883 ft (sandy streak).  Neither calculates to over 5% porosity and neither is known to have any 

lateral continuity. 

 

The 78 ft thick Conasauga (4,786 to 4,864 ft) is a light-colored dolomite that is argillaceous for 

the most part and otherwise contains minor amounts of very fine to fine grained quartz or is 

interbedded with light gray shale.  As is commonly the case with arenaceous dolomites, the 

association facilitates porosity development.  In the case of the Conasauga at the #1 McCoy, this 

manifests itself with the appearance of a sucrosic texture and possibly some degree of associated 

porosity. 

 

The dramatic shift in the density curve as it passes over the Conasauga is attributed in large part 

to mineralogy changes (quartz sand, clays, and glauconite) and does not wholly translate to 

porosity.  Assuming a matrix density of 2.75 g/cc to approximate a detritus-rich dolomite, there 

is about 12 ft of 6% or greater porosity.  Peak porosity is 12%.  The Conasauga is not productive 

anywhere in Ohio. 

 

The Kerbel (4,752 to 4,786 ft) exists as sandstone in the northern part of the State.  To the south 

and east the sand content gives way to the predominance of dolomite as it grades into the upper 

portion of the Conasauga.  The Knox County area marks the southernmost extend of the Kerbel 

as a recognizable unit.  In the #1 McCoy the 34 foot thick Kerbel is a sandy dolomite. 

 

Although the quartz sand content is shown by the photo-electric curve to diminish downward, 

the porosity also increases downward, rather the opposite of the expected.  The strong deflections 

in the density curve can be attributed to both mineralogy and porosity.  Assuming a matrix 

density of about 2.75 g/cc for a sandy dolomite, the Kerbel has 18 net ft of 6-12% porosity.  

Most of the interval shows between 6% and 8%.  A single wireline pressure test at 4,756 ft where 

the porosity is a nominal 7% indicated good permeability. 

 

The Lower Copper Ridge (4,501 to 4,752 ft) is 251 ft thick in the #1 McCoy and typically is 

composed of dense, micro-very finely crystalline dolomite that is for practical purposes void of 

porosity.  In the middle of the Lower Copper Ridge is a 20 ft thick section that appears shaley on 

the log but which was wholly unapparent in the cuttings and the rock is suspected of being an 

argillaceous dolomite.  Despite the low density through this shaley section, density and crossplot 

calculations indicate an absence of porosity. 

 

In the samples the upper and lower boundaries of the 89 ft thick Trempealeau “B” zone (4,412 to 

4,501 ft) are essentially transparent, the unit showing the same micro- to very finely crystalline 

dolomite as seen in the Trempealeau above and the Lower Copper Ridge below.  With good 
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sample sets, not the case here, minor admixtures of shale may be seen near the bottom.  

Similarly, very finely disseminated glauconite might have been observed.  Compared to the 

adjacent formations on the wireline logs, however, the “B” zone is marked by decreased density 

readings that suggest porosity and by a distinctively hotter gamma ray signature.  Some of the 

low density may be attributed to the aforementioned lithologic and mineralogical differences, but 

otherwise the porosity indicators ring true.  In the #1 McCoy the wellbore became wet near the 

bottom of the “B” zone and forced a change to fluid drilling.  At a 2.75 g/cc matrix, density 

porosity ranges from 6 to about 15% and there is 25 ft of greater-than-6.0% porosity.  

Subjectively, wireline pressure tests over the basal portion of the “B” zone suggested good to 

excellent permeability.  Locally the “B” zone has produced some oil, especially where associated 

with structure, but elsewhere in the State is known to be void of production. 

 

The Trempealeau (4,304 to 4,412 ft) is bounded above by an erosional surface so that there may 

be considerable variations in thickness within a given locale; at the McCoy site it is 108 ft thick.  

Made up of a dense, micro- to very finely crystalline dolomite, the Trempealeau is without 

effective porosity.  Elsewhere in Ohio, principally north and west, subaerial exposure prior to 

burial can have created an amount of porosity sufficient to sustain commercial oil and gas 

production.  In the #1 McCoy this secondary porosity was absent. 

 

The Glenwood and Lower Chazy sections (4,258 to 4,304 ft) are dolomite and limestone, 

respectively, both interbedded with distinctive pale gray and pale green shale.  Neither is porous 

or productive of fluids. 

 

The Gull River limestone (4,210 to 4,258 ft) is a uniquely dense, light brown, micro-crystalline 

limestone that is void of porosity. 

 

Uncharacteristically, the Black River (3,692 to 4,210 ft) produced a gas show (350 units on air 

from 3,730 ft) that is attributed to a dolomitized fracture.  It is anticipated that this zone will be 

tested for its production potential, but the porosity that sourced the show is highly unusual and 

unlikely to extend far from the wellbore.  Above and below this source point, the Black River is 

typical in being composed of a dense, light to dark brown, and cream colored, micro-crystalline 

limestone. 

 

The Trenton limestone (3,633 to 3,692 ft), 59 ft thick, is composed of a mottled gray and white 

limestone that is micro- to coarsely crystalline and abundantly fossiliferous throughout.  It is 

found productive, mainly in the northwest portion of the State where it is fractured, dolomitized, 

and capable of trapping hydrocarbon from the overlying, organic-rich Point Pleasant shale.  In 

central Ohio it is only marginally productive in isolated instances. 

 

3.5. Ohio Geological Survey No.  1 CO2 

The Ohio Geological Survey #1 CO2 (Ohio #1) was drilled in Salem Township, Tuscarawas 

County, Ohio, as a stratigraphic test to a depth of 8,695 ft as a collaborative effort with Ohio 

Division of Geological Survey and with funding from Ohio Coal Development Office and 

MRCSP regional characterization task.  A more detailed report on this effort is currently under 

preparation for the state of Ohio, however, a summary of observations is provided here.  This 
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well provides important data points for the development of potential CO2 sequestration reservoirs 

and seals.  The well penetrated the Berea and other potentially water-bearing shallow sandstones.  

Nothing in the shallow section is being considered for CO2 disposal, nor was there any indication 

of commercial amounts of oil or gas.  The well also cut through the Ordovician and Cambrian 

sedimentary rocks, and 68 ft of the PreCambrian basement rocks.   

 

At the time of logging, the wellbore was in good condition, in good gauge through the zones of 

interest, and free of fill.  A set of 73 sidewall cores were cut.  Wireline pressure tests were 

performed at 18 points.  Wireline logs included the basic gamma ray-neutron-density-photo 

electric suite, an azimuthal resistivity log and a resistivity-based imaging log.  Magnetic 

resonance data were collected over the bottom logged interval.  Formation tops for Ohio #1 well 

are shown in Table 3-6 below. 

 

Table 3-6.  Ohio well formation tops. 

Formations (lithologies) Depth Notes 

Ground level elevation  917  

Kelly bushing (datum)  924  

Sandstone 174-272  

Shale 272-280  

Sandstone 280-315  

Shale 315-344  

Sandstone 344-388  

Shale 388-434  

Sharon ss. 434-558 minor water 

Cuyahoga sh. 558-864  

Sunbury sh. 864-923  

Berea ss. 923-986 tr flr & 18 units gas 

Ohio sh. 986-  

Chagrin/Huron sh.  (undiff) -2225  

Lower Huron sh. 2228-2696  

Java sh. 2696-2811  

Pipe Creek sh. 2811-2828  

Angola sh. 2828-2982  

Rhinestreet sh. 2982-3075 8 unit gas show 

Hamilton sh. 3075-3166  

Marcellus sh. 3166-3170  

Onondaga ls. 3170-3813  

Onondaga ls. 3170-3813  

Oriskany ss. 3313-3336 4 unit gas show 

Helderberg ls 3336-3509 9 unit gas show 

Bass Island ls. 3509-3554 16 unit gas show 

Salina dol./anhydr/salt 3554-3871  

Salt 3871-4066 32’ net 

Lockport dol./ls. 4230-4530  gas shows to 85 units 

Niagaran sh. 4530-4694  
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Formations (lithologies) Depth Notes 

Packer Shell dol. 4694-4718  

Clinton (interval) 4718-4901 slight show gas & flr 

Queenston shale 4901-5418  

Cincinnatian sh.ale 5418-6274  

Point Pleasant sh. 6274-6398  

Trenton ls. 6398-6520  

Black River ls. 6520-7114 700 u.  gas @ 6932 air  

Gull River ls. 7114-7360  

Lower Chazy ls.  & sh. 7160-7190  

Glenwood dol.  & sh. 7190-7226  

Beekmantown “B” dol. 7226-7266 30 u.  gas @ 7230’ 

fluid 

Beekmantown “A” dol. 7266-7374  

Rose Run ss. 7374-7507  

Trempealeau dol. 7507-7638  

Trempealeau “B” dol. 7638-7693  

Lower Copper Ridge dol. 7693-7898  

Conasauga dol.  & sh. 7898-7993  

Rome dol. 7993-8524  

Basal ss. 8524-8634  

PreCambrian  8634-  

Total depth (driller/logger) 8695/8702  

 

The shallowest potential hydrocarbon or CO2 sequestration reservoir is the Oriskany Formation.  

The Oriskany in eastern Ohio is a thin wedge of sandstone bounded above by an erosional 

unconformity and grades laterally from porous sandstone to low porosity sandy limestone.  

Along its western edge the sand is pinched out against the unconformity.  The lateral changes in 

porosity and the updip pinchout provide opportunities for stratigraphic oil and gas entrapment, 

and for CO2 sequestration.  The Oriskany is hydrocarbon productive in southwestern Tuscarawas 

County along the pinchout, where the sand has an average thickness of 6 ft and a typical porosity 

of 8%.  The productive area ends about 2-3 miles southwest of the subject well, due to loss of 

porosity. 

 

In this well, the Oriskany (3,313 to 3,336 ft) is developed as a light to medium brown, 

microcrystalline, arenaceous limestone.  The quartz sand is fine to medium grained.  On the 

wireline logs this lithology of the Oriskany is indistinguishable from the overlying Onondaga, 

and only the absence of quartz guarantees the certain identity of the underlying Helderberg.  

Density porosities throughout the Oriskany peak at 3% but are more typically 1% or less. The 

Clinton sandstone in this area exhibits high porosity but is not considered a possibility due to the 

great number of penetrations that could act as leakage pathways.  Figure 3.9 shows a neutron 

density crossplot of the Bass Islands dolomite in the Ohio well. 
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Figure 3-9. A Neutron Density Cross Plot of the Bass Islands dolomite in the Ohio Well. Data points indicate 

a low to moderate porosity dolomite with possible secondary porosity.  

 

The next lower zone of interest is the Trenton.  In the Ohio #1 well, the Trenton consists of 

limestone lithologies and lacks significant porosity and permeability.  Regionally, the Trenton 

can develop secondary intercrystalline and vuggy porosity related to fluid movement along 

structural faulting and fracturing.  The image log confirms the lack of secondary porosity, faulted 

or fractured zones.  Figure 3.10 shows a neutron density crossplot of the Lockport dolomite in 

the Ohio well.  Where the Trenton fractures capture hydrocarbon from the overlying organic-rich 

shales, hydrocarbon shows or even commercial production may be realized.  Not all porous and 

permeable structure-related dolomites trap hydrocarbons, and such zones may be prospective for 

the sequestration of CO2. 

 

The Black River limestone is almost 600 ft thick in the Ohio #1, but similar to the Trenton, is 

rarely targeted as an oil and gas reservoir, except where fractures and subsequent dolomitization 

are suspected.  Localized fracturing can yield non-commercial gas and oil shows, and fractured 

Black River limestones in Salem Township area occasionally produce enough gas to supplement 

production from the deeper Beekmantown dolomite.  The #1 Ohio produced an impressive 700 

unit gas show from a non-dolomitized fracture in the Black River while drilling with air.  Based 

on the caliper log, the fracture zone appeared to be no more than 2 ft thick where it intersected 

the wellbore, and is not expected to have commercial hydrocarbon or CO2 potential.  Drilling 

induced fractures seen on the image log confirm regional stress orientations. 
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Figure 3-10. Neutron Density Cross Plot of the Lockport Dolomite in the Ohio well. Data indicates a fairly 

consistent low to medium porosity dolomite.  

 

The Beekmantown dolomite is present in the eastern portion of Ohio and can form important 

reservoirs at the western limit of its extent where it is truncated by the Knox unconformity.  The 

#1 Ohio is located within the Knox subcrop zone and is 148 ft thick at this point.  Like the 

underlying Rose Run and Trempealeau, the Beekmantown may be oil and gas productive 

throughout its subcrop zone where there exist erosional remnants that have developed secondary 

porosity during their long term of subaerial exposure; younger sediments provide top and lateral 

sealing.  Generally, Beekmantown reservoirs are less than 100 acres in size, although some may 

be up to 640 acres.  There is some evidence that porosity development is best around the 

perimeter of the remnant(s) and may be enhanced by mixing zone “island” karst. 

 

In this well, the upper surface of the Beekmantown is estimated to stand at least 15 ft above the 

remarkably flat regional Knox erosional surface.  The uppermost portion of the Beekmantown 

produced a drilling break and produced a non-commercial 30 unit gas show while drilling on 

fluid.  Density log porosity indicated porosity development in the uppermost 15 ft of the unit, 

consistent with the observed gas show.  The image log shows indications of vugular porosity on 

this interval as well (Figure 3-11). 
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Figure 3-11.  Potential vugular porosity in Beakmantown Dolomite as seen on the image log.  Interval shown 

is 7232-7237 ft. 

 

In this well, the Rose Run has a gross thickness of 133 ft, but a net sand thickness (>6% density 

porosity) of only 24 ft.  Rose Run cuttings are moderately friable, fine to medium grained sand.  

Wireline log density porosity ranges from 6 to 13.5% and averages about 9.6%, but maximum 

permeability appears to be in the range of 2 to 3 mD.  There are no indications of natural 

fracturing or faulting in the Rose Run.  Additionally, there were no hydrocarbon shows and the 

interval does not appear to have sufficient permeability development to make the Rose Run an 

attractive CO2 sequestration reservoir at this location.  Figure 3.12 shows a neutron crossplot of 

the Rose Run and basal sandstones for the Ohio well. 

 

The Trempealeau consists of micro- to finely crystalline dolomite that may be sandy at the top.  

The arenaceous interval may have minor porosity development, and is productive in the central 

and north-central parts of the state where it is truncated by the regional Knox erosional surface.  

In this well, the wireline log porosity, adjusted for mineralogy, ranges from about 2% to 3%, 

which is normal baseline porosity for dolomite.  At this location, the Trempealeau is distant from 

the subcrop belt and does not develop reservoir quality porosity.   
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Figure 3-12.  Neutron Density Cross Plot of the Rose Run Sandstone in the Ohio well. Data indicates a 

medium to high porosity sand.  

 

The informal Trempealeau “B” zone is present across the eastern half of the State.  It is oil and 

gas productive in only a few very localized areas in Ohio and is rarely a primary drilling 

objective.  Although there have been numerous penetrations that result in a good assemblage of 

data points, the “B” zone is poorly understood.  Typically the unit presents itself as a dense, 

white, micro- to very finely crystalline dolomite.  Thin stringers of pale gray shale are commonly 

present, particularly closer to the bottom of the section.  Though seldom apparent in samples, 

wireline logs may portray the presence of quartz sand, particularly in lithology tracks and on 

computed logs.  The identification of quartz as a critical element in the “B” zone remains 

problematic.  Otherwise, the “B” zone is distinctive on the logs for its increased gamma ray 

count (to 200 API units) and commonly, an unusually low density that is suggestive of porosity 

development.  Practical evidence of porosity, via shows of water, oil, or gas, may or may not be 

co-incident with low-density readings.   

 

In the #1 Ohio well, the lithology is white to very light brown dolomite with a minor admixture 

of clay and quartz.  Because of the absence of significant porosity, it is likely that the log-

indicated quartz fraction is silt-size and does not contribute to the support of open pore structure.  

The “B” zone was drilled on fluid without oil or gas shows, and is not prospective for CO2 

sequestration at this site. 

 

The Lower Copper Ridge is a 205 ft thick section of white, micro- to very finely crystalline 

dolomite.  Although there were several occurrences of thin (less than 2 ft) porosity streaks with 

log porosities of 8 to 10%, the Lower Copper Ridge is not a regional hydrocarbon producer, and 

the Lower Copper Ridge was drilled without any indication of oil or gas.  
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The Basal “Sand” is in all likelihood the transitional arenaceous dolomite that in the central and 

western part of the State occupies a position between the overlying Rome dolomite and the 

underlying Mt. Simon sandstone.  In the samples it appears as a sub-rounded, fine to medium 

grained quartz, not unlike most of the quartz seen in the shallower Cambrian sediments from this 

well.  A light, gray dolomite content is obvious, and is presumed to represent both interbedded 

country rock as well as cement for the sandstone.  The sand is not considered Mt. Simon due to 

the maturity and relatively fine texture, the high dolomite content, and the conspicuous lack of 

feldspar grains.  Although wireline logs show approximately 56 net feet of sand in a 110 ft thick 

interval, and porosities average about 10%, wireline pressure tests and reservoir injection tests 

indicate low permeabilities throughout the interval.  Figure 3.13 shows a neutron crossplot of the 

Rose Run and basal sandstones for the Ohio well. The Rose Run points indicate a highly variable 

porosity sandstone and the Basal sand points indicate a fairly clean sand.   

 

The top of the PreCambrian is at 8,634 ft, and is of granitic composition.  Sidewall cores showed 

the igneous rock to be a predominantly very light, translucent gray color, with black accessory 

minerals.   

 

 

Figure 3-13. Neutron Density cross plots of the Basal sandstone in the Ohio well.  

 

3.6. Mountaineer Well (AEP#1) 

The AEP #1 well was drilled in 2003 at the Mountaineer power plant site in New Haven, West 

Virginia as part of a previous DOE funded project.  This well was drilled to a total depth of 

9,191 ft as an exploratory research well to characterize the geologic storage and containment 
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properties of deep saline reservoirs at the Mountaineer site.  There were no deep wells within 25 

miles of the site, but 11 miles of two dimensional (2D) seismic data acquired along two transects 

confirmed continuous flat lying geology and a lack of faults that might have adversely affected 

the potential sequestration site.  Because considerable new data were gathered from this well that 

led to a better understanding of the stratigraphy of the Lower Paleozoic rocks, this well is 

reviewed in somewhat greater detail.  The formation tops in AEP#1 well are shown in Table 3-7 

below. 

 

Table 3-7.  AEP-1 formation tops. 

Formations (lithologies) Wireline Depth (fbs) Notes 

Ground level elevation 608  

Kelly bushing (datum) 590  

Sharon Sandstone 1156-1235  

Maxville Limestone 1235-1260  

Cuyahoga Shale 1260-1724  

Sunbury Shale 1724-1734  

Berea Sandstone 1734-1754  

Chagrin Shale 1754-2670  

Lower Huron Shale 2670-3188  

Java Shale 3188-3290  

Pipe Creek Shale 3290-3307  

Angola Shale 3307-3472  

Rhinestreet Shale 3472-3580  

Hamilton Shale 3580-3600  

Marcellus Shale 3600-3608  

Onondaga 3608-3765  

Oriskany Sandstone 3765-3775  

Helderberg Limestone 3775-3940  

Salina Dolomite 3940-4296  

Newburg Sandstone 4296-4306  

Lockport Dolomite 4306-4600  

Niagaran Shale 4600-4806  

Casing Shell Limestone 4806-4813  

Packer Shell 4813-4900  

Clinton Sandstone 4900-5040  

Medina Sandstone 5040-5047  

Ordovician Shales 5047-6375  

Trenton Limestone 6375-6490  

Black River Limestone 6490-6986  

Gull River Limestone 6986-7044  

Lower Chazy Limestone 7044-7102  

Wells Creek Shale 7102-7180  

Unconformity (St. Peters) 

Sandstone 

7180-7210  



DE-FC26-05NT42434 Final Technical Report 

Battelle, December 2009 

43 

 

Formations (lithologies) Wireline Depth (fbs) Notes 

Beekmantown Dolomite 7210-7755  

Rose Run Sandstone 7755-7871  

Copper Ridge Dolomite 7871-8520  

Nolichucky Shale 8520-8624  

Upper Maryville 8624-8912  

Lower Maryville 8912-9100  

PreCambrian   

Total Depth   

 

The hole was subject to lost circulation during to drilling of Devonian shales at a depth of 3,430 

ft, and the well was sidetracked and directionally drilled to bypass the problem interval.  The 

largest gas shows in the well were three small (max 68 units, during air drilling), short-lived 

shows from the Lower Huron shales.   

 

Seven core segments were cut from various points in the wellbore with the intent to sample 

potential injection reservoirs and key containment intervals.  A total of 290 ft of core was 

recovered and analyzed.  Cored target injection zones include the Knox unconformity sandstone, 

the Rose Run and the Cambrian Lower Marysville/Basal sandstone.  Cored containment intervals 

include Ordovician Beekmantown, the Cambrian Conasauga shale and the underlying Upper 

Marysville.  Core data collected from the Rose Run Sandstone sections of AEP#1 are shown in 

Table 3.8.  The Upper Cambrian Copper Ridge dolomites (“B” zone) were also cored; they were 

expected to be a containment zone, but had several thin zones of high porosity and very high 

permeability.   

 

Table 3-8. Core data from AEP #1 Rose Run Sandstone sections.  

AEP #1 

Depth 

(ft) 

Density 

(g/cc) 

Core 

Porosity 

(%) 

Core 

Permeability 

(mD) 

7742 2.79 1.7 0.001 

7746 2.78 1.2 0.001 

7750 2.80 0.9 0.001 

7754 2.75 2.3 0.001 

7758 2.74 1.2 0.001 

7762 2.68 1.2 0.001 

7763 2.58 9.1 35.7 

7764 2.59 8.8 25.8 

7765 2.62 8.4 6.34 

7766 2.60 6.0 0.126 

7767 2.62 6.1 0.48 

7768 2.79 2.5 0.002 

7771 2.59 4.4 2.15 

7772 2.53 8.3 25.5 
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AEP #1 

Depth 

(ft) 

Density 

(g/cc) 

Core 

Porosity 

(%) 

Core 

Permeability 

(mD) 

7773 2.50 9.0 28.3 

7774 2.55 11.1 67.2 

7775 2.62 10.4 54.7 

7776 2.65 7.3 0.001 

7777 2.66 5.3 2.42 

7778 2.69 3.5 0.006 

7780 2.83 1.6 0.001 

7784 2.81 1.3 0.001 

7788 2.78 2.5 0.001 

7792 2.77 2.0 0.001 

7796 2.70 2.7 0.001 

7800 2.68 2.7 0.001 

7818 2.55 2.8 0.002 

7820 2.54 7.1 1.07 

7821 2.50 9.7 3.66 

7822 2.50 7.3 0.146 

7823 2.53 2.6 0.003 

7824 2.63 1.1 0.001 

7825 2.70 1.4 0.004 

7826 2.74 4.2 0.002 

7827 2.71 5.9 0.044 

7828 2.63 8.5 0.164 

7829 2.56 7.0 0.11 

7830 2.54 9.9 0.502 

7831 2.54 11.9 3.63 

7832 2.51 2.1 0.001 

7836 2.85 1.0 0.001 

7840 2.80 1.2 0.001 

7844 2.80 1.9 0.001 

7848 2.79 2.8 0.004 

7852 2.83 4.1 0.002 

7856 2.78 2.7 0.001 

7860 2.82 2.3 0.001 

7864 2.84 1.2 0.001 

7866 2.79 1.3 0.001 

7867 2.77 2.1 0.001 

7868 2.74 3.1 0.001 

 

Hydraulic reservoir tests, hydraulic fracturing, geomechanical and core flood tests were 

performed to characterize rock, fluid, mechanical and geochemical properties of the potential 

reservoirs and seals.  Results of these tests and analyses indicate that reservoir quality storage 
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and injectivity are present in the Cambrian Rose Run sandstones; the porosity in the Copper 

Ridge dolomite may also have storage potential.  Numerous containment layers are present and 

include very low permeability shale, limestone, and dolomite. 

 

The first log run to a depth of 1,976 ft bgs included a gamma ray, compensated neutron, 

compensated density, photoelectric, array induction, array sonic, image log, and elemental 

capture spectroscopy suite.  Magnetic resonance and a formation water sampler were planned, 

but the tools were unavailable at the time of logging.  The second wireline log (from 1,976 to 

2,990 ft bgs) included the gamma ray, compensated neutron, compensated density, photoelectric, 

array induction, and elemental capture spectroscopy suite. 

 

At the time of logging, the wellbore was in good condition and entirely free of fill.  Several tight 

spots were encountered with both the triple combo and image tools, but the tight spots were 

different for each tool run.  Otherwise, all aspects of the logging operations were carried out 

without problem. 

 

The distribution, thickness and reservoir properties of the Lower Paleozoic sandstones are 

intimately connected to generally tectonically driven erosion and development of shallow water 

sand systems.  Details on individual sands are important for identification of reservoir “sweet 

spots” that, if lacking hydrocarbons, are easily lost from view by hydrocarbon explorers.  The 

following discussion summarizes the most relevant formations for CO2 sequestration.   

 

The Oriskany at 3,765 ft is a poorly developed non-framework sandy limestone, indicating 

proximity to the limit of the Oriskany sand fairway.  The Salina- Lockport interval is important 

for demonstrating a lack of hydrogen sulfide (H2S) in the Newport, which could present drilling 

complications if present. 

 

The Tuscarora/Clinton sandstone consists of 4 ft of fine, friable sandstone with a maximum of 

7.5% porosity.  A low-level gas show (26 units) detected during drilling was still evident during 

wireline logging operations.   

 

The Medina sandstone at 5,040 ft is 7 ft thick, and is well-cemented, very fine-grained 

sandstone, barely above siltstone grade.  There was a very minor gas show in this interval.  

Regionally, the clean gamma and density log expression of this interval suggests sand 

development that is not usually supported by porosity calculations. 

 

The Trenton and Black River Limestones display little porosity, and no tectonic fractures with 

associated gas or overpressure that occurs further into the margin of the Rome Trough.   

 

The base of the Glenwood Shale/Wells Creek Limestone locally develops sandstones related to 

transgression over the underlying Knox unconformity.  At the #1 AEP site, this “unconformity 

sand” (positionally equivalent to the St. Peter sandstone elsewhere) at 7,210 ft, is 30 ft thick, 

with low porosity and permeability, and is not a potential reservoir.   

     

The Beekmantown dolomite (7,210 ft) at the Mountaineer site has generally low porosity and 

permeability and is considered caprock for the underlying Rose Run sandstones.  Figure 3.14 
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shows the neutron density crossplot for the Beekmantown at the Mountaineer site.  Thin porosity 

stringers in the Beekmantown have up to 10% porosity, 30 mD permeability, and gas shows.  

Some of the gas shows observed during drilling operations correlate with small scale fractures 

and faults on the image log.  At several depths on the image log there appear to be indications of 

secondary porosity in a carbonate stringer that may be responsible for some of the higher than 

average porosity and permeability readings.  A thin zone with pyrite caused considerable drilling 

problems in this interval.  Core recovered from this interval indicates shoreline parallel, shallow 

water mixed carbonate-siliciclastic depositional environments.  As such, the associated rock 

properties will have some predictability on a regional scale.    

 

 

Figure 3-14. Beekmantown Neutron Density Cross plot in AEP#1. Data points indicate a mainly low to 

moderate porosity dolomite. 

 

The Rose Run Sandstone at 7,755 ft consists of interbedded dolomite and medium grained, 

moderately to poorly sorted arkosic sandstones, with visible interconnected porosity in the core.  

Figure 3.15 shows the neutron density crossplot for the Rose Run.  Net sand thickness is 18 ft 

over an interval thickness of 116 ft and four separate sand bodies.  Average porosity is 8%, with 

log-derived permeabilities of 4 to 8 mD.  A small, 3 ft interval of potential vugular porosity 

exists at 7838 ft in one of the carbonate layers.  However, the magnetic resonance and sonic logs 
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do not indicate correlative permeability or porosity at this depth.  There were some short-lived 

gas shows while coring. 

 

 

Figure 3-15. Rose Run Neutron Density crossplot. Data points represent a poorly sorted low to high grade 

porosity sandstone.  

 

The Lower Copper Ridge (7,871 ft) is a very finely crystalline dolomite with very low porosity 

and permeability.  The Copper Ridge B zone (8,175 to 8,252 ft) had three thin (1 to 2 ft) zones 

with porosities greater than 15% and up to an astonishing several thousand millidarcies of 

permeability.  Vugs are likely the driving force behind the porosity and permeability of these 

three zones as indicated on the image log.  Additionally, there is no significant porosity response 

on the sonic log which may act as supporting evidence for secondary porosity on these intervals.  

The Copper Ridge B zone may develop laterally into an important potential reservoir target. 

 

At the Mountaineer site, the Conasauga consists of Nolichucky shales, the Upper Maryville 

dolomite and the Lower Maryville dolomite that contains downward increasing sand content.  

The lower Maryville rests nonconformably on granitic PreCambrian basement rocks.  The Upper 

Maryville has low porosities and permeabilities with the exception of a 2 ft zone that gave up a 

brief gas show.  The Lower Maryville has two thin porosity zones, with porosities up to 9%, with 

permeabilities of less than 5 mD.  Several gas shows were recorded during drilling/coring. 
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The cuttings from the Precambrian were dominated by quartz, feldspar, and hornblende.  On logs 

there was no evidence of a weathered zone or porosity development. 

  

3.7. Jarrell Well 

The #1 Jarrell well was drilled in Harrison Township, Gallia County, Ohio to a total depth of 

7,151 ft, which penetrated a little more than half of the Trempealeau/Copper Ridge dolomite.  

The #1 Jarrell is a seismically based exploratory well that was programmed primarily to test the 

Rose Run sand, and secondarily to evaluate the Berea, the Trenton-Black River and the 

Beekmantown sections.  Previously acquired seismic had indicated both structural and 

stratigraphic anomalies in this area.  Because of its isolated location, seismic data from other 

areas did not correlate comfortably to the Jarrell site, and identifications of formations on the 

seismic as well as predicted well depths were tentative.  Results of the well were unfavorable for 

hydrocarbons in the Rose Run, but are encouraging for CO2 sequestration.  With the exception of 

a gas show at the base of the Lower Huron shale, all other potential hydrocarbon-bearing zones 

were considered non-commercial. 

 

The logging program consisted of gamma ray, compensated neutron, compensated density, 

caliper, photo-electric, digital array sonic and image tools with directional information.  At the 

time of logging, the wellbore was in good condition and entirely free of fill.  A ledge was 

encountered at about 6,450 ft in the Beekmantown, but only with the triple combo tools.  Several 

tight spots were encountered with both the triple combo and image tools, but the tight spots were 

different for each tool run.  Otherwise, all aspects of the logging operations were carried out 

without problem.  The formation tops for this well are shown in Table 3-9 below. 

 

Table 3-9.  Jarrell well formation tops. 

Formations (lithologies) Wireline Depth Notes 

Ground level elevation 580  

Kelly bushing (datum) 590  

Casing set to: 1455  

Top of logged interval 0  

Maxville Limestone 1225-1238  

Injun Sandstone 1238-1442  

Cuyahoga Shale 1442-1670  

Sunbury Shale 1670-1686  

Berea Sandstone 1686-1707 Minor Fluorescence 

Chagrin/ Upper Huron Shale 1707-2466  

Lower Huron Shale 2466-2694  

Olentangy Shale 2694-2962 90 units @ 2575 ft, 450 

units @ 2695 

Onondaga Limestone 2962-3140  

Oriskany Sandstone 3140-3150 Not developed as a 

sandstone 

Helderberg Limestone 3150-3204  
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Formations (lithologies) Wireline Depth Notes 

Salina Group 3204-3506  

Newburg/Lockport Dolomite 3506-3740 23 units gas, water 

Niagaran Shale 3740-4050  

Clinton Sandstone 4050-4068 trace fluorescence 

Ordovician Shales 4068-5337  

Trenton Limestone 5337-5420  

Black River Limestone 5420-5922  

Gull River Limestone 5922-5982  

Lower Chazy Shale 5982-6045  

Wells Creek Shale 6045-6110  

Unconformity (St. Peter) 

Sandstone 

6110-6134 20 units gas @ 6114 ft 

Beekmantown Dolomite 6134-6630 up to 320 units from 

6270-6460 ft 

Rose Run Sandstone 6630-6762 water and 90 units over 

background 

Copper Ridge Dolomite 6762-  

Total depth (driller/logger) 7146/7151  

 

The regionally deposited Berea sandstones are too shallow to be sequestration targets at this 

location.  The first Berea sandstone is present at this site; the Second Berea that is productive in 

oil and gas some 10 miles northeast of the Jarrell well is absent.   

 

The Devonian Lower Huron Shale produced a succession of strong, closely spaced gas shows 

near the base of the formation that are the strongest encountered in the #1 Jarrell and presently 

represent the most likely possibility for commercial gas production. 

 

Although the Oriskany sandstone is a prolific producer in other parts of Ohio, it is poorly 

developed in Gallia County.  Likewise, the Newburg is void of any sand, but did produce small 

amounts of noxious gas and black oil-and-sulfur water emulsion.  The wireline sonic log 

confirmed the minimal porosity present throughout the Salina Group which is present below the 

Oriskany.  This is supported by fast (~ 50-60 μs/ft) wave velocities which can indicate a dense, 

low-porosity matrix.  The image log does not display any secondary porosity present in the 

Salina Group nor does it show any faulting or natural fractures.  However, there appears to be a 

zone of vugular porosity in the Newburg Dolomite from about 3618-3640 ft (Figure 3.16).  

Although porosity peaks are seen in the sonic log at these depths it is doubtful they are due to the 

vugs observed in the image log.  Rather, it is more likely that the sonic porosity peaks are 

associated with a tool or borehole problem because of a discontinuity in S and P wave 

cohesiveness seen in the sonic log VDL.  Several drilling induced fractures are seen in the image 

log throughout the Newburg that strike roughly N-S which is consistent with the regional stress 

regime. 

 

Regionally, the Clinton Sandstone in Gallia County developed as a series of thin, tight, inter-

fingered sands that have been very marginal producers.  In the #1 Jarrell well, the Clinton is well 

developed as a 15 foot thick, fine-grained sand.  Where the hole is in good gauge the logged 
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porosities are in the range of 12 to 14%.  Thicker mudcake development and dragging of logging 

tools through a 100 ft section that includes the Clinton sandstone suggests that this interval may 

have significant fracture porosity and permeability, and may be of interest for CO2 sequestration.  

However, image log quality in the Clinton is poor and is therefore incapable of distinguishing the 

presence of natural fractures.   

 

 

Figure 3-16  Potential vuggy layer present in Newburg Dolomite from the image log (3618-3621 ft). 

 

The Ordovician, Trenton and Black limestones were devoid of hydrocarbon shows and had no 

significant porosity development.  The lack of porosity is confirmed on the sonic log as wave 

velocities remained relatively fast.  Additionally, the image log showed no development of 

secondary porosity on these limestone intervals which supports the regional characterization. 

 

Although the St. Peter Sandstone is present and is an important regional marker bed above the 

Knox unconformity, it has minimal porosity and permeability and no potential in this area for 

hydrocarbons or CO2 sequestration.  A neutron density crossplot for the St. Peter Sandstone is 

presented in Figure 3.17.  Drilling induced fractures, oriented roughly NW-SE, that are seen in 

the image log confirm regional stress orientations.  There are no indications of secondary 

porosity, through fracturing, in the St. Peter at this site. 

 

The Beekmantown dolomite beneath the important Knox unconformity regionally appears to 

have a flat erosional surface, subject only to mild regional dip.  Although there was no visible 
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evidence of porosity in the cuttings, there were five gas shows that correlated to thin zones of 

porosities ranging from 3 to 8%.  These thin zones are only roughly correlative with porosity 

peaks observed in the sonic log.  Figure 3.18 shows a neutron density crossplot for the 

Beekmantown at the Jarrell site. 

 

 

Figure 3-17. Cross plot of NPHI  vs. RHOZ in the St Peter Sandstone of the Jarrell well. Data shows that 

many values fall in the limestone and dolomite range, probably due to a high calcite cement.  

 

The Rose Run Sandstone interval has a net sand thickness of 30 ft over an interval thickness of 

132 ft and four separate sand bodies.  The very well sorted medium to coarse grained sands are 

very friable, and have wireline log porosities of 6 to 20%, with an average of about 11%.  The 

sidewall core analyses from this interval (Table 3-10) indicate a number of core samples with 

moderate to high permeability.  Figure 3.19 presents a section of the mudlog showing the Rose 

Run Sandstone while Figure 3.20 shows a neutron density crossplot of the Rose Run.  The sonic 

log shows an overall increase in porosity over the Rose Run interval in addition to two higher 

porosity layers that are roughly 4 ft in thick, total.  However, water present in the pore space may 

also artificially increase the porosity reading with the sonic tool.  Logged water saturations are in 

the 45 to 90% range.  Although there was a gas show at the top of the interval, there is no 

indication of structural or stratigraphic hydrocarbon trapping in this well.  The downdip Rose 

Run remains a reliably developed reservoir that is especially attractive for CO2 sequestration.   
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Figure 3-18. Cross plot of NPHI vs. RHOZ in the Beekmantown of the Jarrell well. The values indicate a low 

to moderate porosity dolomite.  

 

The Copper Ridge dolomite was not completely penetrated at this site.  Three drilling breaks 

over an 80-foot interval are associated with porosities of 15 to 20%, and possibly with gas shows 

that were observed during drilling.  The sonic log indicates that above 7000 ft there is very little 

porosity development while below this depth there exist several porosity peaks (10-20%) that 

roughly correlate to the drilling breaks observed on the mud log.  Several thin zones of a mottled 

texture along the borehole wall are seen on the image log that appear similar to the texture of the 

vugular sections seen in the Newburg Dolomite.  Although the Lower Copper Ridge “B” is not 

considered to be commercially viable for hydrocarbons, this porous interval appears to be a good 

reservoir in the #1 Jarrell in terms of volume and deliverability, and is of considerable interest 

for CO2 sequestration.   

 

In terms of regional structure and stratigraphy, this well provides important correlation with the 

#1 Arrington well located down dip eight miles east, and the #1 AEP, 25 miles distant, and 

nearly on strike.  Although there are considerable differences in formation thicknesses, there is 

no indication of faulting in the #1 Jarrell. 
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Table 3-10  Core data values from the Rose Run interval in Jarrell #1 well. 

Jarrell #1 

Depth (ft) 

Density 

(g/cdd) 

Core 

Porosity 

(%) 

Core 

Permeability 

(mD) 

6632 2.521 11.8 151 

6635 2.560 10.8 32.1 

6642 2.761 11.9 15.6 

6673 2.550 4.1 0.037 

6675 2.598 10.1 6.5 

6677 2.617 17.5 21.8 

6685 2.444 15.8 16.5 

6687 2.404 12.1 43.8 

6689 2.515 13.8 46.3 

6691 2.564 14.5 84.7 

6693 2.578 10.1 94.4 

6695 2.669 6.5 0.851 

 

 

Figure 3-19.  Mudlog showing the Rose Run Sandstone 
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Figure 3-20. The Jarrell NPHI vs. RHOZ cross plot for the Rose Run sandstone showing a wide range of 

values representing dolomite (low porosity) and sandstone (higher porosity). 

 

3.8. Miley Well 

The Miley #1 well is located in Noble County Ohio, about 65 miles northeast of the Mountaineer 

site, and was drilled to a depth of 8,825 ft to extend the stratigraphy in the #1 AEP well and, 

along with results from the Jarrell #1, and AEP #1, to undertake a regional assessment of the 

Rose Run as a sequestration target.  The formation tops for this well are shown in Table 3-11. 

 

Table3-11.  Miley well formation tops. 

Formations (lithologies) Wireline Depth Notes 

Ground level elevation 912  

Kelly bushing (datum) 921  

Onondaga Limestone 4012-4158  

Oriskany Sandstone 4158-4170  

Helderberg Limestone 4170-4410  

Salina Group 4410-5080  

Lockport 5080-5470  

Niagaran Shales 5470-5695  

Clinton Sandstone 5695-5870  
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Formations (lithologies) Wireline Depth Notes 

Ordovician Shales 5870-7365  

Trenton/Black River Limestones 7365-8153  

Beekmantown 8153-8626  

Rose Run 8626-  

Total Depth 8707  

 

The Miley #1 is the deepest well with recorded logs within at least a 5 mile radius providing 

much needed data on potential injection formations.  Figure 3.21 shows the depths of wells in a 5 

mile radius of the Miley well.  The wells confirm the regional potential of the Rose Run as a CO2 

sequestration candidate in the vicinity of Mountaineer plant.  Of the three wells, the Miley #1 

had the least reservoir (due to depth drilled) in terms of net thickness, and the Jarrell #1 had the 

greatest.  A total of 24 rotary sidewall cores were cut in the Miley #1, primarily from the Rose 

Run.  Table 3.12 gives the results from core testing. 

 

 

Figure 3-21.  The Miley #1 is shown in pink and all the wells within a 5 mile radius are in green.  
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Table 3-12. Miley J Unit #1 Core Data 

Miley J Unit #1 

Depth 

(ft) 

Density 

(g/cc) 

Core 

Porosity 

(%) 

Core 

Permeability 

(mD) 

8600 2.82 0.73 0.001 

8610 2.73 1.05 0.002 

8615 2.75 1.87 0.002 

8624 2.79 0.47 0.001 

8628 2.69 2.84 0.015 

8630 2.59 6.78 1.59 

8632 2.55 7.86 2.39 

8634 2.55 6.55 3.11 

8639 2.75 1.83 0.002 

8644 2.82 0.76 0.001 

8649 2.635 4.44 0.003 

8654 2.79 0.6 0.001 

8658 2.71 1.22 0.001 

8661 2.5 10.14 12.5 

8663 2.51 7.12 0.479 

8666 2.5 8.54 1.35 

8668 2.55 6.41 1.54 

8670 2.6 5.93 0.442 

8672 2.595 2.54 0.002 

8674 2.64 6.91 1.29 

8678 2.8 0.74 0.001 

8680 2.8 -14 0.002 

8682 2.66 4.95 0.01 

 

Openhole wireline logs collected for this well included both the triple combo and borehole sonic.  

The depths of formations encountered at this site were consistent with the regional 

characterization in that the same formations were seen at greater depth than in AEP #1 or Jarrell 

#1.  The sonic log showed excellent caprock characteristics (low porosity) in formations such as 

the Ordovician Shales and Trenton/Black River Group. 

 

The Beekmantown showed variable porosity values on the sonic log that are most likely due to 

borehole washouts and the mechanism by which the tool itself measures porosity.  The 

Beekmantown is often associated with layers that contain some amount of secondary porosity, 

which is inherently more difficult for a sonic tool to detect accurately.  Porosity streaks in the log 

may have been caused by a combination of both washouts and secondary porosity although 

further conclusive testing would be required for verification.  Figure 3.22 shows a neutron 

density crossplot for Beekmantown at the Miley site. 
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Only approximately the uppermost 25 ft of the Rose Run Sandstone was measured with the sonic 

tool and showed streaks of variably porous layers ranging from 0 to 11%.  The limited results 

from the Rose Run in this well are consistent with the sonic porosity values seen in the Jarrell #1 

(Figure 3-23).  Slightly higher porosity values were observed in the Jarrell #1 that are likely due 

to a generally finer textured matrix and probably more clay and carbonate cement.  Figure 3.24 

shows a neutron density crossplot for the Rose Run at the Miley site. 

Figure 3-22. Cross plot of NPHI vs. RHOZ in the Beekmantown formation of the Miley Well. Data points 

indicate a mostly low to medium porosity dolomite.  

 

3.9. McKelvey #3 

Murphy Oil Company planned to complete a deep well (McKelvey #3) in Lebanon Township, 

Meigs County, Ohio, for the exploration of gas and oil.  The borehole was originally planned to 

be completed to the bottom of the Rose Run Sandstone at a depth of approximately 8,500 ft.  

However, it was decided to extend the borehole to the potential porosity zone in the Copper 

Ridge Dolomite.  The primary objectives were to characterize the properties of the Rose Run 

Sandstone, evaluate possible porosity zones, similar to those observed in the other wells (such as 

AEP #1) in the area.  In addition, the identification and logging of the other potential porosity 

zones and caprock layers was an added benefit. 
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Figure 3-23.  Comparison of sonic logs from Jarrell #1 and Miley #1.  (Red) caliper, (green) gamma ray, 

(black) sonic porosity and (blue) delta t. 

 

 

Figure 3-24. NPHI vs. RHOZ for the Rose Run Sandstone in the Miley well. The data points indicate a low to 

high porosity calcium rich sandstone. 
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The drilling was initiated on January 25, 2009.  Due to the increasing thickness of the Cambrian 

section, the actual formation tops in the deeper layers were 300 to 500 ft deeper than estimated in 

the prognosis.  The well was completed on February 13, 2009 with several days of shutdown due 

to icy conditions on the drill rig.   

 

No water was encountered in the Rose Run Sandstone, contrary to expectations based on other 

wells in the area.  Therefore, drilling of the Copper Ridge was continued on air.  Water was 

encountered at a depth of 9,082 ft on February 8.  Due to issues with circulation, it was 

recommended that the wireline tools not be passed near the interval producing water in order to 

prevent damage to or loss of the tools.  Basic wireline logging (gamma ray, neutron, 

compensated density, caliper, and guard logs) was performed by Murphy Oil between the depths 

of 2,050 and 6,000 ft.  The formation picks based on drilling, mudlogs, and wireline logs are 

shown in Table 3-13. 

 

The Lower Copper Ridge high porosity zone that was apparent in AEP #1 was also evident in the 

McKelvey #3 from the drill cuttings and the rate of penetration.  This is significant because it 

provides evidence that the porosity zone that is being injected is most likely continuous.  

 

Table 3-13.  McKelvey well formation tops.  

Formations (lithologies) Other Logger Notes 

Ground level elevation 570 570  

Kelly bushing (datum) 580 580  

Surface casing set to:  2118  

Berea ss. 1980-1983 

(prognosis) 

  

Ohio sh.      -4096  

Marcellus sh.  4086-4096  

Big Lime ls/dol.  4096-4154  

Oriskany ss.  4154-4168  

Bass Island/Helderberg dol.  4168-4377  

Salina dol.  4377-4860  

Newburg/Lockport dol.  4860-5182 oil show @ 4980’ 

Niagaran sh.  5182-5473  

Packer Shell dol.  5473-5503  

Clinton ss/sh  5503-5650  

Medina ss.  5650-5668  

Queenston/Utica sh.  5668-6960  

Trenton ls. 6960-7050 

(drillrate & 

cuttings) 

  

Black River ls. 7050-7760   

Gull River ls. 7760-7820  minor gas shows 

Wells Creek/Glenwood sh. 7820-7950   

St. Peter ss. 7950-7978   

Beekmantown dol. 7978-8610   



DE-FC26-05NT42434 Final Technical Report 

Battelle, December 2009 

60 

 

Formations (lithologies) Other Logger Notes 

Rose Run ss. 8610-8736  v minor gas shows 

Copper Ridge dol. 8736-9040   

Copper Ridge porosity zone 9040-  water 

Total depth 9083  driller 

    

 

3.10. Duke Energy 1 

The No. 1 East Bend test well was drilled as part of the MRCSP small-scale demonstration 

program to a total depth of 3700 ft, cutting the entirety of the Ordovician and Cambrian sections 

as they exist at this site, plus 168 ft of the underlying PreCambrian Middle Run formation.  

There is little definitive data available for the rocks and reservoir conditions in this tri-state area 

of Kentucky, Indiana, and Ohio. The East Bend project presented the opportunity to collect as 

comprehensive a suite of logs and cores as possible in order to accurately define lithologies, 

reservoir properties, rock mechanics, and to a lesser degree, depositions of environment.  The 

formation tops from this well are presented in Table 3-13 and a brief description of the deeper 

layers is given below.  A more detailed report on this injection testing in this well is being 

prepared under the MRCSP program. 

 

Table 3-14.  Duke Energy well formation tops.  

Formations (lithologies) Driller/Logger Notes 

Ground level (datum)  526/526  

Derrick floor  534/534  

Lexington/Trenton ls.  212-296  

Highbridge/Black River ls.  -694/296-698  

Wells Creek sh.  694-724/698-722  

Beekmantown dol.  724-900/722-904  

Rose Run ss.  900-980/904-976  

Copper Ridge dol.  980-2700/976-2686  

Davis sh.  2700-2770/2686-

2782 

 

Eau Claire dol.  2770-3232/2782-

3230 

 

Mt. Simon ss.  3232-3532/3230-

3532 

 

Middle Run ss  3532-/3532-  
Total depth  3700/3700  

 

The Beekmantown dolomite (722 to 904 ft) appears in tones of light brown or light gray, and 

white. Texturally it is dense and primarily micro- to very finely crystalline, though some finely 

crystalline rock was noted. Portions are slightly sucrosic and these appear in the cuttings without 

obvious signs of porosity. Clear, very fine grained quartz sand floats conspicuously in the 

dolomite at about 730 ft, and very fine to medium-grained quartz appears as isolated grains from 

875 to 890 ft. Translucent, light gray chert is abundant in the uppermost 20 ft of the unit. No 
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shows or gas or oil were observed from the Beekmantown.  Although the drill rate was more 

erratic than was the case in the overlying limestone, this irregularity is common in dolomites, 

especially in light of the chert that is present. 

 

The Rose Run sandstone (904 to 976 ft) is composed primarily of well-sorted, medium-grained 

quartz, though very fine to coarse fractions are also present. Grains are typically sub-rounded. 

The sand is interbedded with a buff, micro- to very finely crystalline dolomite. Dolomite can be 

discerned as a cementing agent in the few sandstone rock fragments that are found in the 

cuttings, but in large the sand appears very friable. During drilling, subtle increases in rate of 

penetration could be correlated to the sandstone portion of the Rose Run. No natural shows were 

recorded. The Rose Run was not a zone of primary interest and the intent was to set surface 

casing safely into the Beekmantown. 

 

On the wireline logs the 1710 ft thick Copper Ridge (976 to 2686 ft) shows sufficient differences 

to informally consider it in two sections. Those log characteristics can be readily discerned in the 

cuttings. The upper 925 ft is composed of dense, micro- to very finely crystalline dolomite in 

light tones of brown, some gray, and white. Accessory minerals provide the most interest. Light 

grey, translucent chert is abundant down to 1900 ft and equaled or exceeded 10% of the sample 

volume at 1030 ft, 1350 ft and 1410 ft. Trace amounts of quartz sand are scattered throughout 

and isolated trace amounts of pyrite were observed. The lower portion of the Copper Ridge is 

more nearly a pure dolomite, absent the chert and most of the quartz sand seen in the upper half. 

Overall, the Copper Ridge was drilled without significant or unusual changes in rate, and no 

shows were recorded from the Copper Ridge. 

 

The Mt. Simon (3230 to 3532 ft) is the objective reservoir for the East Bend test well. The Mt. 

Simon is informally assigned an upper, middle, and lower section, each having a set of more or 

less distinct characteristics. The upper section (3230 to 3360 ft) of the Mt. Simon is the thickest 

and most singularly distinctive of the three.  In the cuttings it is seen as a friable, white or rose 

colored quartz sand.  Texturally it is medium to coarse grained, but very well sorted so that the 

medium fraction predominates.  Individual grains are sub-rounded and variously show frosting, 

overgrowths, or pressure-solution surfaces.  A minor amount of shale is present in the cuttings, 

particularly toward the top of the unit.  Some low to moderate angle crossbedding was evident in 

a conventional core 3300 to 3301 ft. A 32 unit gas show was recorded at 3334 ft while drilling 

overbalanced.  
 

Solution gas is common to reservoirs in the Appalachian and Illinois Basins and short-lived 

shows such as this are rarely indicative of sustained gas delivery; when put to test, most quickly 

prove the reservoir to be water saturated.  
 

The wireline logs confirmed the visual assessment of the upper section.  The gamma ray is 

generally clean (30 to 70 units) with occasional spikes to suggest interspersed clays (shale).  

Absent any change in lithology the SP is essentially flat.  The PE reads about 2.0 (quartz) with a 

few spikes to 3.0 to reflect the clay content in the thin shale beds.  Density is low, running 2.55 

to 2.50 g/cc through most of the unit and returning porosity values in the 8 to 12% range.  

Correct in a sandstone, the neutron curve reads a slightly lower 4 to 8% porosity.  The 

geochemical processed log shows quartz representing 90% of the upper unit and clays represent 

the remainder.  Most of the geochemical processed log porosity is in the 5 to 10% range, and 
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most of that is closer to the high end.  Despite the favorable porosity, permeability is represented 

as being 1 mD or less. 

 

The middle section (3360 to 3415 ft) of the Mt. Simon is very similar to the upper section except 

for the inclusion of thicker, more prominent shale beds.  The texture widens to include fine 

grained sand, but overall a well-sorted, medium grained sand predominates.  Medium to light 

gray shale makes up about 20% of the cuttings, and glauconite, pyrite, and biotite are seen in 

minor to trace amounts.  A short-lived 22 unit gas show was recorded at 3446 ft.  
 

The gamma ray log records over a wider 30 to 200 unit range to reflect the alternating sandstone 

and shale beds.  The spontaneous potential (SP) curve shows some variation, contrasting the 

sandstones from the non-permeable shales.  Density readings are similar to what is seen in the 

upper section, but the neutron values are higher at 8 to 12%, the effect of the included shale beds 

and slightly greater clay content in the sandstone portions.  The geochemical processed log 

represents porosity values of 5 to 10%, most of the sand being in the 10% range. As is the case 

for the upper section, the good porosity values do not necessarily translate to good permeability, 

as most of the values are below about 1 mD.  

 

The lower unit (3415 to 3532 ft) of the Mt. Simon is a series of 5 to 15 ft thick sandstones 

interlayered with medium to light gray, silty shales with minor admixtures of glauconite and 

biotite, and traces of pyrite.  The sand consists of a clear, fine to coarse grained quartz, each 

individual bed appearing to be composed of a very well sorted, single fraction size.  As is the 

case throughout the Mt. Simon, a variety of grain surface features are evident, including frosting, 

percussion marks, and some pressure solution surfaces.  A short-lived 60 unit gas show was 

recorded at 3468 ft. 

 

As was the case for the middle portion of the Mt. Simon, the gamma ray, SP, and PE show the 

effects of interbedded sandstone and shale.  Distinguishing the lower section from the middle are 

the higher porosity indicators.  The density shows porosity of 14 to 18% in most of the sandstone 

portions and the neutron shows 8 to 12%. The geochemical processed log indicates that the entire 

lower Mt. Simon lithology is dominated by quartz, sand in the sandstone and silt and clay-sized 

fractions in the shale. Porosity is 10 to 20% with most of the sand packages having 15% 

porosity.  In hand with the increased porosity, permeability is generally in the 5 to 10 mD range, 

and about half of the pore space is represented as being movable water. 

 

3.11. Hart-Feuring Well 

The Hart-Feuring well in Oceana County, Michigan was completed during July 2007.  The 

piggyback program supported extension of the well from about 4,300 ft to 6,874 ft and was 

drilled through the St. Peter and into the top of the Mt. Simon sandstones, key sequestration 

targets in the Michigan Basin.  The formation tops are presented in Table 3-15.  The data 

indicate that the St. Peter in this area has up to 20% porosity and is several hundred feet thick. 

 

Both the sonic and triple combo logs confirm excellent porosity of up to 20% in the St. Peter 

formation.  Elemental capture spectroscopy reveals a predominately quartz matrix with 

indications of the presence of formation waters.  The image log shows multiple healed fractures 
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on this interval although mineralization along the fracture plane could occlude any potentially 

enhanced permeability (Figure 3-25). 

 

Table 3-15.  Hart-Feuring well formation tops. 

Formations (lithologies) Depth Notes 

Ground level elevation  899  

Kelly bushing (datum)  912  

Ellsworth Shale 1178-1758  

Antrim Shale 1758-1910  

Traverse Formation 1910-1980  

Traverse Limestone 1980-2392  

Bell Shale 2392-2477  

Dundee Limestone* 2477-3164  

Salina G 3164-3406  

C Shale 3406-3489  

B Unit 3489-3527  

B Salt 3527-3721  

A-2 Carbonate 3721-3847  

A-2 Evaporite 3847-4194  

A-1 Carbonate 4194-4260  

A-1 Evaporite 4260-4291  

Niagaran 4291-4422  

Clinton Formation 4422-4570  

Cabot Head 4570-4590  

Manitoulin 4590-4617  

Cincinnatian 4617-4850  

Utica Shale 4850-5025  

Trenton 5025-5201  

Black River Shale 5201-5216  

Black River 5216-5333  

Glenwood 5333-5387  

St. Peter Sandstone 5387-5755  

Prairie du Chien 5755-6137  

Trempealeau 6137-6255  

Franconia 6255-6322  

Dresbach 6322-6440  

Eau Claire 6440-6541  

Mt. Simon Sandstone 6541-  

Total Depth (Logger/Driller) 6874/6870  

 *Dundee Includes Reed City, Detroit River, Amherstberg and Bass Islands Formations.  The 

formations were behind casing and only a gamma ray was available making further picks 

impossible. 
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Figure 3-25.  View from image log showing healed fractures in St. Peter Sandstone. 

 

The base of the Glenwood Shale develops sandstones related to transgression over the 

underlying Knox unconformity.  In the Michigan and Illinois Basins this is the well-developed St 

Peter quartz arenite, with well rounded, frosted multi-cycle sands.  In the #1 Hart Feuring well in 

western Michigan, the St Peter is 400 ft thick and develops up to 20% porosity.  Although the St 

Peter is expected to develop pore occluding cements with increasing depth into the Michigan 

Basin, this represents some of the greatest potential for large, commercial scale CO2 

sequestration.  In Ohio, West Virginia and most other parts of the study area, the St Peter or 

positionally equivalent “unconformity sands” are thin with low porosity and permeability, and 

are not potential sequestration reservoirs.  
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3.12. Frankovitch Well 

The No. 1 Frankovitch is located in Hancock County, West Virginia, and was drilled to test the 

Marcellus shale (5,275 ft) for hydrocarbon potential.  A deeper exploration section of the well 

was drilled under this project to test the Oriskany sandstone at 5,766 ft.  The Table 3-16 details 

the formations and their corresponding depths as well as any pertinent information. 

 

Table 3-16.  Frankovitch well formation tops. 

Formations (lithologies) Wireline Depth Notes 

Ground level elevation 1241  

Kelly bushing (datum) 1251  

Surface casing set to: 1672 from Allegheny log 

Top of logged interval 500-  

Sharon sandstone (Maxton) 622-738  

No.  1 Coal (Sharon) 822-826  

Maxville limestone 826-848  

Black Hand sandstone (Big 

Injun) 

886-982  

Buena Vista sandstone 

(Weir) 

1082-1168  

Berea sandstone 1280-1304  

Huron shale (undiff.) 1304-  

Gordon siltstone  Absent 

Java shale (top Upper 

Olentangy) 

4256-4732 from Schlumberger 

log 

Rhinestreet shale 4732-5226 gas show 

Tully limestone (top L.  

Olentangy) 

5226-5272 gas show 

Marcellus shale 5272-5370 gas show 

Onondaga limestone 5370-5437  

Huntersville chert 5437-5562  

Oriskany sandstone 5562-5588  

Helderberg limestone 5588- gas show 

Total depth (driller/logger) 5750/5766  

 

The most shallow Devonian sequestration targets are the Huntersville chert and Oriskany 

sandstone.  Both are thin and exhibit marginal porosity and permeability. The Huntersville chert 

(5,437 to 5,562 ft) in the #1 Frankovitch is a mottled finely crystalline limestone interbedded 

with light to medium gray chert.  The basal part is somewhat arenaceous, and a two-foot density 

porosity zone (max 8%) with low calculated permeability occurs at the top of the interval.  The 

elemental spectroscopy log shows the composition of the Huntersville to be predominately 

quartz with minor varying amounts of carbonates (limestone and dolomite) and shales (illite) 

with roughly 2 to 4 % hydrocarbon saturation.   
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The Oriskany sandstone (5,562 to 5,588 ft) consists of friable, well-sorted, and medium to coarse 

grained quartz sand.  Calculated log porosity is around 5% with permeabilities no greater than 1 

mD.  The elemental spectroscopy log shows that small amounts (0-5%) of water exist over the 

Oriskany interval in addition to very minor hydrocarbon content.  The testing of the Oriskany 

helps provide regional data on this important sandstone.   

 

The primary wireline tools included the conventional gamma ray-neutron-density and high 

resolution laterolog suite, plus the electron capture spectroscopy and dipole sonic tools.  These 

were sufficient to derive porosity, primary and fracture permeability, water and hydrocarbon 

content, and to identify the principle mineralogical constituents.   

 

At the time of logging the wellbore was in reasonably good condition.  The first run into the hole 

was stopped at about 5,560 ft, near the top of the Oriskany.  An earlier examination of the 

cuttings from the Marcellus had indicated the shale to be brittle and likely fractured, and it is 

thought that a portion of the Marcellus sloughed and bridged the wellbore.  The bridge was 

knocked to bottom with drill pipe and the subsequent logging runs were made without incident.  

The caliper log over the Marcellus section showed the hole to be very badly out of gauge, 

thereby lending credence to the notion that a piece of Marcellus shale had indeed blocked the 

wellbore. 

 

3.13. FEGENCO #1 

The FEGENCO #1 well is located along the Ohio River near Shadyside, Ohio, across from 

Moundsville, West Virginia.  The objective at the R.E. Burger test site, a part of the MRCSP 

small-scale demonstration program, was to evaluate various geologic, regulatory, monitoring, 

and scale-up aspects of geologic storage of CO2.  A more detailed report on this well is under 

preparation as part of MRCSP efforts.  The target injection zones included the Oriskany 

Sandstone, the Salina formation, and the Clinton-Tuscarora Sandstone and the formation tops 

from this well are shown in Table 3-17.  There is a history of gas production in shallow sands, 

Devonian shales, and the Oriskany Sandstone in the general area.  The site is located adjacent to 

the Rome Trough where a series of faults lead into the trough.  However, no previously known 

faults are present through the site area. 

 

In Belmont County, the Oriskany sandstone is poorly developed with regard to both areal 

distribution and reservoir quality.  Ostensibly, both elements should improve to the east where 

the sand is of better quality and less subject to removal by post-depositional erosion.  Such is the 

case at the R.E. Burger site, where the Oriskany (5923 to 5954 ft) is developed as an identifiable 

sand to a thickness of 31 ft.  The unit is composed of a friable, coarse to fine grained, angular to 

sub-angular quartz sand.  Individual grains are frosted in most instances.  The type of 

cementation could not be determined from the cuttings.  The Oriskany fines downward and this 

is mirrored by the density porosities which decrease linearly from a maximum of 7% at the top to 

about 3% at the bottom.  Only the slightest, short-lived 15 unit gas show was noted at the very 

top of the sand.  Elsewhere in the county the Oriskany is regarded as non-productive. 

 

The Salina (6369 to 7391 ft) represents over a thousand feet of interbedded dolomite, anhydrite, 

and salt.  The wellbore became damp upon reaching the top of the Salina and a change to fluid 

drilling was made at that point.  The actual salt amounts to 177 ft net thickness over a 574 ft 
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thick gross interval at the top of the unit.  Most of the salt is contained in beds more that 20 ft 

thick.  Dissolution of the salt was minimized by the use of a salt-saturated drilling fluid.  The 

upper portions of the salt sustained the longest exposure to the fluid and were the most out of 

gauge.  This salt is commercially mined with solution wells at several points along the Ohio 

River, south of the R.E. Burger site. 

 

Table 3-17.  FEGENCO well formation tops.  

Formation 

Top 

 (ft KB) 

Bottom  

(ft KB) 

Thickness  

(ft) 

Alluvium 0 85 85 

Top bedrock 85 243 158 

Bedrock 243 1069 826 

Massillon (Salt) sandstone 1069 1096 27 

Shale 1096 1153 57 

Sharon (Maxton) sandstone 1153 1185 32 

Shale 1185 1224 39 

Maxville (Jingle Rock) limestone 1224 1263 39 

Shale 1263 1292 29 

Black Hand (Big Injun) sandstone 1292 1490 198 

Cuyahoga shale 1490 1636 146 

Buena Vista (Weir) siltstone 1636 1667 31 

Cuyahoga shale 1667 1822 155 

Berea sandstone 1822 1850 28 

Bedford-Chagrin, Huron shale 1850 2900 1050 

Lower Huron shale 2900 4306 1406 

Upper Olentangy/Java shale 4306 4495 189 

  Pipe Creek shale  4495 4536 41 

  Angola shale  4536 4770 234 

  Rhinestreet shale  4770 5481 711 

Hamilton shale 5481 5653 172 

Marcellus shale 5653 5708 55 

Onondaga limestone 5708 5923 215 

Oriskany sandstone 5923 5954 31 

Helderberg limestone 5954 6369 415 

Salina anhydrite/salt/dolomite 6369 7391 1022 

Lockport dolomite/limestone 7391 7736 345 

Niagaran shale 7736 8086 350 

Brassfield/Packer Shell dolomite 8086 8118 32 

Clinton 8118 8318 200 

Queenston shale 8318 (>8344) NA 

 

The dolomite and anhydrite portion of the Salina presents a relentless succession of thinly 

interbedded lithologies.  The anhydrite is seen in the samples as white to light gray, and dense.  

The dolomite appeared in a spectrum of light to dark grays and browns, and was noted to be 
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predominantly micro- to very finely crystalline, but near the top of the unit a few rock fragments 

were finely sucrosic.  It is probable that the actual lithology of the Salina is more complex than a 

simple anhydrite and dolomite mix, and likely contains a host of associated evaporate accessory 

minerals, such a polyhalite, that would considerably cloud estimations of rock type and porosity.   

 

The carbonates contained within the gross salt section produced a series of strong gas shows of 

up to 445 units despite the heavy (10.2 lb/gal) drilling fluid.  Due to the intimate association of 

the anhydrite and dolomite, and because the photo-electric log in this instance is not indicative of 

a discrete mineralogy, a precise description of the gas source is problematic.  More or less 

common to the wireline log at points that correspond to gas shows is a density of approximately 

2.65 g/cc, a neutron porosity of about 18%, and a photo-electric factor of about 3.5, all of which 

may suggest an impure dolomite with about 14% porosity. 

 

The Clinton/Medina sandstone is a 200 ft thick package composed predominantly at this site of 

siltstone and sandstone encased in shale.  The term “Clinton” is typically used by local drillers, 

whereas the Medina is a more formal term referring to the group of rock formations at the base 

of the Silurian system.  The Clinton is commonly divided into an upper red unit and a lower 

white unit.  The so-called Red Clinton is poorly developed in southeastern Ohio and consists 

primarily of iron-stained siltstone.  At the R.E. Burger site, the siltstone is unusually massive, 

containing very little shale.  The red unit is dense and without workable reservoir quality.  At this 

site, the White Clinton is unusually well developed with regard to thickness, showing 45 net-feet 

greater than 5% in a 67 ft gross interval.  Maximum porosity, however, is severely constrained, 

and only 5 ft has porosity in excess of 6%.  Although the White Clinton’s thickness somewhat 

offsets the low porosity, porosity less than 6% is typically accompanied by highly reduced 

permeability.  Lithologically, the white unit is composed of a well cemented, well sorted, very 

fine grained quartz sand.  Small gas shows to 155 units were recorded across from the White 

Clinton, which elsewhere throughout eastern Ohio is commonly found to be gas-charged. 

 

3.14. Pomarzynski, State Charlton 4-30 and State Charlton 3-30A Wells 

The Pomarzynski 6-35 well was drilled by Core Energy LLC in the summer of 2006 to better 

understand local scale continuity of the formations of interest.  Pomarzynski is only a few miles 

from the two MRCSP Phase II test wells and therefore is discussed in context with those wells.  

The State Charlton 4-30, State Charlton C3-30A and Pomarzynski are located in the northern 

portion of the Michigan Basin, a large mature sedimentary basin that covers most of Lower 

Michigan.  Paleozoic sedimentary rocks up to approximately 10,000 ft in total thickness underlie 

a 600-800 ft thick the glacial layer in the study area.  Precambrian crystalline basement rocks 

underlie the Paleozoic rocks.  Unconsolidated glacial drift deposits consisting of mainly clayey 

till with discontinuous layers of sand and gravel are present at the surface at the test site.  Total 

thickness of the surficial glacial layer is approximately 650 ft near the wells.  Paleozoic 

sedimentary rocks up to approximately 10,000 ft in total thickness underlie the glacial layer.  

Precambrian crystalline basement rocks underlie the Paleozoic rocks in the Michigan Basin.   

 

The State Charlton wells were drilled as part of the MRCSP program.  The wells are owned by 

Core Energy, LLC and continue down to the Niagaran Reefs, approximately 2,000 ft below the 

logged interval.  The reefs are a well developed oil reservoir in Northern Michigan.  The 

expected target, the Sylvania Sandstone, was not present in the State Charlton 4-30 injection 
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well; however the Bass Islands Dolomite was found to have sufficient porosity and permeability 

to support carbon dioxide injection.  Battelle ran wireline logs over the Bass Islands interval, 

however the well did not extend into the reefs.  Table 3-18 shows formation data for the three 

different wells. 

Table 3-18.  Formation Tops for Northern Michigan Wells 

Well 4-30 C3-30A Pomarzynski 

Glacial Drift 0-655 0-665 0-640 

Coldwater Shale 665 665 640 

Sunbury Shale 735 718 664 

Antrim Shale 1,112 1,098 1,054 

Traverse Formation 1,270 1,250 1,216 

Traverse Limestone 1,303 1,282 1,245 

Bell Shale 1,942 1,932 1,888 

Dundee Limestone 2,003 1,992 1,960 

Detroit River 2,238 2,232 2,196 

Amherstburg 2,942 2,951 2,902 

Bois Blanc 3,190 3,196 3,144 

Bass Islands Dolomite 3,442 3,450 3,396 

Bass Islands Anhydrite 3,515 3,528 3,474 

 

The Bass Islands Group in the Michigan Basin consists mostly of light brown to buff dolostone 

with argillaceous dolostone and anhydrite present lower in the section (Figure 3-26).  In core 

from State Charlton 4-30 well, the Bass Islands Group was present at a depth interval of 3,442 to 

3,700 ft.  A high-density anhydrite interval was present in the lower section at 3,515 to 3,700 ft.  

Transitional up section in core and logs is a porous and permeable dolostone unit at 3,442 to 

3,515 ft, informally referred to here as the Bass Islands dolomite.  This interval in core is the 

main injection target and is characterized by interbedded, laminated algal dolomudstone, minor 

cross-bedded and sandy dolograinstone, intraclast beds, and disrupted karstic breccia zones. 

 

 

Figure 3-26  Bass Islands Dolomite Rock Core from State-Charlton 4-30 Well 
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The Lower Devonian Bois Blanc Formation is a wide spread lithostratigraphic unit in the 

Michigan basin subsurface characterized by cherty carbonates ranging from calcareous chert, to 

cherty limestone and dolostone, to limestone and dolomitic limestone.  Bois Blanc Formation 

was present at a depth of 3,190 to 3,442 ft in State-Charlton #4-30.  Core from the test well 

consists of a distinctive and complex mixture of sparsely fossiliferous, moderately burrowed, 

chert-rich limestone, cherty dolomitic limestone and dolostone.  Complex alteration of these 

lithofacies has resulted in highly variable textures including differential compaction structures.  

Nodular gray chert in core shows irregular alteration to a lighter colored, probably more micro-

porous texture at nodule selvages.  This alteration style is volumetrically minor and constitutes 

less than 10% of cherty lithofacies. 

 

The Amherstburg Formation overlies the Sylvania Sandstone, where present, or the Bois Blanc 

Formation throughout the Lower Peninsula of Michigan except to the southwest where this unit 

thins.  In most parts of the basin, the Amherstburg is dense, tight limestone and will likely be a 

good sealing unit.  The Amherstburg ranges in thickness from a zero edge in the southwest to 

more than 100 m (300 ft) thick in the central basin.  The Amherstburg is the middle formation of 

the Detroit River Group and consists mostly of limestone.  An informal, subsurface sandstone 

member, called the Filer sandstone, occurs in areas to the west.  In the State Charlton 4-30 well, 

the Amherstburg was 248 ft thick at a depth interval of 2,942 to 3,190 ft.  The Amherstburg 

Formation in core consists of fossiliferous, dense, skeletal wackestone to mud-rich packstone.  

The rock is generally very dense with little visible porosity in most intervals. 

 

Rock formations in the interval of interest dip toward the south at approximately 50 ft/mile.  

While some anticlines and arch trends have been identified in the region there does not appear to 

be any clear structure near the site.  There is some local variation in the thickness of the target 

intervals, but no major trend in formation thickness or character.  No faults or pervasive fracture 

zones have been encountered in the area.  The target injection formations do not outcrop in any 

immediate updip area.  No other geologic features are present near the injection site that could 

result in upward leakage.  Niagaran Pinnacle reefs are present in the deeper rocks, but these 

structures are several thousand ft beneath the injection interval. 

 

The State-Charlton #4-30 well is located in Charlton Township, Otsego County, outside of 

Gaylord, Michigan.  Oil and gas production in this portion of the Michigan Basin site is active.  

Currently, natural gas is produced from Antrim shales in the area.  The target injection intervals 

included rocks at depths of 3,190 to 3,515 ft (Table 3-18).  This interval includes the porous 

portions of the Bois Blanc to the Bass Islands Dolomite formation.  The actual interval for 

injection was within the Bass Islands Dolomite at 3442 to 3515 ft, the most permeable section of 

the target storage zone.   

 

The image log suggests that large scale geologic structures in the Bass Islands formation are not 

present.  Three potential natural fractures were identified on the log near the base of the Bass 

Islands (~ 3498 ft) although they appear to be healed and therefore not capable of fluid 

transmission.  The predominant porosity and permeability likely stem from the rock matrix in the 

Bass Islands formation.  The orientation of drilling induced fractures observed on the image log 

also supports the regional horizontal stress regime. 
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The State-Charlton #C3-30A well is located in Charlton Township, Otsego County, outside of 

Gaylord, Michigan.  The State-Charlton #C3-30A well was recompleted to facilitate monitoring 

of the CO2 injection tests.  The original well was drilled to a depth of 5,800 ft for oil production 

in the Niagaran Reefs and later plugged and abandoned.  In winter 2007, the well was 

recompleted with a deviated hole kicking off at 1,690 ft and completed at a depth of 3,600 ft 

through the Bass Islands Dolomite.  Consequently, the well finished at a point approximately 480 

ft from the injection well.   

 

3.15. State Charlton & Boeve 2-6 

The State Charlton and Boeve 2-6 (Boeve Well), is an oil well drilled by Core Energy LLC in 

Otsego County, Michigan, in the northern section of the Michigan Basin to a depth of 6202 ft. 

Geophysical logs were obtained for this well down to a depth of 3606 ft, approximately 60 ft into 

the Upper Silurian Bass Islands Dolomite.  The formation tops are shown in Table 3-19. 

Table 3-19.  St. Charlton and Boeve well formation tops.  

Formations (Lithologies) Depth 

Glacial Drift   823 

Coldwater  Shale 823 

Antrim 1142 

Paxton 1293 

Norwood 1328 

Traverse 1362 

Traverse  Limestone 1400 

Bell Shale 2028 

Dundee 2095 

Detroit River 2255 

Detroit River Salt 2415 

Detroit River Sour Zone 2653 

Massive Anhydrite 2824 

Richfield 2885 

Amherstburg 3076 

Bois Blanc 3281 

Bass Islands 3603 

Bass Islands 3615 

Salina G 3932 

Salina F 3968 

Salina F Salt 4020 

Salina E 4825 

Salina E 4838 

Salina D Salt 4974 

Salina D Salt 4985 

Salina C Shale 5022 

Salina C Shale 5036 

Salina B 5097 
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Formations (Lithologies) Depth 

Salina B 5102 

Salina B Salt 5132 

Salina B Salt 5146 

A-2 Carbonate 5443 

A-2 Carbonate 5449 

A-2 Evaporite 5555 

A-2 Evaporite 5570 

A-1 Carbonate 5605 

Niagaran Brown 5658 

A-1 Carbonate 5660 

Niagaran 5702 

Niagaran Gray 6019 

 

In the Michigan Basin, the Bass Islands Group is primarily composed of an argillaceous 

dolomite with anhydrite present in the lower part of the section.  The Bass Islands Group is 

approximately 330 ft thick in the Boeve Well, however only the upper 60 ft was logged.  The 

porosity log obtained in the Boeve Well is a borehole corrected compensated neutron porosity 

log.  This log measures neutron porosity but the numbers are elevated as compared to nearby 

wells which used conventional neutron porosity logs.  However, the log has a very similar ratio 

of porosity numbers as nearby conventional neutron porosity curves when comparing formations.  

The Bass Island Group is the primary injection target for the MRCSP Phase II Michigan Basin 

test.  The 60 ft interval of the Bass Island Group logged in the Boeve Well peaks at 29% neutron 

porosity and averages 14%.  The Bass Island group is overlain by the Lower Devonian Bois 

Blanc Formation. The Bois Blanc Formation is not usually considered a very efficient injection 

reservoir or an adequate seal rock due to its sporadic porosity.  The Bois Blanc in the Boeve 

Well is 261 ft thick with 235 ft of neutron porosity over 10% and a peak of 20%.  If the Bass 

Islands was injected and the CO2 migrated upward into the Bois Blanc it would then likely be 

contained by the overlying Amherstburg Limestone.  The Amherstburg Limestone in the Boeve 

Well is a dense and tight, slightly dolomitic limestone with peak neutron porosity at 10% and 

average neutron porosity of approximately 5%.  

 

3.16. Raynor Well 

This well in Gallia County, Ohio, was completed as part of collaboration on CO2 storage 

research between Battelle and the Central Research Institute of Electric Power Industry (CRIEPI) 

under funding from the Japanese Ministry for Economy, Trade, and Industry (METI) project.  

This work followed the activities conducted during early 2004, related to site selection and 

development of drilling strategy for a test borehole in the Ohio River Valley Region. 

 

The Knox Energy Raynor No.1 well was drilled to a total depth of 2,990 ft bgs to primarily test 

the Second Berea sandstone for oil and gas potential, and secondarily to expose Pennsylvanian- 

through Devonian-aged sedimentary rocks for sampling and testing of various reservoir and 

lithologic properties.  Although all of the encountered units are too shallow for CO2 

sequestration at this site, the well provides valuable stratigraphic information and the opportunity 
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to extend observations made at the AEP #1.  Table 3-20 shows the formations and their 

corresponding depths as well as any pertinent information. 

 

Table 3-20.  Raynor well formation tops. 

Formations (lithologies) Wireline Depth Notes 

Ground level elevation 655  

Kelly bushing (datum) 661  

Conemaugh 354-680 drill 8 5/8” hole w/ air 

Maxville Limestone 1050-1234  

Black Hand 1234-1775  

Berea Sandstone 1775-1797   

Devonian Shales 1797-2643  

Lower Huron Shale 2643-2896 no gas on air, faint 

fluorescence in cuttings  

Olentangy Shale 2896 Core 2301-2331 ft, 

2650-2680 ft 

Total Depth (driller/logger) 

 

2990/2982  

 

At this site the shallower units including the Pennsylvanian and Mississippian rocks show signs 

of multiple fractures and faults, mainly in the Conemaugh Group.  Faulting mostly occurs 

shallower than 1000 ft although some of the fault picks may be associated with scour features.  

None of the faults on the image log show offsets of more than 1 to 2 inches.  Figure 3-27 shows a 

rosette diagram of the strike directions from the picked faults on the image log.  From the 

diagram, the main directions of strike are: N-S, NW-SE and NE-SW which are consistent with 

the regional stress regime. 

 

 

Figure 3-27.  Rosette diagram from image log showing fault strike directions in Raynor D #1. 



DE-FC26-05NT42434 Final Technical Report 

Battelle, December 2009 

74 

 

 

The Upper Devonian sandstones may have EOR or sequestration potential deeper in the 

Appalachian Basin.  Both units of the Berea Sandstone are present in this well from 1775 to 1797 

ft, compared to 472 ft in the Dager #1, demonstrating that this lithologic package is contained at 

increasing depth toward the Appalachian Basin.   

 

Ten 30-foot-long cores were cut from various points in the wellbore with the intent to sample as 

diverse a range of lithologies as possible.  Core 4 (1,099 to 1,119 ft bgs) was ended after coring 

20 ft, but otherwise core recovery was complete. 

 

The first log run to a depth of 1,976 ft bgs included a gamma ray, compensated neutron, 

compensated density, photoelectric, array induction, array sonic, image, and elemental capture 

spectroscopy suite.  Magnetic resonance and a formation water sampler were planned, but the 

tools were unavailable at the time of logging.  The second wireline log (from 1,976 to 2,990 ft 

bgs) included the gamma ray, compensated neutron, compensated density, photoelectric, array 

induction, and elemental capture spectroscopy suite. 

 

The uppermost part of the Devonian System includes the oil- and gas-productive progradational 

Berea and Cussewago sands.  This interval has been carefully studied and well documented in 

West Virginia in relation to hydrocarbon exploration.   

 

The Cussewago (Second Berea) sandstone is a fine to medium grained quartz sandstone 

described as an offshore bar or barrier island sand deposited in the Red Bedford delta on the 

surface of the underlying Devonian shales.  It covers an area about 7 miles wide and 60 miles 

long on a north-south axis.  Effectively encased in the shales of the Bedford delta, the 

Cussewago is an ideal stratigraphic trap and produces some oil and gas everywhere it is present.  

Wells located along the stratigraphic sand pinch-out may not sustain commercial production.  

The Cussewago was thin at the Raynor #1, and appears to be at the very edge of a bar, with a net 

sand thickness of 5 ft, and average porosity of 10%.  A gas show was encountered during 

drilling, and Core #8, which cut the top of the sand, bled live oil at the surface   

 

The First Berea sandstone is present across eastern Ohio as a blanket of very fine quartz, shelfal 

sandstone that crops out near the central part of the state along a north-south line.  This sandstone 

is well known from surface geology and from thousands of penetrations during the drilling of oil 

and gas wells.  The unit typically exhibits a thickness of 5 to 40 ft.  Oil and gas production 

depends primarily on structural entrapment, but there is enough variation in lateral permeability 

and porosity to result in stratigraphic entrapment in some areas.  In the Raynor #1, the Berea is a 

single 22 foot unit, is moderately friable, and has log porosities of 10 to 14%.  Samples indicated 

minor interbedded thin shales; there were no gas shows during drilling.   

 

The Cuyahoga interval contains shales and siltstones that exhibit little lithologic diversity.  The 

upper half of the interval is light- to medium-gray shale, silty in part.  The lower half is light-

gray, argillaceous siltstone.  The Weir sandstone, which is a regional hydrocarbon target, may be 

present in the middle of the Cuyahoga.  Although the Weir is present in the nearby #1 Dray, it is 

absent in the Raynor #1 well,   
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The Devonian shales in Gallia County are divided into three principal units.  The lowermost 

Olentangy unit is primarily light-gray, fissile shale that is calcareous in part and may contain thin 

beds of limestone.  The Lower Huron constitutes the middle portion of the system, and consists 

of interlayered gray shale and organic-rich black shale.  Due to the presence of the black shale, 

and its associated gas production, the Lower Huron is considered a zone of interest to the 

regional oil and gas industry.  The upper portion of the Devonian system is undifferentiated 

Upper Huron and Chagrin gray shales.   

 

The organic-rich Lower Huron has received considerable attention from drillers because of 

potential gas production.  Several wells have been drilled to test the Lower Huron in Gallia 

County, Ohio, but there is as yet no commercial gas production.  A successful Lower Huron 

shale gas field was developed in the late 1970’s and early 1980’s in West Virginia, only a few 

miles east of Gallia County.  Although the wireline audio log, which detects audible sound 

within the borehole, indicated a few zones to be feeding small amounts of gas into the wellbore, 

the gas detector failed to record gas while drilling on air.  The entire Devonian shale sequence 

thickens eastward into the Appalachian Basin: the shales thicken at a rate of 8 ft per mile 

between the #1 Jarrell and the Raynor, a distance of 4 miles. 

 

3.17. Batten & Baird K-2605 

The Batten and Baird K-2065 (K-2065) was a test well drilled in Pike County, Kentucky with the 

purpose of being a commercial gas producer.  Pike County is one of largest producing natural 

gas counties in the eastern US with over 6,000 wells drilled and more than 30 billion cubic foot 

produced annually.  From a sequestration perspective, regions like this will need careful 

characterization to ensure plugged or abandoned wells are not potential leakage pathways. 

 

This well was drilled down to a total depth of 5,036 ft, 236 ft into the Olentangy Shale, by Blue 

Flame Energy Corporation, which allowed access to the well to Kentucky Geological Survey for 

evaluation of CO2 adsorption potential of organic shale.  Partial funding for the logging was 

provided through MRCSP piggyback drilling program to enhance regional geologic framework 

development.  The formation picks from this well are shown in Table 3-21.  The most common 

producing formations in the area include the Mississippian Big Lime, the Upper Devonian Berea 

Sandstone and Devonian Ohio Shale. Potential injection formations consist of the Ohio Shale as 

a primary focus and the Berea Sandstone as a secondary possibility.  Other deeper potential 

injection formations underlie the Olentangy formation.  The K-2065 is drilled in the Southern 

Appalachian Basin with approximately 12,000 ft of Paleozoic sedimentary rock overlying the 

Granitic Cambrian Basement about 5 miles north of the major Pine Mountain thrust fault.    

 

The Berea Sandstone is a prolific oil and gas producer in the Appalachian Basin with the 

underlying Ohio Shale section considered to be the source rock for the natural gas contained in 

the Berea .  The Berea is overlain by the Lower Mississippian Sunbury Shale which acts as a seal 

for the natural gas.  It is believed that CO2 injection into the Berea Sandstone would behave in a 

similar fashion.  In the K-2065, the top of the Berea Sandstone lies at 4022 ft and the base at 

4148 ft with a gross thickness of 126 ft.  The Berea is divided into clean lobes of sandstone 

partially separated by shaley siltstones.  In the unit porosity peaks at 19% (DPHZ) and has 25 ft 

of (DPHZ) porosity > 6% with an average around 3 to 4%.  Figure 3.28 shows a neutron density 

crossplot of the Berea in the Batten & Baird well.  Although in this area of southeastern 
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Kentucky the Berea is at a depth greater than 4000 ft, the K-2065 was drilled near the top of a 

ridge with the topography in the area significantly adding to its depth.  If a well was drilled only 

a mile away on the valley floor, the top of the Berea Sandstone would be approximately 1000 ft 

shallower.  The Berea Sandstone also shallows quickly to the north and the west; therefore, can 

only be considered a potential reservoir in a limited area.  However, it continues to be at a 

sufficient depth to the east and the south in western Virginia, and southwest West Virginia. 

 

Table 3-21.  Batten & Baird well formation tops.  

Formations (lithologies) Depth 

Sand and Shale 0-68 

Void/coal 68-70 

Sand and Shale 70-158 

Void/coal 158-160 

Sand and Shale 160-470 

Coal Void 470-473 

Sand and Shale 473-548 

Coal Void 548-552 

Sand and Shale 552-664 

Coal Void 664-669 

Sand and Shale 669-705 

Coal Void 705-710 

Sand and Shale 710-1017 

Coal  1017-1020 

Sand and Shale 1020-1566 

Salt Sand 1566-1820 

Sand and Shale 1820-2088 

Salt Sand 2088-2454 

Shale 2454-2740 

Maxon Sandstone 2740-3050 

Shale 3050-3190 

Little Lime 3190-3324 

Big Lime 3324-3524 

Weir 3524-3960 

Coffee Shale 3960-4022 

Berea Sand 4022-4140 

Cleveland 4140-4224 

Chagrin 4224-4330 

Upper Huron 4330-4430 

Middle Huron 4430-4660 

Lower Huron 4660-4800 

Olentangy 4800- 

TD 5031 
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Figure 3-28. A cross plot of Bulk density v Neutron porosity over the Berea sandstone in the K-2065 displays 

the majority of the events falling in the limestone to dolomite range and a minority in the sandstone and 

lower density range. This is due to relatively thin lobes of lower density clean sandstone inter bedded in a 

more dirty and shaly sand. 

 

Underlying the Berea Sandstone is the 758 ft thick section of the Devonian Ohio Shale.  The 

Ohio Shale is divided up into the Cleveland, Upper, Middle and Lower Huron Members.  The 

Ohio Shale is most commonly known for natural gas production.  This section of the Ohio Shale 

is the primary driver responsible for most of the Southern Appalachian basin gas production.  It 

acts as both the source and reservoir for natural gas (mostly methane).  Structurally, the Ohio 

Shale section thickens slightly and gets deeper to the east and southeast and significantly thins to 

the north and to the west.  The Lower Huron section of the shale remains at a suitable depth (> 

2500 ft) throughout the majority of the Southern Appalachian Basin and maintains a consistent 

lithologic character making it a very large scale potential injection formation.  In organic shales, 

such as the Ohio Shale, natural gas molecules adsorb to the clay and kerogen surfaces.  It is 

believed that CO2 is preferentially adsorbed to these surfaces over methane at a rate of a least two 

to one  Therefore, methane would desorb as a result of the adsorbing CO2 resulting in enhanced 

natural gas recovery and very effective CO2 storage.  The organic shale would then act as both 

the reservoir and trap for the injected CO2.  
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The Ohio Shale is characterized in the K-2065 by a relatively high gamma ray with an average 

API count of around 200; however, in the Lower Huron with a higher total organic carbon, API 

counts can peak at over 400.  Porosity through the section averages 4 to 6% and peaks at 12% 

neutron density. Natural fractures are common in the Ohio Shale, especially in zones 

characterized by a large variance in porosity and gamma ray counts such as the Lower Huron 

section.  In the Lower Huron section, the black organic shale is interbedded with laminated 

siltstones.  These siltstones are far more brittle than the surrounding shale and are much more 

prevalent to natural fracturing. The natural fractures could then potentially act as conduits for 

CO2 increasing potential injection rates and storage capacity.  Since these fractures are local and 

mostly associated with the lower section of the Ohio shale, they do not pose a risk for CO2 to 

significantly migrate up section.  Therefore, the Lower Huron of the Ohio Shale would be the 

best choice for CO2 injection.  The overlying Middle and Upper Huron Sections, as well as the 

Cleveland member, all have relatively low porosity and low permeability creating a very 

effective seal for the injected CO2. 
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4.0 CONCLUSIONS 

The primary objective of this project was to increase start enhancing the available information on 

potential reservoirs and caprocks for geologic storage of CO2 in the Midwestern USA through 

leveraging the oil and gas drilling efforts.  This collaboration was developed undertaken at 

several drilling locations in Ohio, Michigan, West Virginia, and Kentucky under the current 

project, as well as, in related projects such as the MRCSP and the Ohio Valley CO2 Storage 

project at and near AEP’s Mountaineer Plant.  The data collected from all of these wells is 

presented in the report, along with discussion on how each location fits into the regional 

geological context.  Some key observations about the methodology used here and geological 

insights gained are presented in this chapter. 

 

4.1. Project Execution and Data Collection Methods 

 

The project was executed under several key tasks to ensure that the optimum opportunities for 

participation in piggyback efforts with regional oil and gas industry can be identified, evaluated, 

and implemented.   

 

 Permitting and drilling activity in the region was monitored regularly.  However, most of 

the successful opportunities resulted from networking with oil and gas operators and state 

geological surveys in the region.  The primary emphasis was on finding opportunities that 

can help fill data gaps in key formations or regions of interest.   

 Opportunities of interest were further evaluated relative to practical factors such as 

available data in the area, willingness of the operator to collaborate, timing of drilling, 

drilling risks, and cost-benefit aspects.   

 Selected opportunities were discussed with the DOE project manager prior to final 

decision to proceed. 

 An agreement was developed with the operators with regard to the scope of participation, 

cost sharing, and roles and responsibilities.  Additional vendors, such as those for 

wireline logging were procured and planning for field execution was completed. 

 The actual extent of participation ranged from an observational role, to collection of logs 

or sidewall cores from zones of interest.  In a few selected cases, the decision was made 

to support additional drilling to reach the zones of interest.   

 

The site characterization included a combination of mud logging, wireline logging, rock core 

collection, and geotechnical testing of rock cores from the wells. 

 

Logging - The primary way for data collection in this project was through wire line well logging. 

In traditional oil and gas well data collection in the region only a certain basic suite of logs are 

obtained. These usually include a gamma ray, a caliper, shallow and deep resistivity, and neutron 

and density porosity. These standard logs are important and usually considered sufficient to 

gather the required data when drilling for oil or gas. However, there are different objectives 

when evaluating formation for carbon injection potential.  The standard logs were run on all the 

wells in the project as well as some much more uncommon logs, such as a dipole sonic, various 

image logs, magnetic resonance logs, wire line pressure tests, elemental spectroscopy logs, and 
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geomechanical processed logs.  Some observations regarding the applicability of these tools are 

discussed below: 

 

 An elemental spectroscopy tool determines the percentage of eight common earth 

elements in a particular rock unit.  These elements can then be used to determine 

mineralogy.  The resulting mineralogy is typically a non-unique solution, since some 

rocks with very different properties may have similar mineralogy; however, knowing the 

basic geology will typically prevent any errors.  This tool is particularly useful when little 

is known about the lithology prior to drilling.  Formations that are considered excellent 

reservoirs for carbon sequestration are often poorly characterized by oil and gas 

exploration due to their lack of economic value.  Porosity or permeability calculations for 

these poorly understood reservoirs can often be very uncertain.  By incorporating 

lithologic constraints gleaned from an elemental spectroscopy log, the porosity and 

permeability estimates become much more reliable.   

 Sonic logs are a measurement of the travel time needed for a sonic pulse to travel from 

source to receiver through a formation.  Sonic logs can be used to compute formation 

porosity and to create synthetic seismograms to correlate seismic data.  This is 

particularly important when little seismic data have been recorded in an area.  In addition, 

a dipole sonic tool can be run to collect shear wave velocities, compute geomechanical 

parameters, and Stoneley waves.  These Stoneley waves can be used as an indirect 

estimate of permeability. 

 Electrical image logs create a 360 degree picture of the borehole showing resistive and 

conductive features.  This allows for the identification of borehole features such as 

borehole breakout, tensile fractures, localized faults and fractures, karst, bedding planes 

and vugs.  This can be particularly useful in establishing the type of porosity in a 

formation and its depositional environment.  Deposition is typically important for carbon 

dioxide sequestration, particularly in carbonates, to determine the likelihood of lateral 

extent of any think porous layers. 

 The downhole magnetic resonance tool is an adaptation of the same technology familiarly 

used in the medical field.  The oilfield wireline tool was specifically designed to generate 

porosity and, particularly, permeability data in clastic rocks.  By virtue of its ability to 

generate continuous data, as opposed to selected pinpoint data from sidewall or 

conventional cores, it produces an enormous amount of data at a low or even reduced cost 

compared to other methods.  Turnaround time is considerably less than for lab-derived 

core data.  The magnetic tool is not applicable to either shale or carbonates reservoirs.  

The actual accuracy of the magnetic resonance permeability versus core-derived 

permeability is still being studied. 

 

For the most part logging was completed successfully during this project.  However, in some 

cases the unavailability or malfunction of tools led to less than optimal logging.  At least in one 

case, the desired logs could not be run due to the potentially unstable borehole conditions. 

 

Coring - Formation coring was also used for data collection during this project. Although some 

whole cores were available from other projects, only sidewall cores were collected under the 

current project. Whole cores provide maximum coverage of data but are relatively expensive. 

Sidewall cores provide data over a large range of the targeted formation and are relatively 
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inexpensive but do not provide continuous core. Core data is very important because it is usually 

more precise than wire line logging. In core data labs used the actual rock to determine formation 

properties. This data can then been used to correlate or sometimes validate the wire line data. 

Only routine permeability and porosity analyses were conducted on a small number of cores 

samples during the current project. 

 

Seismic Surveys - One 2D seismic line was collected near the Devco well in Ohio and offers an 

insight to the lateral continuity of the target injection formations as part of the current project. In 

addition, 2D seismic lines were available from several others wells drilled as part of MRCSP or 

other projects.  However, for more detailed assessment storage potential and containment 

integrity at specific locations further seismic work including 3D seismic where feasible would be 

valuable.  

 

Analysis Methods - The data gathered from the nineteen wells in this project was analyzed 

primarily through interpretation of wireline logs through petrophysical software. Electronic logs 

were loaded into the software and log evaluation was conducted.  In addition cross plots were 

also prepared to determine the porosity regime in formations of interest. 

 

4.2. Geographic and Geologic Observations 

The wells presented in this report are spread across four states and three geologic provinces, the 

Appalachian Basin, the Cincinnati Arch, and the Michigan Basin. 

 

Ohio - Of the nineteen wells included in this report ten are in Ohio. The majority of wells are in 

east central Ohio and along the Ohio River Valley. This area is home to many coal burning 

power plants and point sources of CO2 and it is extremely important to continue characterizing 

geology of this region.  The Silurian, Ordovician, and Cambrian age rocks contain all the 

potential injection formations in Ohio. These rocks have been explored to some extent from an 

oil and natural gas standpoint but not from a sequestration potential point of view. This project 

enabled these critical injection formations to be specifically logged and cored with potential 

injection as a focus. The Copper Ridge dolomite is an important objective in this project 

especially concerning the extent to which it has favorable porosity.  The wells drilled in this area 

provided valuable evidence suggesting that favorable conditions exist in the Copper Ridge to a 

greater extent than previously thought. The presence or absence of Mt. Simon Sandstone or its 

equivalent basal sandstones and changes in its lithologic character are also illustrated in the 

report. 

 

Michigan - Five of the wells included in this report were evaluated in Michigan under the 

current project and MRCSP efforts.  Four of these wells were drilled in north central Michigan in 

Otsego County in conjunction with Core Energy LLC. The upper Silurian age Bass Islands 

Dolomite is the primary injection target in this area. These wells greatly contributed to the 

understanding of the Bass Islands Dolomite as well as their overlying confining layers; the Bois 

Blanc and Amherstberg Formations. The Bass Islands dolomite has favorable reservoir 

development and has fairly consistent high porosity across a relatively large area. The last well 

drilled in Michigan was in Oceana County in the west central part of the state. The primary target 

is the St. Peter Sandstone. The St. Peter sandstone in this area has very favorable geologic 
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characteristics and could represent some of the best large, commercial scale potential for CO2 

sequestration.  

 

Kentucky - Two wells discussed in this report were drilled in Kentucky. The first was drilled in 

the Ohio River Valley in Northern Kentucky as part of the MRCSP work. The Cambrian age Mt. 

Simon Sandstone is the primary injection formation in this area and looks to have good reservoir 

development; however, a few more test wells would benefit the regional extent. The second well 

drilled in Kentucky is in the southeastern corner of the state and MRCSP supported running of 

one of logs in this well to evaluate adsorption potential of shale. The primary objective in this 

well was to learn more about organic shales as possible injection targets. The well provided 

important localized well log data as well as laboratory analysis.  

 

West Virginia - Two wells discussed in this report were also drilled in West Virginia. These 

wells were both drilled in the Ohio River Valley. The first was drilled in the northwest part of the 

state and provided detailed reservoir data on the lower Devonian Oriskany sandstone. The 

second was drilled in the west central part of the state and provided very important data on the 

Copper Ridge Dolomite and Rose Run Sandstone at the Mountaineer Plant as part of the Ohio 

Valley CO2 Storage Project.  

 

Some general conclusions about key formations of interest in the region are discussed below: 

. 

 The Oriskany Sandstone is present only in the extreme eastern portion of the study area.  

It has been found, expectedly, as a thin, erratically developed deposit with poor to 

moderate porosity and permeability.  Although, it did not show strong promise for 

storage in the wells used in the current study, it is known to be a potentially useful 

excellent reservoir with regard to both volume and flow characteristics east of the Ohio 

River. 

 

 The Bass Islands Dolomite in Michigan Basin appears to be an excellent candidate for 

carbon injection. Porosity and permeability are favorable in the Lower Bass Islands. The 

Bois Blanc overlying the Bass Islands has low to moderate porosity and could help to 

contain CO2 while the overlying Amherstburg is very tight and is believed to be an 

excellent CO2 cap rock. 

 

 The Salina has been tested in only one well, the #1 FENGENCO in Belmont County, 

Ohio.  Locally, gas shows from the Salina are not uncommon, though they are unknown 

throughout the remainder of the study area.  Reservoir testing at the Belmont County site 

failed to develop evidence of a workable reservoir.  The very complex, interlayered and 

gradational lithology of the Salina makes it an especially difficult unit to assess. 

 

 The Lockport is known to have abundant reservoir volume in isolated sites.  This mainly 

occurs as pinnacle reef development in the Michigan Basin and as bioherms in the 

Appalachian Basin.  In Michigan the reefs have a long history of oil production.  As such, 

those reefs are well defined geographically, and provide better opportunities for study 

and utilization for sequestration.  In the Appalachian Basin the Lockport is mainly water-

bearing where porosity is developed, and that is spotty.  This erratic nature of the 
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Lockport translates to little in the way of definitive logs or focused study of the reefs.  

With the emergence of the Rose Run (Knox) as a drilling objective within the last 20 

years and the routine utilization of seismic in that quest, there has been some evidence 

that the muted draping of Lockport sediments over the Cambrian erosional remnants 

effectively seeded localized bioherm development. 

 

 The Clinton Sandstone has more than a hundred year history of oil and gas production 

in eastern Ohio and northwestern Pennsylvania.  The multitude of penetrations in the 

producing belt effectively precludes sequestration efforts.  Away from the productive 

areas, chiefly near the power generation that occurs along the Ohio River, the Clinton has 

proved to have minimal reservoir development and has not given indication of a viable 

disposal zone in early exploration. 

 

 The Rose Run sand is oil and gas productive along a trend that stretched from northwest 

Pennsylvania to south-central Ohio.  Generally the production is derived from locally 

isolated sands contained in erosional outliers and the unit is not so densely drilled that it 

cannot be considered for sequestration.  Downdip of the oil and gas producing trend,that 

is eastern and southern Ohio, and the tri-corner area of Indiana, Kentucky, and Ohio, and 

in these regions the Rose Run, although not fully explored, appears to be not as well 

developed with regard to either thickness or porosity, and the unit has not yet been shown 

as a stand-alone sequestration target. 

 

 Generally regarded as a dense, non-porous dolomite, the Lower Copper Ridge was 

found to have considerable porosity and permeability in the #1 AEP well at the 

Mountaineer site, and could be traced laterally to the offsetting AEP wells.  Though 

originally suspected of being a localized phenomenon, the piggyback effort at the 

Murphy #3 McKelvey and other wells in the area indicated that the Lower Copper Ridge 

porosity first recognized at Mountaineer has at least semi-regional extent. 

 

 The areal extent of the Kerbel is limited to central and northwestern Ohio.  Within this 

range of occurrence and at its depth, the Kerbel is not often seen, and less often exposed 

to the kind of rigorous evaluation provided the Knox Energy wells in Knox County.  

Possessed of good to excellent reservoir qualities and reliably within its known range, the 

Kerbel is an excellent sequestration target provided it occurs at sufficient depth. 

 

 The Conasauga basal sand is analogous to the more westerly Mt. Simon sandstone, and 

thus is of interest as a sequestration zone.  It is considerably thinner and less porous and 

permeable than the Mt. Simon, but has been indicated to have at least some potential in 

the Hill # 1 Devco well.  At other piggyback sites it has not tested favorably. 

 

 The Mt. Simon has long been recognized as an excellent reservoir west of the Cincinnati 

Arch and already has a history of use as a disposal zone.  MRCSP efforts have been key 

in upgrading the Mt. Simon reservoir database by employing more sophisticated logging 

tools and testing techniques.  Every bit as important is the work that has been done 

describing, characterizing, and quantifying the overlying confining layer(s), principally 

the poorly understood Eau Claire 
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4.3. Conclusions and Lessons Learned 

The characterization approach used here has proven to be extremely useful and cost-effective 

and provides a model for continued and expanded efforts, especially for formations that are 

poorly characterized for geologic storage and containment.  This includes the sparsely drilled 

deeper Cambrian and Ordovician formations in the Appalachian Basin, such as the Basal 

Sandstone, Kerbel Sandstone, Knox Dolomite, Rose Run Sandstone etc.  Even in active oil and 

gas fields, the data obtained from a number of wells in close proximity can help develop more 

detailed geologic depositional and facies models for comprehensive assessment of local-scale 

factors controlling storage feasibility. 

 

The collaboration with oil and gas industry is critical for successful execution and meeting site-

specific objectives.  This depends on both the technical evaluation of the drilling prospects and 

understanding risk sharing and contractual aspects.  A full understanding of the objectives of 

each party and a clear upfront agreement of cost sharing and drilling responsibilities are 

important for avoiding disagreements in the field.  Obviously, the host companies are most 

interested in exploring for oil and gas and ensuring that the producing zones are not adversely 

impacted due to additional drilling, logging, or testing in the wells.  In this regard, it may not 

always be possible to achieve the objective of evaluating formations of interest for geologic 

storage, if the operators deem the risk to producing zones to be unacceptable.  
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