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Preliminary Assessment of Potential Injection Strata for
Carbon Dioxide Sequestration at New Haven, West Virginia

INTRODUCTION

Th e Ohio Department of Natural Resources, Division of Geo-
logical Survey (DGS) was contracted by Battelle (Columbus, Ohio) to 
provide subsurface geologic information in support of Battelle’s carbon 
dioxide sequestration project at New Haven, West Virginia. Th e area 
of review (AOR) is a 7,300 mile² area (about 83 miles by 88 miles) 
approximately centered on New Haven, and includes portions of West 
Virginia and southeastern Ohio (fi g.1). Th e primary area of interest is 
the Ohio River corridor near the proposed site.

OBJECTIVES

Th e objective of this investigation is to prepare a subsurface geo-
logic assessment of the AOR to include: literature review/bibliography, 
all pertinent data (digital where possible), geologic cross sections, and 
structure and isopach maps of important and potential injection ho-
rizons with emphasis on the deep Cambrian geologic units. Th is in-
formation will be used as the basis for other tasks to be completed by 
Battelle including a fi eld-work plan (well design), monitoring plan, risk 
assessment, and application for underground injection permit. General 
subsurface data targeted for review include: oil and gas plays, deep wells 
to the Cambrian, and public-domain seismic refl ection data.

METHODS

Standard procedures and geologic mapping techniques were used 
to compile and represent existing geologic information. Data collected 
included: formation depths, formation thickness, well-construction 
details, formation pressure, permeability, porosity, location and avail-
ability of core samples, location and availability of brine/formation fl uid 
samples, and mineralogy for potential injection zones. Digital data were 
assembled from sources at the DGS and West Virginia Geological and 
Economic Survey (WVGES) into Microsoft Access and Geographix 
Explorer computer software. Table 1 lists digital data types and fi elds. 
Wells in the text and fi gures are referred to by both lease name and 
APINO. Th e APINO is a national standardized method for assigning 
unique identifi ers to oil and gas wells. It is expressed as a 10-digit num-
ber with the fi rst 2 digits representing the state code, the next 3 num-
bers representing the county code, and the next 5 numbers represent-
ing the permit number. No wells have been drilled to the Precambrian 
basement complex within 25 miles of the New Haven site, therefore 
interpretation of Cambrian geology in the AOR is based on data from 
wells located at distances more than 25 miles from the site (fi g. 1).

Correct and consistent usage of stratigraphic nomenclature 
has been an ongoing diffi  culty for investigators conducting regional 

stratigraphic studies across state boundaries (Janssens, 1973; Riley 
and others, 1993). A stratigraphic framework for subsurface Cam-
brian and Ordovician geologic units in eastern Ohio has been estab-
lished from previous (Janssens, 1973; Riley and others, 1993; Ryder, 
1992; Ryder and others, 1996) and ongoing work at the DGS. Th e 
Middle Cambrian in particular has been problematic in the past be-
cause of sparse deep-well data and a lack of continuous core. Another 
diffi  culty has been a lack of Cambrian paleontological studies to ad-
equately constrain lithostratigraphic correlations (Babcock, 1994). 
Recent investigations of continuous core, and lithostratigraphic cor-
relation of that core to available geophysical logs from deep wells, 
have resulted in an updated Cambrian nomenclature and stratigra-
phy from that used by Janssens (1973). Figure 2 shows a prelimi-
nary stratigraphic chart for the Cambrian and lower part of the Or-
dovician, which compares Janssens (1973) nomenclature with the 
nomenclature used for this report. Th e Cambrian stratigraphy and 
nomenclature as used in this report is an ongoing project at the DGS 
and has not been fi nalized.

A network of three-dip and two-strike cross sections were con-
structed within the AOR using Geographix software (fi g. 1). Th e cross 
sections illustrate the regional stratigraphy of the potential injection 
zones and confi ning units within the AOR. Two sets of cross sections 
were used for correlation (shallow and deep sections), with stratigraph-
ic datums on the top of the Onondaga Limestone and Maryville For-
mation, respectively.

Computer mapping was done in Geographix Explorer software 
using minimum curvature algorithms. Structure maps were made on 
the top of the Cambrian Rose Run sandstone, and Maryville Forma-
tion. A digital structure map on the Precambrian unconformity surface 
(Baranoski, 2002) was utilized for the evaluation (fi g. 3). Isopach maps 
were made of the Cambrian Rose Run sandstone, Maryville Forma-
tion, and “lower unit” of the Maryville Formation.

Computer mapping of bulk-density (RHOB) measurements 
from digital geophysical density logs was also performed for potential 
injection zones in the Cambrian Rose Run sandstone and the “lower 
unit” of the Maryville Formation. Multiple log suites (sonic, neutron, 
photo electric) from deep wells in the AOR were not available to cal-
culate lithology models of the potential injection zones. As a result, 
RHOB was chosen as the best quantifi able rock-property measure-
ment of potential injection zones within the AOR. Th e RHOB val-
ues were taken directly from the raw digital well-log data (Log ASCII 
Standard-LAS format) and were used to generate computer-contoured 
net footage maps for three bulk density cutoff s.

Th e RHOB values used for this report cannot be utilized for 
engineering calculations/estimations. Converting RHOB values into 
statistically accurate porosity values must take into account many en-
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Table 1. List of data types/fi elds in ACCESS database

FieldName Type Size Description

APINO Text 14 14 digit American 
Petroleum Institute well 
number

SHRT_APINO Text 10 10 digit American 
Petroleum Institute well 
number

PERMIT Text 8 well permit
ST_PRV Text 12 State or Province
MAPX83 Long Integer 4 Ohio state plane X 

coordinate North American 
Datum 1983 feet

MAPY83 Single 4 Ohio state plane Y 
coordinate North American 
Datum 1983 feet

LAT Double 8 Latitude
LONG Double 8 Longitude
CNTY Text 20 County
TWP Text 20 Township
LOCATION Text 255 Footage location
QUAD Text 30 USGS 7.5 minute 

quadrangle
COMPNAME Text 54 company name
LEASE Text 54 lease/farm name
WELL_NO Text 8 well number
END_DATE Date/Time 8 drilling end date
STATUS Text 8 well status
ABANDONED Date/Time 8 well abandoned
LOGCON Text 25 logging contractor
LOGS Text 255 geophysical logs
DIG_LOGS Text 2 digital geophysical logs
SAMPLE_NO Text 8 well cuttings sample 

number
SAMP_RNG Text 54 well cuttings sample range 

in feet
CORE_NO Text 8 well core number
CORE_RNG Text 155 well core range in feet
SAMPDESC Text 2 sample description Y/N
SAMPINTR Text 255 sample description interval
ELEV Long Integer 5 well reference elevation
SNBR Long Integer 5 top Sunbury Sh
BERE Long Integer 5 top Berea Ss
OHIO Long Integer 5 top Ohio Sh
ONDG Long Integer 5 top Onondaga Ls
ORSK Long Integer 5 top Oriskany Ss

FieldName Type Size Description

BASE_ORSK Long Integer 5 base Oriskany Ss
SLIN Long Integer 5 top Salina Gp
NWBGSS Long Integer 5 top Newberg Ss
BASE_NWBGSS Long Integer 5 base Newberg Ss
LCKP Long Integer 5 top Lockport Dol
BASE_PCKS Long Integer 5 base Packer shell
BRSF Long Integer 5 top Brassfi eld
TUSC Long Integer 5 top Tuscarora
OVUV Long Integer 5 top Ordovician 

undiff erentiated
TRNN Long Integer 5 top Trenton Ls
BKRV Long Integer 5 top Black River Gp
GLRV Long Integer 5 top Gull River Ls
WLCK Long Integer 5 top Wells Creek Fm.
WLCK2 Long Integer 5 top Wells Creek Fm. lower 

unit
SNPR Long Integer 5 top St. Peter Ss
KNOX Long Integer 5 top Knox unconformity
BKMN Long Integer 5 top Beekmantown Dol
RSRN Long Integer 5 top Rose Run Sandstone
NET_RSRN Long Integer 5 net thickness Rose Run 

Sandstone
CPRG Long Integer 5 top Copper Ridge Dol
KNOXB Long Integer 5 top Knox B-zone
BASE_KNOXB Long Integer 5 base Knox B-zone
BASE_KNOX Long Integer 5 base Knox Dol
CNSG_GP Long Integer 5 top Conasauga Gp
MDVL Long Integer 5 top Maynardville Ls
NCCK Long Integer 5 top Nolichucky Sh
MRVL Long Integer 5 top Maryville Fm.
ROME Long Integer 5 top Rome Fm.
MNSM Long Integer 5 top Mt. Simon Ss
NET_MRVL Long Integer 5 net thickness Maryville Fm.
PCMB Long Integer 5 top Precambrian 

unconformity
TD Long Integer 5 well total depth
FMTD Text 8 well formation at total 

depth
BATTELLE_PROJ Yes/No 1 
CTYNUM Long Integer 4 county identication number
PERF_INT Text 64 well perforated interval
CSGREC Text 255 well casing record
ROCKPRES Double 8 well rock pressure
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Figure 2.—Stratigraphic correlation chart for the AOR showing the Cambrian and lower part of the Ordovician 
(modifi ed from Janssens, 1973; Ryder, 1992; and Harris and Baranoski, 1996). Figure by the ODNR, Division 
of Geological Survey.
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gineering and geological variables that are not available for most wells 
in this study area: bore hole condition (rugosity, wash-out zones, mud 
cake buildup, etc.), drilling fl uids, drilling muds, formation fl uid den-
sity, formation fl uid temperature, formation temperature, geophysi-
cal wireline logging tool calibration, geophysical wireline logging tool 
variations, etc. For example the single variable, formation temperature 
changes signifi cantly across the AOR, thus aff ecting accurate modeling 
of RHOB across the AOR. Taking into account the numerous other 
variables, both geologic and engineering, yields an extremely complex 
relationship needed to model the porosity distribution across the AOR 
with a very incomplete data set. In addition, this report discusses the 
complex depositional, diagenetic and cementation history that aff ected 
the porosity and permeability of both the Rose Run Sandstone and 
Maryville Formation. Th ese factors add signifi cant heterogeneity to 
these units, which further complicates models using the RHOB data 
to calculate porosity across the AOR. Another diffi  culty with quantify-
ing the RHOB data as porosity across the AOR is a lack of appropriate 
well logs available. To accurately model the potential injection inter-
vals at the New Haven site, a stratigraphic test core should be acquired 

and calibrated to multiple modern geophysical wireline log suites (e. g. 
Density, Neutron, Photoelectric, Nuclear Magnetic Resonance, etc.).

Arbitrary RHOB cutoff s of 2,68, 2.55 and 2.40 grams per cubic 
centimeter (g/cc) were chosen in this investigation to illustrate an esti-
mated net footage at diff erent RHOB ranges. A porosity equivalency 
to each RHOB cutoff  is assigned and shown in the legend for each of 
the net RHOB maps. Th ese porosity equivalencies are derived from a 
RHOB versus porosity graph (Asquith, 1982) for a pure quartz sand-
stone. It is important to note that these porosity equivalencies assume 
the subject interval is of a uniform lithology (pure quartz arenite sand-
stone), which they are not. Th e complex depositional and diagenetic 
history of the Rose Run sandstone and Maryville Formation, which is 
based on deep wells more than 25 miles away, emphasize that arbitrary 
RHOB cutoff s can not be accurately assigned porosity and porosity-
feet values. To accurately model the potential injection intervals at the 
New Haven site a stratigraphic test core must be acquired and calibrat-
ed to multiple modern geophysical wireline log suites (such as Density, 
Neutron, Photoelectric, etc.). Table 3 lists the RHOB and porosity 
equivalency values calculated for deep wells evaluated.
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Figure 3.—Map showing structure on unconformity Precambrian surface in Ohio and surrounding region, and location of the New Haven site 
(modifi ed from Baranoski, 2002). Contour interval = 500 feet. See fi gure 5 for the names of major features discussed in the text. Figure by the 
ODNR, Division of Geological Survey.
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PREVIOUS WORK

Aside from regional mapping investigations that included the 
AOR, no detailed deep-subsurface investigations of the Cambrian strata 
have been conducted for the New Haven area. Subsurface studies of 
shallow strata in the area were done for the U.S. Department of En-
ergy and Gas Research Institute Gas Shales projects (Negus-de Wys 
and Shumaker, 1978; Gray and others, 1982; Ohio Division of Geo-
logical Survey, 1988). See Ohio Division of Geological Survey (1988) 
for an additional listing of shallow studies in Meigs County, Ohio and 
adjacent West Virginia. Seismic refl ection investigations were done in 
the Cottageville oil and gas fi eld 10 miles SE of the New Haven site 
(Sundheimer, 1979). References to previous work related directly to the 
objectives of this investigation can be found in the appropriate sections 
of this report. Indirectly related references are listed in the Appendix D.

REGIONAL STRUCTURAL GEOLOGIC SETTING
Precambrian Structure

Th e Precambrian Era basement complex is the foundation for 
overlying Paleozoic Era (and younger) rocks of eastern North America. 
In general terms, the Precambrian complex of the region includes all 
rocks older than 600 million years, and Paleozoic rocks include rocks 
less than 600 million years old. A thorough understanding of the geo-
logic structure, character and history of the underlying Precambrian 
complex is necessary in order to understand the geologic framework 
of the Paleozoic strata. However, the paucity of physical rock samples 
and cores from the deep subsurface of the AOR prevents a thorough 
characterization of the basement complex. Th erefore, a very general 
description is provided based on our interpretation of the limited data.

Th e Precambrian basement complex of the region consists of 
portions of the Grenville Province, East Continent Rift System and 
the Eastern Granite-Rhyolite Province (fi g. 4). On magnetic anomaly 
maps, Grenville Province metamorphic and igneous rocks of high 
magnetic susceptibility east of the Grenville Front show pronounced 
positive anomalies against less magnetic rocks of the Eastern Granite-
Rhyolite Province west of the Grenville Front (Bass, 1960; Lucius and 
von Frese, 1988). U/Pb age dates have not been determined for the 
Eastern Granite-Rhyolite Province or Grenville Province in Ohio. 
However, regional geochronological investigations outside Ohio indi-
cate the Eastern Granite-Rhyolite Province is approximately 1.3 to 1.4 
GA (Van Schmus et al., 1996), and the Grenville Province is approxi-
mately 1.0 to 1.2 GA (Culshaw and Dostal, 2002). Th e Eastern Gran-
ite-Rhyolite Province was down faulted and structurally deformed by 
continental rifting during the development of the East Continent Rift 
System. Th e rift is fi lled, in part, with Precambrian clastic sediments 
named the Middle Run Formation (Shrake, 1991; Shrake and oth-
ers, 1990) and extends from northwest Ohio to central Kentucky and 
westward across Indiana. It is thought to be part of the Midcontinent 
Rift System (Drahovzal and others, 1992) (fi g. 4).

Th e Grenville Province is an extension of the Grenville metamor-
phic and igneous terrane exposed in southern Canada, and consists of 
regionally metamorphosed igneous and sedimentary rocks formed dur-
ing the Grenville Orogeny. Within two deep wells outside the AOR, 
the Grenville Province consists of meta-gabbro, orthogneiss, granite, 
and amphibolite ((#1 Aristech (APINO 3414520212, Scioto County) 
and #1 Power Oil Company (APINO 4710700351, Wood County)). 
Th e Grenville Province underlies eastern Ohio and adjacent West Vir-
ginia and forms the underpinning structure beneath Paleozoic sedi-
mentary cover. Seismic refl ection data suggests localized Precambrian 
sedimentary units beneath the Paleozoic in eastern Ohio and adjacent 
West Virginia, however the presence of these units has not been con-
fi rmed by drilling.

Paleozoic Structure

During the Paleozoic Era, periodic structural adjustment oc-
curred along pre-existing Precambrian faults and associated zones of 
weakness. Th is adjustment aff ected faulting, sedimentation and depo-
sitional patterns during the Paleozoic (Beardsley and Cable, 1983; Ri-
ley and others, 1993).

Two regional structural features developed on the eastern Lau-
rentian craton, which was the deeply eroded Grenville Province: the 
Rome Trough (McGuire and Howell, 1963) and the Appalachian 
Basin (fi g. 5). Th e Rome Trough, which was fi rst described by Wood-
ward (1961) as a “Cambrian coastal declivity,” is considered an Early 
to Middle Cambrian age failed interior rift (Harris, 1978). Th e Rome 
Trough is a regional NE trending structure extending from southwest-
ern Pennsylvania, where it is termed the Olin Basin (Wagner, 1976), 
to northern Tennessee (fi g.6) and is very prominent on magnetic in-
tensity maps (King and Zietz, 1978). Sparse deep-well data and seismic 
refl ection data correlate to this magnetic trend and indicate the Rome 
Trough is an asymmetric failed-rift zone with the deepest portion on 
the NW side (Ryder and others, 1998; Gao and others, 2000). A thick 
accumulation of carbonate and clastic rocks in excess of 10,000 feet 
(Ryder, 1995) infi lled the Rome Trough. Figure 7 is a simplifi ed cross 
section of the Rome Trough from Ohio to West Virginia with datum 
on the Ordovician Gull River limestone.

Th e Appalachian Basin did not begin to take on its present con-
fi guration until after Middle Cambrian time following the major 
movement of the Rome Trough. Major structural features in the re-
gion that were active along basement faults during the Late Cambrian 
subsidence of the Appalachian Basin include: the Waverly Arch, the 
Cambridge Cross-Strike-Structural-Discontinuity, and the Burning 
Springs Cross-Strike-Structural-Discontinuity (fi g. 5). Th e subsidence 
of the Appalachian Basin culminated with the Alleghenian Orogeny 
and development of the Appalachian structural front and lastly the 
Burning Springs Anticline and Cambridge Arch features (fi g. 8). As 
the Appalachian Basin subsided, monoclinal fl exures developed paral-
lel to NNE strike, aff ecting localized structures throughout the region.
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Figure 4.—Map showing Precmbrian Provinces and location of the 
New Haven site (modifi ed from Baranoski, 2002). Figure by the 
ODNR, Division of Geological Survey.

�

�

/�����	


�������	�	�


0�

��
1�

23

+�

��4
5
��
�
�'
' �

�
5
1
�
�
�
�
*
�
1�

� *
6
1�

�
(4

�
)

�

���
�����
����

4
5
��

�
�'
'�

+5
1
��
�
*�

(4
+)

�
�
�
�
*
1
�
�
��
�
�
�
5
��
�
�
3
�
��
0
(�
*
5
�
) �

�
7

�
�
�
�
�
5
�
4
5
�
�
��
�
#5
�
3
1
'�
�
�
+5

1
�
��
*
�
(�
4
5
)

�

�

/�����	


�������	�	�


0�

��

1�

23

+�

��

�

8
1
�
'��

4
�4
5
�
�
�

��
9
'�
��
3
�
�
�
0

��
�
7
'�
3

�
5*
�8 � � �

�0 � * �
� 4

��

*
�
0
8
5
�7
4
��*

�
�
7

8
9
5
�
��
4

�
+
5
��
4
�

�
�
�
�*
'�
�
�

�
�
�
�
5
'3

�
5
*
�
�
+
+
�
'
�
*
�
� �

�
8
�
�
� �

+'���150

���
�����
����

�5
19
4�

510
�

8��
� �

� ' '
� �

1
��

*���
5�'

1��1

Figure 5. —Map showing major Cambrian structures and location of 
the New Haven site (modifi ed from Baranoski, 2002). Figure by the 
ODNR, Division of Geological Survey.

Figure 6.—Map showing regional 
extent of the Rome Trough, major 
Cambrian structures and location 
of the New Haven site (modifi ed 
from Harris and Baranoski, 1996). 
Figure by the ODNR, Division of 
Geological Survey.
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 POTENTIAL INJECTION STRATA FOR CO2 SEQUESTRATION AT NEW HAVEN, WEST VIRGINIA 9

PALEOZOIC STRATIGRAPHY

Regional and localized areas of recurrent crustal movement of the 
Precambrian basement and later regional uplifts, subsidence, and com-
pressional forces aff ected the distribution, character and thickness of 
Paleozoic rock units. Th ickness of Paleozoic Appalachian Basin rock 
units in the region ranges from approximately 3,000 feet in central 
Ohio to an estimated 45,000 feet in central Pennsylvania (Milici, 
1996). Th e Paleozoic stratigraphic column in the Appalachian Ba-
sin ranges in age from Lower Cambrian to Early Permian (fi g. 9). A 
range of sedimentary units (carbonates, evaporites, shale, sandstone, 
siltstone, k-bentonites, chert, etc) are present throughout the region. 
Major unconformities mark the Middle Cambrian, Middle Ordovi-
cian, Lower Silurian, Middle Devonian, and Upper Mississippian. 
Pennsylvanian and Permian rock units are largely clastic rocks with 
minor carbonate units.

Th e emphasis of this report is an evaluation of potential injec-
tion zones within the Lower Ordovician-Cambrian rock sequence of 
NW West Virginia and adjacent SE Ohio. Th is interval is bounded 
at the bottom (base of the Maryville Formation/basal arkose) and top 
(top of the Beekmantown dolomite) by major unconformities (fi g. 2). 
Sloss and others (1949) used the informal term Sauk sequence for this 
interval for facies analysis in the upper Mississippi Valley and regional 
subsurface correlation. Janssens (1973) recognized the importance of 
regional stratigraphic relationships to the Sauk Sequence in Ohio. His 
detailed regional study documented signifi cant stratigraphic changes 

within the Cambrian that show variations from western Ohio, eastward 
into the Appalachian Basin. In a pre-Knox study of the Appalachian 
Basin, Harris and Baranoski (1997) divided the region into three se-
quences: stable cratonic sequence, Rome Trough sequence, and eastern 
basin sequence (fi g. 6). Th e stable cratonic sequence is stratigraphically 
much thinner than the Rome Trough sequence, and both fall within 
the AOR. Th ese terms will be used for the remaining discussion.

It should be noted that the stratigraphy and nomenclature pre-
sented in this report is preliminary and has not yet been published. 
Work in progress at the DGS indicates that signifi cant changes from 
Janssens (1973) work are present in the Middle Cambrian (fi g. 2). 
Specifi cally, the Mount Simon Sandstone pinches out in extreme 
southeastern Ohio, the Rome Formation is not present in southeastern 
Ohio, and the Conasauga Formation (Janssens, 1973) has been rede-
fi ned to the Conasauga Group (Ryder, 1992; and Ryder and others, 
1996). Th e Conasauga Group includes the Maryville Formation (in-
cluding the “lower unit”), the Nolichucky Shale, and the Maynardville 
Limestone. Th e Pumpkin Valley Shale, Rutledge Limestone and Rod-
gersville Shale (Ryder, 1992; and Ryder and others, 1996), which form 
the lower portion of the Conasauga Group, are confi ned to the Rome 
Trough east of New Haven, based on present well control. Appendix A 
and B lists detailed core descriptions used in the evaluation.

Th e earliest record of sedimentation within the region is found 
within the Rome Trough sequence of rocks in West Virginia and Ken-
tucky. Deposition of this sequence began with the lowermost Paleo-
zoic basal sandstone (arkose) in the Latest Precambrian-Early Cam-
brian time. Rifting of the eastern Laurentian continent resulted in the 
opening of the Iapetus Ocean (Harris, 1978; Scotese, and McKerrow, 
1991). Subsidence of the Rome Trough continued with deposition of 
the Shady Dolomite and Rome Formation during the Lower Cam-
brian and continued through Middle Cambrian with deposition of 
the Conasauga Group. Th e pre-Knox section of the Rome Trough is 
older and greatly thickened when compared to the same intervals of 
the stable cratonic sequence. As much as 10,000 feet of pre-Knox sedi-
ments accumulated in the Rome Trough (Webb, 1980; Ryder, 1992; 
Ryder and others, 1996). Dip sections D1-D1' deep (fi g. 10) and D2-
D2' deep (fi g. 11) illustrate the variation in thickness of the Lower and 
Middle Cambrian units into the Rome Trough fault system. Th is is 
best illustrated between the #1 Arrington well (APINO 4705300069, 
Mason County) and the #1 Jividen well (APINO 4705300297, Mason 
County) (fi g. 10). Regional cross sections S1-S1' deep (fi g. 12) and S2-
S2' deep (fi g. 13) illustrate the stratigraphic changes along depositional 
strike for these units.

Th e basal arkosic sandstone is the lowermost unit within the 
Rome Trough sequence. Th e basal sandstone was deposited on the 
Precambrian unconformity surface and ranges in thickness from 20 
to 650 feet (McGuire and Howell, 1963; Webb, 1980). Ryder shows 
thickness of approximately 150 feet for the basal sandstone in the 
Rome Trough in West Virginia (Ryder, 1992; Ryder and others, 
1995). Th e Shady Dolomite, which is confi ned to the Rome Trough 

Figure 8. —Map showing major post-Cambrian structures and location 
of the New Haven site (modifi ed from Baranoski, 2002). Figure by the 
ODNR, Division of Geological Survey.
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Figure 9.—Stratigraphi column for the New 
Haven site and potential injection zones 
(modifi ed from Larsen, 1998). Figure by the 
ODNR, Division of Geological Survey.
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12 BARANOSKI AND RILEY

Figure 11.—Stratigraphic cross section (Knox uncon-
formity to Precambrian unconformity interval) Dip 
D2-D2' deep. Datum on top of the Maryville Forma-
tion. Figure by the ODNR, Division of Geological 
Survey.
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Figure 12.— Stratigraphic cross section (Knox unconformity to Precambrian unconformity interval) Strike S1-S1' deep. Datum on top of the 
Maryville Formation. Figure by the ODNR, Division of Geological Survey.
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area, is a carbonate unit that directly overlies the basal sandstone. Cross 
sections by Ryder (1992) and Ryder and others (1995) show thick-
ness of the Shady Dolomite at approximately 250 feet in the Rome 
Trough. Th e Rome Formation consists of sandstone, siltstone, shale, 
limestone, and dolomite and ranges in thickness from 1,000 to 2,900 
feet (Ryder, 1992; Ryder and others, 1996). Depositional environ-
ments for the Rome and overlying Conasauga Group are interpreted 
as tidal-fl at, tidal-channel, and shallow subtidal environments based 
on core (Donaldson and others, 1975, 1988). Th e Conasauga Group 
also consists of sandstone, siltstone, shale, limestone, and dolomite and 
ranges in thickness from 2,400 to 5,500 feet, which are subdivided 
into the Pumpkin Valley Shale, Rutledge Limestone, Rogersville Shale, 
Maryville Formation, Nolichucky Shale, and Maynardville Limestone 
(Ryder, 1992; Ryder and others, 1996). Figures 7, 10, and 11 show 
dramatic thickness increase in Cambrian rock units and generalized 
stratigraphic relationships from Ohio into West Virginia.

Th roughout latest Precambrian to most of Middle Cambrian time, 
eastern Ohio remained an emergent area as a stable cratonic platform. 
During this time the erosion of the exposed Grenville basement complex 
in Ohio and northwestern West Virginia supplied clastic sediment to 
the Rome Trough while carbonates dominated the eastern side of the 
structure. Seismic refl ection data in southeastern Ohio indicates local 
areas of Cambrian sediments older than the Maryville Formation “lower 
unit” in structurally low areas following incised channels, which drained 
into the Rome Trough. Near the end of the Middle Cambrian, seas had 
completely transgressed the exposed Precambrian basement complex in 
Ohio resulting in near shore to marginal marine deposition of Mount 
Simon Sandstone in western Ohio to marginal marine and marine depo-
sition of Maryville Formation (Conasauga Group) in eastern Ohio. Th e 
Mount Simon Sandstone, which is a 200 to 300 feet-thick, highly per-
meable, porous quartz sandstone in western Ohio, pinches out and/or is 
in facies transition with the lowermost part of the Maryville Formation 
in the western portion of the AOR. Th e Mount Simon had previously 
been considered a region-wide, areally extensive unit in Ohio (Janssens, 
1973). Th e DGS is presently updating Janssens (1973) work using core 
and additional geophysical logs. Th is ongoing study indicates that the 
Mount Simon disappears eastward either at a pinch-out above the Pre-
cambrian unconformity surface or in facies transition from sandstone to 
dolomite with the lower-most portion of the Maryville “lower unit”. Th e 
implication is that the Mount Simon Sandstone is not recognized as a 
regional stratigraphic “blanket” of sandstone.

Th e Maryville Formation consists dominantly of dolomite to 
feldspathic quartz dolomite and ranges in thickness within the AOR 
from 373 to 2,800 feet (fi g. 14). Th e upper portion is light to medium 
gray, cryptocrystalline to fi ne and medium crystalline, laminated to 
irregular, massive bedded, slightly arenaceous dolomite. Glauconite, 
anhydrite-fi lled vugs, rip-up clasts, stylolites, shaley discontinuity sur-
faces, scour surfaces, and bioturbation are locally common (fi g. 15). 
Depositional environments range from shallow subtidal to shallow 
marine and continental slope (appendix A). Th e “lower unit” of the 

Maryville is feldspathic quartz dolomite to feldspathic quartz sand-
stone, and ranges in thickness within the AOR from 100 to more than 
650 feet (fi g. 16). Th e “lower unit” is light pink to white and light 
brown, fi ne and medium grained, poorly to well sorted, rounded to 
subrounded, laminated to irregular, massive bedded, feldspathic do-
lomitic quartz arenite (fi g. 17). Trough cross-bedding, fi ning upwards 
sequences, anhydrite replacement clasts, shaley discontinuity surfaces, 
scour surfaces, bioturbation, vertical burrows, trace fossils, and intra-
formational breccia are locally common. Depositional environments 
range from near shore and shallow subtidal to shallow marine envi-
ronments (appendix A). Th e quartz sandstone content and geophysi-
cal log porosity of the “lower unit” increases in the western portion 
of the AOR. Dip sections D1-D1' deep (fi g.10) and D2-D2' deep 
(fi g.11) illustrate the variation in thickness of the Maryville from Ohio 
into West Virginia. Th e most notable aspect is the rapid increase in 
thickness across the Rome Trough fault system from the #1 Arrington 
well (APINO 4705300069, Mason County) to the #1 Jividen well 
(APINO 4705300297, Mason County). Also notable is the decrease 
in Maryville thickness in the #1 Arrington well, which may indicate a 
higher shelf area on the immediate NW footwall to the Rome Trough. 
Th e Maryville Formation grades upward into the overlying Noli-
chucky Shale. Appendix A describes the Maryville sedimentary lithofa-
cies from core. Figure 17 is a photo of core from the Maryville “lower 
unit” showing quartz arenite beds from the #1 Aristech well (APINO 
3414520212, Scioto County).

Deposition of the Conasauga Group continued into the Upper 
Cambrian with a minor marine regression represented by the Noli-
chucky Shale clastics and carbonates, followed by a transgression with 
deposition of the Maynardville Limestone. Open marine conditions 
continued with deposition of the Knox Dolomite. As used in this report, 
the Knox Dolomite is subdivided in ascending order into the Copper 
Ridge dolomite, the Rose Run sandstone, and the Beekmantown dolo-
mite (fi gs. 2 and 9). Minor regressions took place with input of clastics 
in the “B-zone “, and to a greater degree, the Rose Run sandstone.

Th e Rose Run sandstone occurs within a thick sequence of pre-
dominantly shallow-water carbonates that comprise the Knox Do-
lomite. Th is sequence has been interpreted to consist of the vertical 
stacking of various peritidal facies resulting from cyclical sea-level 
changes on a broad carbonate shelf (Read, 1989; Osleger and Read, 
1991; Riley and others, 1993). Th e Rose Run sands represent low-
stand deposits, related to both third-order sea-level falls and short-term 
sea-level cycles (Read, 1989). Th in-section petrography indicates that 
the Rose Run sandstone has a continental block provenance with a 
source in the craton interior to the north and northwest of the project 
area (Riley and others, 1993). Th us, siliciclastic deposition in the Rose 
Run decreases to the south and southeast away from the stable craton.

Th e Rose Run sandstone is present throughout the entire AOR 
and can be correlated in the subsurface to where it subcrops in the ex-
treme western portion of the mapped area (fi g. 18). Th e gross thickness 
of the Rose Run sandstone ranges from 74 feet in Hocking County, 
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Figure 14.—Map showing isopach of the Maryville Formation within the AOR and location of the New Haven site. Contour interval = 100 feet. 
Computer generated contours from interpreted grid. Contours not interpreted across fault. Figure by the ODNR, Division of Geological Survey.
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Figure 15. —Maryville Formation core interval 5205.5 to 5214.5 AP-
INO 3414560141 Aristech monitor well number 4. See Appendix A 
core interval description.  Figure by the ODNR, Division of Geologi-
cal Survey.

Ohio, to over 195 feet in Jackson County, West Virginia (fi g 18). In the 
mapped area, the average gross thickness is approximately 100 feet. At 
the proposed project site, the mapped Rose Run gross thickness is esti-
mated to be approximately 125 feet. Generally speaking, the Rose Run 
gross interval thickens to the east and southeast downdip towards the 
basin center. Regional thickening of this interval also is illustrated on the 
northwest-southeast trending stratigraphic cross sections (fi gs. 10 and 
11). It is important to note that while the gross interval thickens to the 
southeast, the amount of siliciclastics or potential injection zone in this 
interval decreases in this direction. Th is supports previous ideas on Rose 
Run provenance work that the sandstone-to-carbonate ratio decreases 
to the east and southeast away from the depositional source (Riley and 
others, 1993; Baranoski and others, 1996). Th e nearest logged well with 
a complete Rose Run section is about 25 miles SE, #1 Arrington (API-
NO 4705300069, Mason County) (fi g.10). Th e neutron log indicates 
poor sandstone development in the Rose Run interval. Sample cuttings 
were not recovered from the upper 100 feet of this interval, which may 
indicate a washed out zone (Overby, 1961). Th e interval with a high 
neutron curve above the Rose Run in this well occurs within a cherty 
dolomite (Overby, 1961), and may represent a drilling-induced fracture 
zone (Schlumberger, personal communication). Th e geophysical log 
notes that the calibration was changed above this anomalous interval.

A major regression took place during the Middle Ordovician with 
the onset of the regional Knox unconformity. An extensive erosional 
surface developed on the emergent Knox carbonate platform (Riley 
and others, 1993). Paleotopography reached a maximum of 150 feet 
on the karstic terrain of the Knox Dolomite (Janssens, 1973). Tropical 
seas returned to the Ohio region and inundated the subsiding Knox 
platform in the Middle Ordovician. Th e St. Peter sandstone and Wells 
Creek Formation represent the next major marine transgression; these 
units were deposited on the regional Knox unconformity. Th e St. Pe-
ter is a very fi ne grained, well-sorted, quartz arenite that forms the 
basal part (where the unit is present) of the Wells Creek Formation. 
Th e St. Peter increases in thickness from stable craton into the Rome 
Trough (Humphreys and Watson, 1996). Th e Wells Creek Formation 
is a sandy, dolomitic shale that locally contains beds of limestone. Shal-
low marine sedimentation continued through the Middle and Upper 
Ordovician with deposition of the Black River Group, Trenton Lime-
stone, and Cincinnatian Series undiff erentiated. Th e clastic sediments 
of the Cincinnatian Group were associated with the Taconic Orogeny 
of eastern North America.

Marine sedimentation in the region temporarily ceased during 
Late Ordovician-Early Silurian time as another major regression began 
and a regional unconformity develops on top of the Cincinnatian Se-
ries undiff erentiated. By the end of the Ordovician the western margin 
of the Appalachian Basin was delineated by the Indiana-Ohio Plat-
form, and the Cincinnati and Findlay Arches. As Silurian time pro-
gressed, repeated fl uctuations of sea level fl ooded and retreated from 
the coastal lowlands on the western fl ank of the Appalachian Basin. 
Silurian-age Tuscarora Sandstone and other clastic equivalents were 
deposited in near shore to marginal marine deposition on this uncon-
formity surface at the onset another marine transgression. A mixture 
of clastics and carbonates followed with deposition of the Rose Hill 
Formation and its equivalents, and the overlying Lockport Dolomite, 
Newburg sandstone, Salina Group, Bass Islands Dolomite and Helder-
burg Formation. Another period of regression is marked by an uncon-
formity within Lower Devonian strata, and is followed by a period of 
transgression and subsequent deposition of the Oriskany Sandstone, 
overlying Onondaga Limestone, and shales of the Hamilton Group 
(marking the onset of the Acadian Orogeny). Dip sections D1-D1' 
shallow (fi g.19) and D2-D2' shallow (fi g.20), and strike sections S1-
S1' shallow (fi g. 21) and S2-S2' shallow (fi g. 22) illustrate the variation 
in thickness of the units deposited above the Knox unconformity to 
the top of the Berea Sandstone.

During the Late Devonian Acadian Orogeny, tropical seas again 
inundated the region with deposition of the Sonyea, West Falls, and 
Rhinestreet Formations, and Ohio Shale into a partially restricted ma-
rine basin. Th e overlying Bedford Shale and Berea Sandstone represent 
the progradation of gray shales and sandstones. Th e regional stratig-
raphy is shown in fi gures 19, 20, 21,and 22. An Early Mississippian 
marine transgression resulted in the deposition of the Sunbury Shale. 
Renewed mountain building in eastern North America with the Al-
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Figure 16.—Map showing isopach of the Maryville Limestone “lower unit” within the AOR and location of the New Haven site. Contour interval 
= 20 feet. Contours not interpreted across fault. Figure by the ODNR, Division of Geological Survey.
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Figure 17.—Lower unit of the Maryville Formation core interval 5558.8 to 5572.3 
APINO 3414520212 Aristech well number 1. See Appendix A core interval descrip-
tion. Figure by the ODNR, Division of Geological Survey.

leghenian Orogeny during the Early Mississippian resulted in delta 
progradation and the deposition of the Cuyahoga and Logan Forma-
tions, followed by a minor marine transgression with deposition of the 
Greenbrier Limestone and equivalents. Continued mountain building 
to the east resulted in extensive fl uvial, clastic deposition including 
coals with minor limestone accumulations throughout the Pennsylva-
nian and Permian Systems.

REVIEW OF OIL AND GAS PLAYS
Introduction

While enhanced recovery of oil and gas from CO2 injection is not 
a primary objective of the Battelle project at New Haven, the impact of 
injection on hydrocarbon deposits is a signifi cant consideration. Espe-
cially since some formations with potential hydrocarbon reserves may 
be targeted for CO2 injection. Updated maps (extracted from DGS 
oil and gas fi elds digital maps and WVGES digital data) of oil and 
gas plays in the AOR are provided to assist in understanding their po-
tential to impact CO2 sequestration. In the AOR, the following plays 
are discussed: the Cambrian Conasauga Group, the Cambrian-Ordo-
vician Knox Group, the Middle Ordovician Lexington/Trenton and 
Black River group carbonates, the Lower Silurian “Clinton”/Tuscarora 
Sandstone, the Lower Devonian Oriskany Sandstone and the Upper 
Silurian Newburg Sandstone and Lockport Dolomite, the Upper De-
vonian Black Shales, the Upper Mississippian and Lower Devonian 
Berea Sandstone, the Upper and Lower Mississippian sandstones, and 
the Lower and Middle Pennsylvanian Allegheny and Pottsville Groups 

(fi gs. 23-31). A detailed description of these plays is present in the Atlas 
of Major Appalachian Gas Plays (Roen and Walker, 1996).

Cambrian Conasauga Group

Drilling to Cambrian-Ordovician stratigraphic units in the AOR 
is very rare due to great depth and rare hydrocarbon production. About 
25 miles SE of the New Haven site, the #1 McCoy well (APINO 
4703501366, Jackson County) reported open-fl ow gas production 
of 9.2 million cubic feet of gas per day (MMcfd) from a Conasauga 
Group sandstone unit (Harris and Baranoski, 1996). Th e zone pro-
duced over 400 MMcf during a 5-month period and correlates to the 
lower part of the upper portion of the Maryville Formation of this 
report. Shows of gas have been reported from the Maryville within the 
AOR (Table 2). Th us, hydrocarbon production from the Maryville at 
the New Haven site is possible if good reservoir and trapping mecha-
nisms are present.

Cambrian-Ordovician Knox Group (including the
Rose Run sandstone) and St. Peter sandstone

In Ohio, Knox hydrocarbon production occurs in the Beek-
mantown dolomite, Rose Run sandstone, and Copper Ridge dolo-
mite. Th ere is no historic Knox production in West Virginia. Nearest 
Knox hydrocarbon-producing fi elds to the proposed site are about 
50 miles to the NW in Hocking County, Ohio (fi g. 23). Production 
in this fi eld is from the Beekmantown dolomite and Rose Run sand-
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Figure 18.—Map showing isopach of the Rose Run within the AOR and location of the New Haven site. Contour interval = 10 feet. Figure by 
the ODNR, Division of Geological Survey.
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Figure 20.—Stratigraphic cross section (shallow geologic 
units to Knox unconformity interval) Dip D3-D3' shallow. 
Datum on top of the Onondaga Limestone. Figure by the 
ODNR, Division of Geological Survey.
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Figure 21.—Stratigraphic cross section (shallow geologic units to Knox unconformity interval) Strike S1-S1' shallow. Datum on top of the 
Onondaga Limestone. Figure by the ODNR, Division of Geological Survey.
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Figure 22.—Stratigraphic cross section (shallow geologic units to Knox unconformity interval) Dip S2-S2' shallow. Datum on top of 
the Onondaga Limestone. Figure by the ODNR, Division of Geological Survey.
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Figure 23.—Map showing the Cambrian-Ordovician Knox Dolomite and St. Peter sandstone oil and gas fi elds and location of the New Haven site. 
Figure by the ODNR, Division of Geological Survey.
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stone. Isolated producing wells (not shown) are also present in Jack-
son and Vinton counties. Th e majority of active Knox drilling and 
production is from the Rose Run sandstone to the west and north 
along the Rose Run subcrop trend. Although there is currently no 
historic production near the proposed site, this may be a favorable 
area for future fractured Beekmantown, St. Peter sandstone and Rose 
Run production.

Middle Ordovician Lexington/Trenton Limestone
and Black River Group carbonates

In the Ohio portion of the AOR, the nearest Lexington/Tren-
ton and Black River production (includes the Utica Shale) is approxi-
mately 35 miles to the north in Hocking and Washington counties 
(fi g. 24). All Trenton or deeper well penetrations for West Virginia 
are also shown in Figure 24; however, it is diffi  cult to determine the 
producing formation and well status for many of these wells because 
of the 2-year time period for holding permits. More detailed well-spe-
cifi c information can be obtained from the WVGES. Approximate-
ly 40 miles to the southeast of the proposed site (fi g. 24) in Roane 
County, the discovery of large volumes of gas in the Trenton/Black 
River has led to a fl urry of drilling activity. Th e discovery #20097 
Parker well (APINO 4708704250, Roane County) had a reported 
natural open fl ow of 50 MMcfd, with a reported rock pressure of 
5,750 pounds per square inch (psi) in an open-hole completion at 
10,255 to 10,271 feet (Avary, 2002). Over 100 wells in 12 West Vir-
ginia counties have been permitted to the Trenton through March, 
2001. Th e pay is from highly fractured carbonates in the Trenton/
Black River interval, thought to be reactivated basement faults associ-
ated with the Rome Trough. Information on these wells is available 
on the WVGES website, <http://www.wvgs.wvnet.edu/>. Th e prox-
imity of the New Haven site to the Rome Trough and possible deep 
structures make the AOR an area of potential Trenton/Black River 
hydrocarbon production.

Lower Silurian “Clinton-Medina”/Tuscarora Sandstone
 
Scattered hydrocarbon production in the “Clinton-Medina”/

Tuscarora sandstone is present in the AOR (fi g. 25). In Ohio, the near-
est “Clinton-Medina” fi elds are approximately 10 miles to the north 
of the proposed New Haven site. Ohio has 186 “Clinton-Medina” 
sandstone fi elds with approximately 60,000 wells that produced over 
5 trillion cubic feet of gas (tcf) (McCormac and others, 1996). Th e 
major producing “Clinton-Medina” sandstone fi elds are located north 
and west of the AOR where porosity and permeability are higher. Res-
ervoir rock is not as well developed in the “Clinton-Medina” sandstone 
in the AOR ((fi g. 27; #1 Baker (APINO 3410523520, Meigs Coun-
ty)). In West Virginia, the nearest Tuscarora hydrocarbon fi eld in the 
AOR is approximately 20 miles southeast of New Haven in Jackson 
County. Most of West Virginia Tuscarora hydrocarbon production 

is in Kanawha County, outside of the AOR. It is important to note 
that the Tuscarora sandstone reservoir is characterized as having a high 
carbon dioxide (CO2) and nitrogen (N2) content. Th e reported CO2 
content ranges from 4 to 83 percent and the reported nitrogen content 
ranges from 13.9 to 35 percent (Avary, 1996). Some of the CO2 pro-
duced was subsequently used for repressuring and secondary recovery 
in nearby fi elds (Cardwell, 1977).

Lower Devonian Oriskany Sandstone and Upper Silurian
Newburg Sandstone and Lockport Dolomite

Signifi cant Oriskany Sandstone production is present in the 
AOR (fi g. 26). Production is concentrated in eastern Meigs County, 
Ohio, and in Jackson and Mason counties, West Virginia. Th e fi rst 
commercial Oriskany production in the Appalachian Basin occurred 
in early 1900. Estimated cumulative production for the Oriskany in 
the Appalachian Basin is 82 billion cubic feet of gas (bcf) (Opritza, 
1996). Recent drilling and production since 1995 has occurred in Ol-
ive Township of Meigs County. Cross section D4-D4' (fi g. 27) illus-
trates the Oriskany sandstone development in this area. Th e Oriskany 
sandstone in this area has an average thickness of 6 to 8 feet, and aver-
age porosities of 6 to 8 percent. Th e updip pinchout for the Oriskany 
sandstone trends north-south through central Meigs and Mason coun-
ties near the proposed site. It is not certain whether or not Oriskany 
will be present at New Haven.

Newburg sandstone production is also present in Meigs County, 
Ohio, and Jackson County, West Virginia (fi g. 26). Newburg sand-
stone production was fi rst discovered in 1939 in West Virginia, but 
the Newburg play developed in 1964 in Kanawha County. Since then, 
seven gas fi elds including 300 productive wells have been discovered. 
Estimated cumulative production is 290 bcf in the Appalachian basin 
(Patchen, 1996). Only scattered Lockport production occurs within 
the AOR. One small fi eld is located in Jackson County, West Vir-
ginia. However, a Lockport reef trend extending through Meigs (OH), 
Mason (WV) and Jackson (WV) Counties is interpreted to be present 
(Smosna and others, 1989) indicating hydrocarbon potential in these 
reservoirs near the proposed site.

Upper Devonian Black Shales

Extensive Devonian shale production is present and is the most 
signifi cant producing horizon within the AOR in terms of cumula-
tive production and number of wells (fi g. 28). Th e highest concentra-
tion of production and wells drilled occurs in eastern Meigs County. 
Historical Devonian shale production has occurred since the late 
1800s, and development of these fi elds was revitalized in the 1970s 
and 80s in response to increasing gas prices and federal tax incentives. 
Cumulative production for the Devonian Shales in the Appalachian 
Basin is estimated at approximately 3 tcf from roughly 10,000 wells 
(Boswell, 1996).
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Figure 24.—Map showing the Middle Ordovician Lexington/Trenton Limestone, Black River Group carbonates, and Utica shale oil and gas fi elds 
in Ohio, and location of the New Haven site. Also shown are wells permitted to the Trenton in West Virginia. Figure by the ODNR, Division of 
Geological Survey.
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Figure 25.—Map showing the Lower Silurian “Clinton-Medina”/Tuscarora sandstone ol and gas fi elds and location of the New Haven site. Figure 
by the ODNR, Division of Geological Survey.
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Figure 26.—Map showing the Lower Devonian Oriskany Sandstone and Upper Silurian Newburg Sandstone and Lockport Dolomite oil and gas 
fi elds and location of the New Haven site. Figure by the ODNR, Division of Geological Survey.



 POTENTIAL INJECTION STRATA FOR CO2 SEQUESTRATION AT NEW HAVEN, WEST VIRGINIA 31

Figure 27.—Stratigraphic cross section (Devonian Oriskany Sandstone to Ordovician interval) Dip D4-D4'. Datum on top of the Onondaga 
Limestone. Figure by the ODNR, Division of Geological Survey.
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Figure 28.—Map showing the Upper Devonian Black Shales oil and gas fi elds and location of the New Haven site. Figure by the ODNR, Division 
of Geological Survey.
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Upper Mississippian and Lower
Devonian Berea Sandstone

Th e Berea sandstone is a signifi cant producing horizon within 
the AOR (fi g. 30). Th e largest productive fi eld is the Cheshire Con-
solidated fi eld in Meigs County, which had an estimated cumulative 
production of 1.4 bcf and 5 million barrels of oil (MMbo) (Tomastik, 
1996). Berea fi elds occur in broad linear trends from eastern Ohio to 
western West Virginia. In the Appalachian Basin, 15,834 Berea wells 
representing 151 fi elds have been drilled (Tomastik, 1996). Estimated 
cumulative production for Berea and equivalent wells is 1.9 tcf (To-
mastik, 1996).

Upper and Lower Mississippian
Limestones and Sandstones

Limited historical production from the Lower and Upper Mis-
sissippian sandstones is present in the AOR (fi g. 30). Th e Greenbrier/
Newman Limestones are prolifi c producers of natural gas further to the 
east in West Virginia. Approximately 6,000 wells have hydrocarbon 
production from 183 fi elds in West Virginia and 54 wells from 3 fi elds 
in Ohio (Smosna, 1969). Production from the Big Injun sandstone is 
limited in the AOR. However, widespread and prolifi c hydrocarbon 
production occurs from the Big Injun in central West Virginia and east-
ern Ohio, east and north of the AOR. Cumulative production for fi elds 
in West Virginia is estimated to be 4 tcf (Vargo and others, 1996).

Lower and Middle Pennsylvanian
Allegheny and Pottsville Group

Production from the Allegheny Group was fi rst discovered in 
1860 (Hohn, 1996). Since then, isolated wells have produced gas in 
scattered fi elds in the AOR (fi g. 31). Much of this production was 
encountered while drilling for deeper targets and was commingled. 
Using an average cumulative of 200 thousand cubic feet of gas (mcf), 
the estimated cumulative production for the Allegheny Group in the 
Appalachian basin is 181 bcf (Hohn, 1996). Pottsville sandstones have 
produced hydrocarbons since the late 1800s in the Appalachian Basin. 
Of 1,136 Pottsville wells on record at the DGS, 250 have a cumula-
tive production of 20 bcf, averaging 8 MMcf per well (Hohn, 1996). 
Figure 31 show the current and historical production areas from both 
the Allegheny and Pottsville Group in the AOR.

SEISMIC REFLECTION DATA

Th e nearest public domain seismic refl ection data to the New Ha-
ven site were acquired in Lawrence and Scioto Counties, Ohio, and 
Carter County, Kentucky, for the Aristech Corporation Class -1 injec-
tion site (fi g. 3). Th e injection site is approximately 60 miles SW of the 
New Haven site (fi g. 3). Th e data was acquired as a requirement for a 

Class 1 well permit-to-operate. Th e Aristech data has been reprocessed 
by Stiegerwalt (2002). Sundheimer (1979) acquired and processed seis-
mic refl ection data over the Cottageville oil and gas fi eld 10 miles SE 
of the New Haven site. Gao and others (2000) and Kulander (2001) 
are the most recent studies of the Rome Trough using seismic refl ec-
tion data adjacent to the New Haven site. Gao and others (2000) used 
8 seismic lines and shallow well control in NW West Virginia. Ku-
lander (2001) reprocessed 28 lines of industry seismic refl ection data 
and 15 synthetic seismograms within the Rome Trough and adjacent 
NW stable shelf. Th is single-fold refl ection data was acquired by indus-
try during the 1950s and recently assembled into pseudo 2D modern 
stacked data, which was reprocessed by Kulander (2001) with modern 
processing techniques. Total seismic line-miles are not published.

SEISMICITY

Recent seismicity has been recorded by the Ohio Geological Sur-
vey Seismic Network near the New Haven site across the Ohio River. 
On May 6, 2002, a small earthquake with a magnitude of 2.8 mbLg 
(see web pages below for detailed discussions on the units) and esti-
mated depth of 3 miles occurred near Antiquity, Ohio about 3 miles 
SE of New Haven (Hansen, 2002). A small-magnitude (3.6 ) (see web 
pages below for detailed discussions on the units) earthquake caused 
minor damage in the Pomeroy area of Meigs County in 1926 (http://
www.ohiodnr.com/OhioSeis/earthquakes/020506/020506.htm). Th e 
May, 2002 event may relate to NW trending basement faulting, that 
appears to manifest itself by the straight line segment of the Ohio River 
at this location.

STRUCTURAL GEOLOGY NEAR THE NEW HAVEN SITE

Depth to Precambrian basement at the New Haven site is esti-
mated to be 8,600 feet below mean sea level (MSL), based on very 
sparse deep well and seismic refl ection data (fi g. 32). Th e site is lo-
cated NW of the northern boundary fault of the Rome Trough in an 
area that was probably exposed Precambrian basement complex dur-
ing most of the structural movement of the Rome Trough. Th e near-
est documented basement fault to the New Haven site is in Jackson 
County, West Virginia, in the Cottageville area (Negus-de Wys and 
Shumaker, 1978). Th e fault segment trends NE-SW, subparallel to 
the Ohio River.

Th e structure map on the top of the Maryville Formation indi-
cates regional dip to the east and southeast at a rate of approximately 
100 feet per mile (fi g. 33). Subsea values range from –3,000 feet MSL 
in the northwest to below –14,000 feet MSL in the southeast portion 
of the AOR. Th e top of the Maryville Formation surface at the New 
Haven site is estimated to be –8,100 MSL based on computer map-
ping within the AOR (fi g. 33). Th e structure map on the top of the 
Rose Run sandstone indicates regional dip to the east and southeast 
at a rate of approximately 100 feet per mile (fi g. 34). Subsea values 
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Ficure 29.—Map showing the Upper Mississippian and Lower Devonian Bearea Sandstone oil and gas fi elds and location of the New Haven site. 
Figure by the ODNR, Division of Geological Survey.
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Figure 30.— Map showing the Upper and Lower Mississippian limestones and sandstones oil and gas fi elds and location of the New Haven site. 
Figure by the ODNR, Division of Geological Survey.
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Figure 31.— Map showing the Lower and Middle Pennsylvanian Allegheny and Pottsville Group oil and gas fi elds and location of the New Haven 
site. Figure by the ODNR, Division of Geological Survey.
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Figure 32.—Structire map on the top of the Precambrian unconformity surface in the AOR and location of the New Haven site. Contour interval 
= 500 feet. Figure by the ODNR, Division of Geological Survey.
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Figure 33.—Structire map on the top of the Maryville Formation in the AOR and location of the New Haven site. Contour interval = 500 feet. 
Contours not interpreted across fault. Figure by the ODNR, Division of Geological Survey.
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Figure 34.—Structire map on the top of the Rose Run Sandstone in the AOR and location of the New Haven site. Contour interval = 100 feet. 
Figure by the ODNR, Division of Geological Survey.
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range from –2,600 feet MSL in the northwest to less than –10,800 
feet MSL in the southeast portion of the AOR. At the proposed site, 
the top of the Rose Run is estimated to be at a subsea depth of ap-
proximately –6,950 feet MSL. Th e nearest wells to the proposed site 
for the Maryville Formation and Rose Run structure maps are the 
#1Arrington well (APINO 4705300069, Mason County) and the #2 
Buckley well (APINO 3400921827, Athens County). Th e #2 Buckley 
well only penetrated the Rose Run sandstone.

In the vicinity of Meigs County, Ohio, across the river from the 
New Haven site, NW-SE-trending faults and SE-plunging structural 
noses and troughs have been mapped on Devonian and Mississippian 
surfaces based on shallow formation tops from geophysical logs (Ohio 
Division of Geological Survey, 1988; Baranoski and Riley, in review). 
Reactivated basement faulting in Meigs County during the Paleozoic 
was attributed to these mapped structures.

POTENTIAL INJECTION ZONES, ISOPACH, NET
SANDSTONE (DENSITY CUTOFF) MAPPING

Stratigraphic analyses of Cambrian units in the AOR based on 
subsurface mapping, geophysical well logs, and sample and core de-
scriptions resulted in two potential injection zones: the “lower unit” of 
the Maryville Formation of the Conasauga Group and the Rose Run 
sandstone of the Knox Group. Also, the possibility exists for previously 
unknown porous and permeable zones beneath the Maryville within 
the AOR. Although highly speculative, the potential for these older 
potential zones is based on seismic refl ection data in the region and 
is discussed below. Based on computer-generated isopach maps, the 
estimated gross thickness of the Maryville “lower unit” is 280 feet and 
the Rose Run is 125 feet at the New Haven site (fi gs. 16 and 18). Th e 
computer-generated map thickness of 280 feet for the Maryville “lower 
unit” is most likely optimistic, precluding a previously unknown tec-
tonic subsidence of the Middle Cambrian at New Haven. Based on the 
#1Arrington well (APINO 4705300069, Mason County) a thickness 
of between 100 and 200 feet is expected for the Maryville “lower unit” 
at New Haven. Acquisition of refl ection seismic data and drilling a test 
well will be required to arrive at an accurate value.

Cambrian Maryville Formation

Based on cores within the AOR, both the Maryville Formation 
and the Rose Run sandstone consists of a sequence of quartz arenites 
and subarkoses interbedded with thin beds of nonporous dolomite 
(Appendix A and B, DGS cores 2898, 768, and 3049). Both of these 
units underwent a long and complicated burial and diagenetic history, 
which infl uenced the present day porosity and permeability. Cementa-
tion plays an important role in permeability and porosity variations, 
which aff ect reservoir character. Figures 35 and 36 are bulk density 
(RHOB) type-logs with arbitrary cutoff  points used for the analyses 
for this study.

Cambrian Maryville Formation “lower unit”

Th e Maryville Formation “lower unit” consists of a range of li-
thologies from dolomite to arkosic quartz arenite. Terratek, (1990) 
provides a detailed discussion of the petrography for the Maryville core 
from the Aristech site in Scioto County, Ohio. Ooids, stromatolites 
and fossil fragments are common and typically completely replaced 
with dolomite. Dolomite cement and voids fi lled with dolomite and 
anhydrite are common within carbonate-dominated intervals (Ter-
ratek, 1990). Th e quartz arenite is typically fi ne to medium grained 
arkose and subarkose with clay minerals common. Cement types vary 
from authigenic silica and feldspar overgrowths to dolomite, calcite, 
chlorite, ankerite, and anhydrite pore and fracture fi llings (Terratek, 
1990). Porosity types include: intergranular, intragranular, fracture, 
and clay microporosity with secondary intergranular and intragranular 
porosity also present (Terratek, 1990). Appendix E lists possible dia-
genetic sequence for the Maryville carbonate and quartz arenites at the 
Aristech site (Terratek, 1990).

Th e average porosity calculated from analyses of 29 feet of Maryville 
“lower unit” core from the #1 Aristech well (APINO 3414520212, 
Scioto County) was 12 percent with an average permeability of 27 mil-
lidarcies (md) and a calculated core bulk density (RHOB) ≤ 2.55 g/cc 
(Table 3). Th e methods used for ALL porosity calculations from cores 
and geophysical well logs should be standardized if possible with actual 
stratigraphic test well data from New Haven.

Net footage of RHOB using three arbitrary cutoff  density points 
was calculated to isolate qualitative areas of lower bulk density, which 
hypothetically represent areas of higher porosity. Th e arbitrary cutoff  
values used were RHOB ≤ 2.68 g/cc (≥ 0% porosity), RHOB ≤ 2.55 
g/cc (≥ 6% porosity), and RHOB ≤ 2.40 g/cc (≥ 15% porosity) (fi gs. 
35 and 36). Maps for the arbitrary RHOB cutoff s were computer con-
toured at 5-foot intervals (fi gs. 37-43). For the Maryville “lower unit”, 
a line representing the Rome Trough was added because three of the 
wells yielding contoured density data are located within the Rome 
Trough. Also, a dashed line depicting the eastern pinchout of the 
Cambrian Mount Simon is shown on the Maryville maps as this unit 
does not occur in the New Haven area. Th e maps were not interpreted 
beyond computer-generated contouring and show possible injection 
zone thickness at arbitrary density cutoff s. Table 3A shows total thick-
ness and average RHOB of the Maryville Formation and “lower unit” 
and RHOB ≤ 2.68 g/cc (≥ 0% porosity), RHOB ≤ 2.55 g/cc (≥ 6% 
porosity), and RHOB ≤ 2.40 g/cc (≥ 15% porosity) for wells analyzed 
within the AOR. Th e #1 Kingery well (APINO 4701120537, Cabell 
County) was not used during the analyses because the data was suspect. 
Appendix C and E lists RHOB, porosity, and permeability calculations 
from core within the AOR. Th ese data were used to qualitatively cali-
brate the RHOB data from their respective wells.

Net footage of Maryville” lower unit” with RHOB ≤ 2.68 g/cc (≥ 
0% porosity) ranges from 54 to 226 feet of quartz sandstone (fi g. 37). 
Net footage of RHOB ≤ 2.55 g/cc (≥ 6% porosity) for the Maryville” 
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Figure 35.—Type density log showing arbitrary net RHOB from well APINO 3414520212 Aristech well number 1. Estimated porosity equivalent 
assuming 100% quartz arenite sandstone. Figure by the ODNR, Division of Geological Survey.
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Figure 36. —Type density log showing arbitrary net RHOB from well APINO 3407920102 Nucorp Trepanier well. Estimated porosity equivalent 
assuming 100% quartz arenite sandstone. Figure by the ODNR, Division of Geological Survey.
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lower unit” ranges from 1 to 182 feet (fi g. 38). Net footage of RHOB ≤ 
2.40 g/cc (≥ 15% porosity) for the Maryville” lower unit” ranges from 
0 to 71 feet (fi g. 39). Th e “raw uninterpreted” contoured RHOB maps 
suggest that net quartz sandstone footage of Maryville “lower unit” at 
New Haven is: 210 feet of RHOB ≤ 2.68 g/cc (≥ 0% porosity); 40 feet 
of RHOB ≤ 2.55 g/cc (≥ 6% porosity); and 10 feet of RHOB ≤ 2.40 g/
cc (≥ 15% porosity). Overall, areas west of the AOR have the thickest 
development of Maryville” lower unit” sandstone porosity.

As seen on the Maryville “lower unit” RHOB maps, the thickest 
areas with RHOB ≤ 2.68 g/cc (≥ 0% porosity) are developed within 
the Rome Trough and the NW portion of the AOR. Th e increased net 
thickness of RHOB ≤ 2.68 g/cc (≥ 0% porosity) in the Rome Trough 
is attributed to rapid accumulation of sediments during structural 
movement. Net thickness decrease in the Rome Trough with RHOB 
≤ 2.55 g/cc (≥ 6% porosity) and 2.40 g/cc (≥ 15% porosity) most likely 
is due to increased compaction and cementation during diagenesis and 
deep burial. Th e thick net RHOB areas in the western AOR are at-
tributed to higher energy shelf environment, in closer proximity to the 
source of the quartz sandstone, which may have less compaction and 
cementation during burial and diagenesis. In general, areas west and 
southwest of the AOR have the best-developed net quartz sandstone. 
Other areas within the AOR have very low to no net feet of the lower 
RHOB cutoff  developed. Comparing the core analyses with the net 
RHOB ≤ 2.55 g/cc (≥ 6% porosity) mapping values suggests that net 
sandstone footage of Maryville “lower unit” in the New Haven site 
area is an estimated 35 to 40 feet thick.

Based on core data and geophysical well log analyses, the regional 
stratigraphy trending SW-NE from Scioto County, Ohio to Wood 
County, West Virginia, supports a model of an extensive carbonate ma-
rine shelf environment decreasing in quartz sandstone eastward for the 
Maryville Formation (including the “lower unit”). Core and log analyses 
also indicate the quartz sandstone of the “lower unit” occurs in thin dis-
continuous beds, which are probably not connected as a reservoir (as-
suming vertical fractures are absent). However, contoured data RHOB ≤ 
2.68 g/cc (≥ 0% porosity) suggest that the New Haven site may have be-
tween 100 and 130 net feet of quartz sandstone, based on an along-strike 
depositional model for the stable craton shelf between Noble (OH) and 
Wood Counties (WV); and Lawrence (OH) County. Th e greatest un-
known at the New Haven site for the Maryville “lower unit” is the thick-
ness and extent of eff ective reservoir porosity and permeability.

Cambrian-Ordovician Rose Run sandstone

Based on cores within the AOR, the Rose Run sandstone consists 
of a sequence of quartz arenites and subarkoses interbedded with thin 
beds of nonporous dolomite (Appendix A and B, DGS cores 2898, 
768, and 3049). Th e Rose Run sandstone underwent a long and com-
plicated burial and diagenetic history, which infl uenced the present-
day porosity and permeability. Th e most abundant cement in the Rose 
Run sandstones is dolomite, which formed during two or more peri-

ods of dolomitization and plays an important role in permeability and 
porosity variations. Other cements include quartz overgrowths, feld-
spar overgrowths, and clay minerals (Riley and others, 1993). Domi-
nant pore textures in the Rose Run include: 1) intergranular pores, 
2) oversized pores, 3) moldic pores, 4) intraconstituent pores, and 5) 
fractures. It is important to note that the Rose Run sandstone is not 
a blanket sandstone, but is heterogeneous with porosity and permeabil-
ity variability within the individual sandstone beds interbedded with 
dolomite (Riley and others, 1993).

Core data also indicate that the Rose Run sandstone reservoir 
quality, similar to the Maryville, decreases to the east and southeast. 
Th e most detailed Rose Run core data within the AOR is from the 
#1 Trepanier well (APINO 3407920102, Jackson County), which is 
located approximately 40 miles west and updip of the proposed New 
Haven site (fi g.1). Core porosities in this well range from 1.5 to 14.9 
percent and average 9 percent. Maximum permeabilities range from 
0.1 to 198 md and average 47 md. Rose Run grain density ranges 
from 2.62 to 2.77 gm/cc with an average of 2.66 gm/cc. Rose Run 
core samples were analyzed in the #1 Trepanier well and the #4 Aris-
tech well (APINO 3414560141, Scioto County) (Appendix C). Per-
meabilities for these samples were 6 and 86 md (average of 46 md). 
Porosities range from 9.1 and 12.7 percent with an average of 10.9 
percent. Grain density was 2.64 and 2.65 with an average of 2.65. Th e 
#1 Power Oil Company well (APINO 4710700351, Wood County), 
located approximately 40 miles northeast and downdip from the pro-
posed site, contained the lowest core porosity values. Core porosities in 
this well for the Rose Run sandstone range from 0.45 to 0.50 percent 
and averaged 0.47 percent. Grain density ranged from 2.63 to 2.79 
gm/cc and averages 2.67 gm/cc.

Rose Run net sandstone maps (fi gs. 40, 41, 42) also were con-
structed using density cutoff s of ≤ 2.40 g/cc (≥ 15% porosity), ≤ 2.55 
g/cc (≥ 6% porosity), and ≤ 2.68 g/cc (≥ 15% porosity). Th ese values 
are summarized in Table 3b along with the gross thickness and aver-
age density within the Rose Run sandstone interval. Th is table only 
includes those wells with bulk-density curves using a standard 2.0- to 
3.0-gm/cc calibration. Average bulk-density measurements in the AOR 
range from 2.55 to 2.73 gm/cc (average 2.65 gm/cc) and increased 
generally to the east and southeast indicating more carbonate and less 
quartz sandstone content in the Rose Run interval in that direction 
(fi g. 43). Th e #1 Jividen (APINO 4705300297, Mason County) is the 
nearest downdip well to the proposed New Haven site, and had the 
second highest average bulk density (2.71 gm/cc) in the AOR, which 
indicates a high percentage of carbonates in the Rose Run interval. 
Two Rose Run wells intervals in the western portion of the AOR had 
average bulk density values of 2.55 and 2.56 gm/cc indicating a much 
higher percentage of sandstone.

Calculated net footage Rose Run sandstone values for the bulk-
density cutoff  of ≤ 2.68 g/cc (≥ 15% porosity) range from 28 to 
66 feet (average 43 feet) (Table 3, fi g. 40). Th e net footage quartz 
sandstone map shows the greatest net sandstone footage to be in 
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Figure 37.—Maryville “lower unit” net RHOB at ≤ 2.68 g/cc (equivalent to ≥ 0% porosity assuming 100% quartz arenite) cutoff  and location of 
the New Haven site. Contour interval = 5 feet. Figure by the ODNR, Division of Geological Survey.
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Figure 38.—Maryville “lower unit” net RHOB at ≤ 2.55 g/cc (equivalent to ≥ 6% porosity assuming 100% quartz arenite) cutoff  and location of 
the New Haven site. Contour interval = 5 feet. Figure by the ODNR, Division of Geological Survey.
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Figure 39.—Maryville “lower unit” net RHOB at ≤ 2.40 g/cc (equivalent to ≥ 15% porosity assuming 100% quartz arenite) cutoff  and location of 
the New Haven site. Contour interval = 2 feet. Figure by the ODNR, Division of Geological Survey.
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Figure 40.—Rose Run net RHOB at ≤ 2.68 g/cc (equivalent to ≥ 0% porosity assuming 100% quartz arenite) cutoff  and location of the New 
Haven site. Contour interval = 5 feet. Figure by the ODNR, Division of Geological Survey.
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Figure 41.—Rose Run net RHOB at ≤ 2.55 g/cc (equivalent to ≥ 6% porosity assuming 100% quartz arenite) cutoff  and location of the New 
Haven site. Contour interval = 5 feet. Figure by the ODNR, Division of Geological Survey.
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Figure 42.—Rose Run net RHOB at ≤ 2.40 g/cc (equivalent to ≥ 15% porosity assuming 100% quartz arenite) cutoff  and location of the New 
Haven site. Contour interval = 5 feet. Figure by the ODNR, Division of Geological Survey.
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Figure 43.—Map showing average bulk density from geophysical logs for Rose Run Haven site. Figure by the ODNR, Division of Geological 
Survey.
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northern Lawrence County, Ohio. Th e proposed New Haven site 
has an estimated net Rose Run sandstone footage of approximately 
42 feet (at the 2.68 gm/cc cutoff ). Th e nearest well with a density log 
is the #1 Jividen (APINO 4705300297, Mason County), which is 
approximately 25 miles to the south. Higher values of net Rose Run 
sandstone footage may be present in the Rome Trough to the east 
of the proposed site, where thicker accumulations of sand may have 
been deposited.

Th e amount of net Rose Run sandstone footage in the AOR de-
creases with a density cutoff  of ≤ 2.55 gm/cc (≥ 6% porosity). Calcu-
lated values range from about 2 to 42 feet (average 21 feet)(Table 3, fi g. 
41). Th e highest net Rose Run sandstone footage value in the AOR at 
this cutoff  is about 42 feet in Hocking County, Ohio. Th e New Haven 
site has a mapped net sandstone value at ≤ 2.55g/cc (≥ 6% porosity) of 
approximately 18 feet.

Using a bulk density cutoff  of ≤ 2.40 g/cc (≥ 15%), the net Rose 
Run sandstone values look much worse for injection potential. Calcu-
lated values range from 0 to 22 feet (average 5 feet) (Table 3, Figure 
42). Th e highest value is in Jackson County, Ohio. Th e New Haven 
site has approximately 16 feet of net quartz sandstone footage at this 
cutoff . As with the previous net Rose Run sandstone footage maps, the 
better sandstone development is to the north and west closer to the 
source. Th ere may be thicker net Rose Run sandstone deposits accu-
mulated in the Rome Trough to the east of the proposed site.

Speculative deep-injection zones

Very little is known about the Precambrian basement complex 
and lowermost Cambrian strata in the AOR. Although very specula-
tive, the possibility of porous and permeable pre-Maryville sediments 
within the AOR including the Rome Trough, which would enhance 
the Maryville “lower unit” injection-zone should be discussed. Th e 
presence of deep, layered seismic refl ectors within the AOR and prox-
imity to the Rome Trough increase the possibility that such sediments 
may be present. Published and unpublished seismic refl ection data in 
Ohio indicates local areas of thicker basal Paleozoic/Precambrian sedi-
ments, which may represent the following depositional settings domi-
nated by clastic sediments: Rome Formation of the Rome Trough, 
basal Paleozoic incised river systems, Middle Cambrian rift basins, Pre-
cambrian Neoproterozoic rift basins, Mesoproterozoic rift basins, and 
Grenville foreland basins. Th e acquisition of seismic refl ection data at 
the New Haven site would assist in recognizing the presence of these 
speculative zones.

Shallow Potential Injection Intervals

Th e Ordovician St. Peter sandstone, Silurian “Clinton”/Tus-
carora sandstone, Newburg sandstone, and the Devonian Oriskany 
sandstone were also examined to evaluate their potential as injection 
zones. Th e nearest well to the New Haven site with St. Peter sandstone 

is the #1 Arrington well (APINO 4705300069, Mason County). At 
this well location, the St. Peter interval is at a depth of 6,646 to 6,682 
feet, and consists of a white, very fi ne to medium-grained, glauconitic 
sandstone (Overbey, 1961). In the AOR, the St. Peter occurs locally 
on the Knox unconformity, and may not be present at the New Haven 
site. Th e nearest producing fi eld is the Stephens fi eld in Elliot County, 
Kentucky, where the average log porosity is 7 percent.

Th e “Clinton”/Tuscarora sandstone occurs as a sequence of in-
terbedded sandstones, siltstones, and shales. Lithologically, the indi-
vidual reservoir beds consist of a white to gray to red, medium- to 
very fi ne-grained, monocrystalline, quartzose sandstone (McCormac 
and others, 1996). Based on correlation to the #1 Baker well (APINO 
3410523520, Meigs County), the “Clinton”/Tuscarora sandstone oc-
curs at a depth of approximately 5,600 feet (fi g. 27). Th is well is ap-
proximately 13 miles to the northeast of the New Haven site. Gross 
thickness for the interval is approximately 150 feet and net sandstone 
thickness is 38 feet. Log porosities range from 4 to 6 percent and aver-
age 5 percent in this well. Th ere is no nearby core data available, but 
as mentioned earlier, the porosity and permeability of the “Clinton”/
Tuscarora sandstone decreases to the east and southeast.

Th e Newburg sandstone consists of a thin, white to gray, very 
fi ne- to fi ne-grained, well-sorted sandstone (Patchen, 1996). Nearest 
wells which encountered the Newburg sandstone are in eastern Meigs 
County, approximately 7 miles to the east of the New Haven site. Here 
the Newburg sandstone occurs at a depth ranging from 4,800 to 5,100 
feet. Net thickness is approximately 3 feet and the average log porosity 
is 11 percent (Patchen, 1996). It is not certain if the Newburg sand-
stone will be present at the New Haven site.

Th e Oriskany Sandstone is an unconformity sandstone overlying 
the Helderberg Formation and underlying the Onondaga Limestone. 
Lithologically, this unit consists of well-sorted, white to light gray, and 
gray-brown, quartzose sandstone (Opritza, 1996). Th e updip pinchout 
of the Oriskany sandstone trends north-south through eastern Meigs 
County and central Mason County (Opritza, 1996). Presence of this 
unit at the New Haven site is questionable because of its proximity to 
the updip pinchout. A cross section across northern Meigs County, 
approximately 15 miles to the northeast (fi g. 27), illustrates the local 
stratigraphy of this unit. Here, the Oriskany occurs at depths ranging 
from 4,100 to 4,250 feet. Average net thickness is 15 feet and the aver-
age log porosity is 6 percent.

CONFINING UNITS FOR POTENTIAL
INJECTION INTERVALS

Cambrian Maryville “lower unit”

At the New Haven site, the Maryville “lower unit” is unconform-
ably confi ned below by the Precambrian basement complex and above 
by the remaining Conasauga Group (Maryville Formation, Noli-
chucky Shale, Maynardville Limestone) and Copper Ridge Dolomite. 
While little is known about the Precambrian basement in this area, a 
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general assumption is that it consists of Grenville igneous and meta-
morphic rocks, which will provide eff ective confi nement in the absence 
of open fractures, faults and porous, permeable, fault gouge.

Approximately 1,100 feet of dolomite and shale act as the confi n-
ing unit between the Maryville “lower unit” and Rose Run sandstone. 
Porosity in the Maryville Formation confi ning interval is generally less 
than 1 per cent; permeability is less than 1 md based on the #1 Aristech 
(APINO 3414520252, Scioto County) core analyses. Core analyses for 
the Copper Ridge shows similar low porosity and permeability values. 
(Appendix C, E)

Cambrian-Ordovician Rose Run sandstone

At the proposed site, estimated thickness values for units confi n-
ing and overlying the Rose Run sandstone are based on correlation to 
the nearest logged wells to the site and along strike for the Rose Run 
structure (fi g. 34; #1 Arrington and #1 Jividen (APINOs 4705300069 
and 47053000297, Mason County)). Actual thickness values encoun-
tered at the New Haven site may vary from those predicted depending 
on presence of faulting in the area and its eff ect on deposition. Th e 
immediate confi ning zone for the Rose Run sandstone consists of the 
Ordovician Wells Creek Formation, the Black River Group, and the 
Lexington Limestone (fi g. 9). Estimated combined total thickness for 
this interval at the proposed site ranges from 840 to 1,070 feet.

In the vicinity of the proposed site, estimated thickness of the 
Wells Creek Formation is 130 feet. Th ickness of the Wells Creek For-
mation can vary greatly depending on the Knox paleotopography, and 
may be locally absent because of nondeposition over paleotopographic 
highs. Estimated thickness of the Black River Group and Lexington 
Limestone ranges from 640 to 860 feet and 70 to 80 feet respectively.

Th e Wells Creek Formation unconformably overlies the Knox 
Dolomite. It is composed of very fi ne-grained dolomite interbedded 
with thin gray to green to black shale lenses. A sandstone unit infor-
mally called the St. Peter sandstone occurs locally on the Knox un-
conformity surface. Th ickness of the Wells Creek ranges from 22 to 
654 feet in the AOR. Th e Black River Group conformably overlies the 
Wells Creek Formation and consists of light brown to gray, slightly 
argillaceous, fi nely crystalline limestone.

Between the top of the confi ning zone (Lexington Limestone) 
and the base of the lowermost USDW (Pennsylvanian), the overlying 
rocks at New Haven have an estimated total thickness ranging from 
3,955 to 4,180 feet. As discussed in the regional stratigraphy section, 
this section of rock strata includes the Upper Ordovician shale, the 
Silurian-Devonian carbonates, and the Upper and Middle Devonian 
shale (fi g. 9). At the proposed site, the estimated thickness for these 
overlying units ranges from 1,335 to 1,400 feet (Upper Ordovician 
shale section), 1,140 to 1,150 feet (Silurian-Devonian carbonate sec-
tion), and 1,480 to 1,630 feet (Upper and Middle Devonian shale 
section). Total thickness for this interval ranges from 520 to 2,109 feet 
in the AOR.

SUMMARY

An evaluation of 128 wells deeper than the Ordovician Trenton 
Limestone within or adjacent to a 7,300 mile² area centered on New 
Haven, West Virginia indicates two potential CO2 injections zones: 
Cambrian Maryville “lower unit” and Rose Run sandstone. Th e pos-
sibility also exists for previously unknown porous and permeable zones 
beneath the Maryville within the AOR. Although highly speculative, 
the potential for these older zones is based on seismic refl ection data 
from Ohio and West Virginia.

Based on cores within the AOR, both the Maryville Formation 
and the Rose Run sandstone consists of a sequence of quartz arenites 
and subarkoses interbedded with thin beds of nonporous dolomite 
with very similar depositional environments, ranging from shallow 
marine to subtidal on an extensive shallow cratonic shelf. Within the 
AOR, the quartz sandstone facies for both units (the Maryville Forma-
tion “lower unit” and the Rose Run sandstone) occurs in thin dis-
continuous beds. Each of these units is a separate reservoir, separated 
by hundreds of feet of carbonates and shales. Within each unit, the 
individual beds are probably not connected as a reservoir (assuming 
fractures are absent). Th e source of quartz arenites appears to be gener-
ally from the north and west as dolomite predominates eastward and 
southeastward. Both of these units underwent a long and complicated 
burial and diagenetic history, which infl uenced the present day poros-
ity and permeability.

Th e greatest unknown at the New Haven site for the potential in-
jection zones is the thickness and extent of eff ective reservoir porosity 
and permeability. However, at the New Haven site, the two zones have 
a combined estimated thickness between 50 and 100 feet with average 
porosity greater than 8 per cent. Depths to the Maryville “lower unit” 
and Rose Run sandstone is estimated at –8,000 feet MSL and –6,950 
feet MSL respectively at the site. Depth to Precambrian basement is es-
timated at –8,600 feet MSL. Other speculative injection zones may exist 
in the Cambrian and Precambrian units beneath the Maryville “lower 
unit” based on seismic refl ection data in Ohio and West Virginia.

Confi ning units are regionally very impermeable with low poros-
ity and should provide adequate confi nement for the injection zones 
in the absence of open fractures, open faults, and fault gouge. Th e 
Maryville “lower unit” is confi ned by about 1,100 feet of dolomite and 
shale at New Haven. Th e Rose Run sandstone is confi ned by about 
1,000 feet of limestone and shale at the site.

It is recommended that strike and dip seismic refl ection data be 
acquired crossing the Ohio River at New Haven. Th e seismic evalu-
ation would tie to existing seismic refl ection data and the geologic 
evaluation from this report to determine the best geological location(s) 
for drilling a stratigraphic test well. A stratigraphic test well will be re-
quired to realistically characterize the stratigraphy, thickness, porosity, 
and permeability of the prospective injection intervals and the geology, 
composition, and character of the Precambrian complex. Th e methods 
used for ALL porosity calculations from cores and geophysical well logs 
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should be standardized if possible with actual stratigraphic test well 
data from New Haven. Th is well data, accompanied by seismic refl ec-
tion data, will facilitate modeling of the subsurface geology at the New 
Haven site, and thus assist in the determination of realistic injectivity 
and storativity values necessary to evaluate the suitability of the site to 
sustain the volumes of CO2 injection for the proposed project.
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APPENDIX C

Aristech
Well number 1
Scioto County, OH
Green Township
Permit no. 20212
DGS Core No. 2958 data sheets building I P8-68 002630 (see APPENDIX E this report)

 Depth (ft) Kmax(md) Perm K-90(md) Vertical (md) Porosity Grain density (gm.cc) FM   vertical perm (md)

 4,242-4,246.5 0 0 NA 3.9 2.63 RSRN
 4,250-4,261.2 83 33 NA 10.4 2.61 RSRN
 5,532-5,561 94 26.8 NA 11.9 2.55 MRVL
 5,563-5,573 3.9 0.4 NA 3.9 NA MRVL

Aristech
Monitor well
Scioto County, OH
Green Township
Permit no. 60141
DGS Core No. 3409 data sheets building I P2-91 002637 (see APPENDIX E this report)

 Depth (ft) Kmax(md) Perm K-90(md) Vertical (md) Porosity Grain density (gm.cc) FM   vertical perm (md)

 4,021-4,022 231 0.02 0.02 2.2 2.79 BKMN
 4,193-4,194 6 3.3 0.07 9.1 2.65 RSRN
 4,202-4,203 86 70 1.4 12.7 2.64 RSRN
 4,592.5-4,593.1 0.1 0.06 <.01 2.7 2.73 CPRG
 5,196.5-5,197.0 1.8 0.04 1.7 3.6 2.84 CPRG

Aristech
Well number 3
Scioto County, OH
Green Township
Permit no. 60033
DGS Core No. 3248 data sheets building I P1-90 002632 (see APPENDIX E this report)
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Hope Natural Gas
No. 9634 Power Oil Company
Wood County, WV
Permit No. 351
DGS Core No. 768
Source: 1959, West Virginia Geological Survey, Investigations No. 18, p. 126,127.
Interval: Wells Creek-Rome

          Longit. Shear
 Depth (ft) Density Porosity 

Th ermal Dielectric Magnetic Young’s Rigidity Poisson’s
 Internal Internal FM

    
Cond. Constant Suscep. Modulus Modulus Ratio

 Friction Friction 

10,670 2.79  9.3 32 5      WLCK
10,692 2.665 0.7 13.2 8.1       WLCK
10,710 2839 0.14 11.1 9.1       BKMN
10,730     6      BKMN
10,750 2.749 0.5 10.8 8.5       BKMN
10,771 2.771 0.2 12 8.2       BKMN
10,791 2.813 0.45 12.2 7.7       BKMN
10,831           BKMN
10,851 2.783 0.15 9.7 11.5 1 9.5 3.75 0.26 0.019 0.008 BKMN
10,871 2.832 0.2 11.7 9.6 3 8.65 3.64 0.19 0.023 0.014 BKMN
10,891 2.817 0.1 11.5 8.1 1      BKMN
10,911 2.797 0.45 10.4 12.9 2 8.55 2.95 0.44 0.04 0.04 BKMN
10,931 2.836 0.35 12.6 7.8 2      BKMN
10,951 2.804 0.45 10.6 8.6 4      BKMN
10,971 2.811 0.25 11.3  4 7.5 3.45 0.11 0.026 0.023 BKMN
10,991 2.813 0.35 11.1 8.6 2 6.9 3.05 0.13 0.024 0.027 BKMN
11,011 2.841 0.2 11.8 7.7       BKMN
11,031 2.815 0.4 11.4 5.9  6.15 2.8 0.1 0.023 0.057 BKMN
11,050 2.835 0.25 11.7 7.4 1      BKMN
11,070 2.827 0.25 12.2 7.1 2 5.95 2.75 0.09 0.038 0.025 BKMN
11,090 2.824 0.45 13.2 10.5 1      BKMN
11,101 2.825 0.4 13.2 10 1 7.45 3.25 0.14 0.032 0.029 BKMN
11,130 2.819 0.2 13.7 8.6 1 4.25 2.3 -0.09 0.068 0.043 BKMN
11,150 2.818 0.35 12.6 8.4 1      BKMN
11,170 2.756 0.15 11.2 7.4 1 8.55 3.7 0.16 0.031 0.015 BKMN
11,190 2.797 0.3 11.6 7.7 1 3.05 2.1 -0.27 0.022 0.038 BKMN
11,211 2.79 0.6 12.1 9.3 1      BKMN
11,230 2.814 0.4 11.6 10 2 3.55 2.2 -0.21 0.114 0.038 BKMN
11,251 2.819 0.45 12.1 8.9 1 4.45 2.35 -0.06 0.065 0.031 BKMN
11,267 2.819 0.3 11.5 8.1 1      BKMN
11,291 2.817 0.45 11.9 9.6 1      BKMN
11,330 2.676 0.55 9.7 11.1 1      BKMN
11,349 2.805 0.65 11.6 7.5 1      BKMN
11,371 2.825 0.35 11.6 8.5 3      BKMN
11,391 2.792 1.05 11.2 7.6 1 6.6 2.9 0.13 0.078 0.044 BKMN
11,410 2.815 0.45 12.2 8  6.85 2.9 0.18 0.036 0.041 BKMN
11,431 2.816 0.45 11.8 9.7 2      BKMN
11,450 2.813 0.2 11.3 7.7  6.45 2.9 0.12 0.03 0.02 BKMN
11,470 2.835 0.45 11.2 7.4       BKMN
11,491 2.803 0.4 12.2 9.2       BKMN
11,510 2.799 0.35 10.1 8.2 2      BKMN
11,531 2.825 0.25 11.9 8.1       BKMN
11,551 2.819 0.45 13.1 8.4       BKMN
11,571 2.824 0.3 12.2 8.4 2      BKMN
11,591 2.821 0.3 12.4 9.1       BKMN
11,611 2.806 0.3 11 10.1       BKMN
11,631 2.813 0.4 11.8 8       BKMN
11,650 2.651 0.45 14.7 4.6  2.95 1.85 -0.2 0.112 0.041 RSRN
11,671 2.729 0.45 14 6.8  3.3 2 -0.16 0.095 0.055 RSRN
11,684 2.63 0.5 15.2 4.5  4.35 2.45 -0.11 0.025 0.031 RSRN
11,924 2.824 0.75 12.4 5.6  7.2 3.05 0.19 0.074 0.067 CPRG
11,945 2.819 0.3 13.4 8.6 1      CPRG
13,005 2.819 0.25 9.2 7.8 4      MRVL
13,026 2.678 0.65 10 6.2 6      MRVL
13,045 2.832 0.2 10.4 7.6 8 7.1 2.95 0.19 0.024 0.01 MRVL
13,066 2.663 0.6 13.7 5.7 2      MRVL
13,086 2.66 0.7 12.6 5.2 6      MRVL
13,106 2.515 2.5 13.5 4.5 1      MRVL
13,126 2.683 0.6 7 7 8      MRVL
13,146 2.799 0.35 8 8.6 10 5.25 2.5 0.05 0.028 0.01 MRVL
13,165 2.675 0.85 7.4 6.9       MRVL
13,314 2.91 0.35 5 43.5 57      PCMB
13,318 2.65 0.2 7.9 9.3 8      PCMB
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Nu Corp. Energy Company
#1 Trepanier
Jackson County, OH
Franklin Township
Section 8
Permit No. 102
OGS Core No. 2898
Source: Core Laboratories, Inc.;  Note: Depths annotated on cores are 10 feet  deeper than those on core descriptions.

 Perm. to air MD Porosity Fluid sats.
 Sample No. Depth 

Max. 90 deg. Vert.
 gex. 

Oil Water
 Gr. Den. Description FM

      fl d.

 1 4,498-4,499 0.1 0.1 0.1 1.5 0 94.7 2.77 DOL,SDY,SL/SHY,FOSS RSRN
 2 4,499-4,500 3 2.5 0.2 3.1 0 56.5 2.68 SD,SL/SHY RSRN
 3 4,500-4,501 17 17 0.9 7.8 0 24.8 2.67 SD,SL/SHY RSRN
 4 4,501-4,502 33 32 1.9 9.6 0 62.3 2.64 SD,SL/SHY RSRN
 5 4,502-4,503 26 26 14 11.5 0 89.5 2.65 SD,SL/SHY RSRN
 6 4,503-4,504 156 152 11 12.8 0 94 2.63 SD,SL/SHY RSRN
 7 4,504-4,505 60 17 1.2 10.4 0 82.8 2.62 SD,SL/SHY RSRN
 8 4,505-4,506 17 15 0.6 8.6 0 71.3 2.64 SD,SL/SHY RSRN
 9 4,506-4,507 6.3 5.8 0.5 8.4 0 71.1 2.64 SD,SL/SHY RSRN
 10 4,507-4,508 6.7 6.6 1 9.1 0 72.9 2.66 SD,SL/SHY RSRN
 11 4,508-4,509 3.5 3.4 0.6 7.7 0 73.4 2.64 SD,SL/SHY RSRN
 12 4,509-4,510 0.3 0.2 0.1 5.2 0 85.4 2.63 SD,SL/SHY,STY RSRN
 13 4,510-4,511 0.1 0.1 0.1 2.9 0 85.3 2.7 SD,SL/SHY RSRN
 14 4,511-4,512 0.1 0.1 0.5 5.3 0 77.3 2.68 SD,SL/SHY RSRN
 15 4,512-4,513 0.2 0.1 0.3 5.6 0 75 2.68 SD,SL/SHY RSRN
 16 4,513-4,514 8.6 7 2 8 0 75.8 2.67 SD RSRN
 17 4,514-4,515 8.1 7.3 0.4 7.3 0 76.9 2.66 SD RSRN
 18 4,515-4,516 3.5 3.4 0.5 9.5 0 79.5 2.68 SD,SL/SHY RSRN
 19 4,516-4,517 0.9 0.8 0.1 9 0 86 2.65 SD,SL/SHY RSRN
 20 4,517-4,518 20 16 0.2 11.6 0 79.1 2.64 SD,SL/SHY RSRN
 21 4,518-4,519 18 16 1.7 12.5 0 84.7 2.68 SD RSRN
 22 4,519-4,520 159 144 35 14.9 0 73.1 2.68 SD RSRN
 23 4,520-4,521 28 26 46 10.8 0 90.7 2.68 SD RSRN
 24 4,521-4,522 63 59 41 13.2 0 86 2.68 SD,SL/SHY RSRN
 25 4,522-4,523 71 70 27 13.6 0 80.9 2.68 SD,SL/SHY RSRN
 26 4,523-4,524 198 194 98 14.8 0 89.3 2.68 SD,SL/SHY RSRN
 27 4,524-4,525 20 19 0.1 9.9 0 72 2.68 SD,SL/SHY RSRN
 28 4,525-4,526 184 152 22 13.2 0 95.3 2.67 SD,SL/SHY RSRN
 29 4,526-4,527 178 159 51 13 0 98.8 2.68 SD RSRN
 30 4,527-4,528 180 162 76 13.1 0 98.1 2.68 SD,SL/SHY RSRN
 31 4,528-4,529 109 103 41 12.1 0 97.8 2.68 SD,SL/SHY RSRN
 32 4,529-4,530 11 3.4 0.7 7 0 69.6 2.67 SD,SL/SHY RSRN
 33 4,530-4,531 0.1 0.1 0.1 4.3 0 75.6 2.68 SD,SL/SHY RSRN
 34 4,531-4,532 0.2 0.1 0.1 2 0 75 2.67 SD RSRN
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APPENDIX E

(Also see attached PDF)

Class 1 data/reports
All located in Building I

 Bar code Box Dates Company General Description Building I no.   report contents

 002630 28 12/20/67-4/1/88 Aristech Report P8-68 Table 3: Fluid mobilities through core samples of 
MNSM, Well #1

 *002630 28   Report P8-68 Table 1: Core Analysis, Well #1: Berea; Newburg; St. 
Peter; Rose Run; Mt Simon (Maryville lower unit)

 002630 28   Report P8-68 Figure 3: Pressure transient tests, MNSM, Well #1
 002630 28   Report P2-88 Annulus pressure test, Well #1 & #2, pages 86-88
 002632 30 1/29/90-5/1/90 Aristech Report P1-90 Appendix I: Chemical analyses formation fl uids: 

BERE, CNSG/ROME, MNSM, RSRN, SNPR, 
Well #3

 *002632 30   Report P1-90 Core analysis and results for permeability and poros-
ity, Well #3

 *002633 31 5/1/90-5/31/90 Aristech Report P2-90  Appendix 4.3-H: Core Analysis, Well #3
 002633 31   Report P2-90  Appendix 5.3-C: Chemical Analysis, BERE sample in 

Scioto County brine well
 002636 34 4/6/91-7/12/91 Aristech Report P1-91 vol. 4 Appendix 9:1-A interference test analysis
 002636 34   Report P1-91 vol. 4 Page 9-2: Step-rate test analysis
 002636 34   Report P1-91 vol. 4 Page 9-2: In-situ stress test
 002636 34   Report P1-91 vol. 4 Appendix 9.0-A: About 200 pages; pressure fall-off , 

step rate and interference tests for WDW 1, 2, & 3
 002636 34   Report P1-91 vol. 4 Appendix 7.3-B: Chemical analysis of samples of 

BERE and LOGN, Well #4
 002636 34   Report P1-91 vol. 4 Appendix 7.3-C: Chemical analyses of water samples, 

Well #3
 002636 34   Report P1-91 vol. 4 Appendix 7.3-D: Chemical analysis of formation 

samples in Scioto County brine wells
 002636 34   Report P2-91  Appendix C.1 to C.7: Drill stem and swab tests
 *002636 34   Report P1-91 vol. 4 Appendix 6.3-L: Petrographic study of core interval 

5,915'-6,109' (MNSM), Maryville this report, 
Well #3

 002637 35 7/12/91-8/15/91 Aristech Report P4-91 Appendix I: Description of formation testing proce-
dures, Well #3

 002637 35   Report P4-91 Appendix G-2: Summary of formation testing and 
logging procedures, Well #3

 002637 35   Report P4-91 Appendix G-3: Summary of formation testing and 
logging procedures, Well #4

 002637 35   Report P2-91 Appendix G: In-situ stress test
 *002637 35   Report P2-91 Appendix H: Petrographic core analysis, Well #4, 

Samples from BKMN, RSRN, CPRG, ROME 
(Maryville this report)

 002637 35   Report P4-91 Appendix G-4: Step-rate testing, Well #3
 002637 35   Report P3-91 Tables 1 through 5: In-situ stress test data
 002637 35   Report P3-91 Rose Run/Copper Ridge report V1 sections 3 & 5 

analyses and data weels 1, 2, 3, 4
 002639  8/15/91-8/31/91 Aristech Report P4-91 Appendix S-1: In-situ stress measurements
 002639    Report P4-91 Appendix AA: DST data analysis
 002639    Report P4-91 Appendix BB: Summary of studies performed and 

methodologies
 002639    Report P4-91 Appendix M: Assessment of Haverhill fl uid chemistry
 002640  5/12/68-1/1/96 Aristech Report W1-68 Inter-offi  ce memorandum, Well #1, June 15, 1968

*Cited this report
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