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Like other parts of the country, “shale frenzy” has come to Ohio.
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Drilling and producing from organic-rich shales
represents a large paradigm shift for the oil and gas industry.

Conventional Unconventional
system shale-gas

Conventional

5e?
Reservoir

Source

Organic-rich shale

From Kostelnick (2010),
modified from Schmoker and Oscarson (1995).

Prior to the late 1990s these shales were thought of principally as the source of oil
and gas that would then migrate slowly over time into “conventional”’ reservoirs.



Ohio is not alone.

Niobrara

Mowry Gammon
Hilliard- New Albany
Baxter- i Excello:Mulky
Mancos R : 2

Mancos,

Marcellus

Devonian
Hermosa

Lewis e ¥ Jak \ Chattanooga

Pierre

Bend v \ Conasauga

\ Fayetteville & Floyd-
Barnett&  woodford S - Haynesville/ Neal
Woodford : Bossier

' Woodford/
Barnett Caney

Pearsall /&

Source: ALL Consulting, Modified from USGS & other sources

The advent of drilling long horizontal laterals combined with the
ability to perform multiple stage hydraulic fracture treatments have
allowed many shale gas plays to develop across the United States.
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Marcellus Shale Files for Download

The Marcellus Shale Play: Geology, History, and Oil & Gas Potential in
Ohio, by Larry Wickstrom and Chris Perry (s us ror)

Isopach map of the Marcellus Shale in the Appalachian Basin 14ss ks ror)

Stratigraphic cross sections illustrating the Devonian Shale interval in eastern
Ohio and west-central West Virginia:
« Northwest—southeast, along dip te.1 ms Por)

« Southwest—northeast, along strike s ms ror;

Marcellus Shale Producing Wells in Ohio:
« Map showing the locations of all Marcellus Shale producing wells in Ohio

[629 KB FDF)

« Data for Marcellus Shale producing wells i)
Structure map on the base of the Devonian Shale (1.9 ws ror

Utica Shale Files for Download

Type log for eastern Ohio & TOC analyses from the CO2 No. 1 Wellin
Tuscarawas County (2.2 ms ror)

Correlation chart for the Precambrian through Ordovician rocks in the
Appalachian Basin 1225 ks por)

Reaqional stratigraphic cross sections in the Appalachian Basin showing the
Cambrian—Ordovician interval i2.s ms ror)

Utica Shale Producing Wells in Ohio:
« Map showing locations of all Utica Shale producing wells in Ohio 11 ms PoF

« Data for Utica Shale producing wells 1xs)

Structure map on top of the Ordovician Shale in the Appalachian Basin iz ms rof

Structure map on top of the Trenton Limestone in the Appalachian Basin iz ms

PDF)

Isopach map of the Utica to Trenton interval in the Appalachian Basin 2.2 me rof

Source Rock Distribution and Total Organic Carbon Content:
« Summary and regional maps (1.s ms por)

« Well header and source rock data ;xis) (updsted 02/02:2011)
« Source rock well location map 1 ms por

Additional Resources

Ohio Geological Survey Digital Data File 6: The Ohio Compilation of
Devonian Shale Data and Investigations (2007).

A Geologic Play Book for Trenton-Black River Appalachian Basin
Exploration (2006), CD-ROM available for free from the U.S_ Department of

Energy.
Marcellus Shale Play: Boon or Burden? Penn State University, Earth and

Environmental Systems Institute Spring 2009 EarthTalks — Marcellus Shale
Series.

Black Shale Source Rocks and Oil Generation in the Cambrian and Ordovician
of the Central Appalachian Basin, USA, by R. T. Ryder, R. C. Burruss, and J. R.
Hatch, AAPG Bulletin, v. 82, no. 3, p. 412—441, 1998. (Click here for abstract.)

Update on Regional Assessment of Gas Potential in the Devonian Marcellus
and Ordovician Utica Shales of New York, presentation by R. Nyahay, J.

Leone, L. B. Smith, J. P. Martin, and D. J. Jarvie (adapted from presentation at
2007 AAPG Eastern Section Meeting, September 16—18, Lexington, KY).

Marcellus Shale Research in Pennsylvania, Pennsylvania Geological Survey.

Horizontal drilling/fracturing process for shale, Marcellus Shale Coalition
(video).

Special Report: The Great Shale Gas Rush, National Geographic.

Check back, as we will periodically

add more resources.



Important Shale Characteristics
(Impact Recoverable Gas)

Where and how much is present.

How much organic matter it contains.

Type of organic matter (gas- vs. oil-rich shale).
Clay and other minerals it contains.

How deeply it was buried & “cooked.”

ts brittleness vs. ductility (break or bend).
How fractured it is (natural fractures).

All of these characteristics can change
In a shale formation across its area.



Devonian Depositional Environments

H [ B [ =

Organic-rich Submarine Shallow Inner shelf, Continental, Dominantly Undifferentiated
black shale ramp outer shelf delta-front, fluvial-deltaic, fluvial lithologies
turbidites sandstone, and littoral and clastics
siltstone, sandstone, marginal-
and shale siltstone, marine
and shale clastics

Figure attributed to Laughrey (2009) from Kostelnick (2010).

During the Acadian mountain-building event, sediments were shed from the highlands
into a somewhat enclosed basin (resulting in lower amounts of oxygen available). The
fine-grained sediments and organic remains that settled in the deeper part of this basin
were later buried and became the gray and black Devonian shales we find today.
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Graphics modified from Blakey (2011a, 2011b).




Multistate correlation chart showing‘the_bequivalent Devonian strata for the
northern Appalachian Basin, Cincinnati Arch, and Michigan Basin.
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Marcellus thins as it enters Ohio. It is shown on this chart as part of the Hamilton Group.
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Logs from three Marcellus wells across eastern Ohio showing the varying nature of the unit.
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Recommended bibliographic citation:
Erenpreiss, M.S., Wickstrom, L.H., Perry, C.]., Riley, R.A., Martin, D.R., and others,
2011, Organic Thickness Map of the "Marcellus". Modified from Harper and
Kostelnik, 2011, Pennsylvania Geological Survey; Kristin Carter, 2008, Pennsylvania
MRCSP; James Leone, New York; and Eric Lewis, 2011, West Virginia.
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ORGANIC-THICKNESS MAP
OF THE MARCELLUS SHALE
IN OHIO
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Recommended bibliographic citation:

Erenpreiss, M.S., Wickstrom, L.H., Perry C.J., Riley, R.A., Martin, D.R., and others,
2011, Organic-thickness map of the Marcellus Shale in Ohio: Ohio Department of
Natural Resources, Division of Geological Survey, scale 1 inch equals 27 miles.
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For approximate drilling depths to the base of the
Marcellus, add your topographic elevation to these depths.

Wickstrom and others, 2005

Devonian Shale Outcrop and Structure on the Onondaga Limestone (Big Lime of Ohio).




Marcellus Shale Wells

2004-2005 producing Marcellus wells (5)
2006 producing Marcellus wells (4)
2007 producing Marcellus wells (9)
2008 producing Marcellus wells (20)
2009 producing Marcellus wells (4)
2010 producing Marcellus wells (5)

Marcellus Shale wells proposed since 2009 (31)




Marcellus Shale

Vertical Permits Issued
Vertical Wells Drilled
Horizontal Permits
Horizontal Wells Drilled

67
44
10

2 (Jefferson County)

|

Marcellus Shale producing wells 2006-2010
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Class Il Wells

~— L =1
Raulding
-3 g 8

*f]h't‘TnI‘.Hu -

3 - Salt water disposa

wells

Ohio has
regulatory
primacy of its
brine

Injection wells;
Pennsylvania
does not.



Marcellus shale -l‘

Graphics from National Geographic (2010).



Image courtesy Steve Sadoskas, Baker Microseismic
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Is the frac staying in zone vertically?
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Pennsylvania: Aerial photo of a large Marcellus well frac job. Truck traffic,
and associated potentially muddy roads, is a consideration.




Approximate base of potable groundwater [

Black Hand Member (“Big Injun”) =

Berea Sandstone

Bedford Shale/
Ohio Shale/
Olentangy Shale

Marcellus Shaleg,
Onondaga Limestone
Oriskany Sandstone

Bass Islands/Salina Group

Lockport Dolomite

“Clinton” sandstone [~

Queenston Shale/
Cincinnati group

Utica Shale

Trenton Limestone/

Black River Group |-

Beekmantown dolomite

Rose Run sandstone | s

Copper Ridge dolomite/
Conasauga Group

basal sandstone [:::

Precambrian

Depth
(feet below
ground surface)

Utica Shale Well

(casing width exaggerated)
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Generalized Geology and Profile
of a Utica Shale Well Prototype
in East Central Ohio

Interbedded sandstone,
siltstone, shale, coal,
and limestone

Interbedded salt,
anhydrite, dolomite,
and shale

10:970 Sand and Gravel
o g

Sandstone

= 5,280 = 1 mile

At these depths, the pressure from
the overlying rocks and fluids make
it physically impossible to induce a
fracture all the way up to the
groundwater layers.




So, why is this a big deal?

= A in the Appalachian Basin produces
100-500,000 CF of gas per day and 200-500 MMCF in its life.
(500 MMCF x $4/MCF* = )

. well may produce around 2—-10

MMCF of gas per day and are projected to average around 4 BCF
of gas over their life, per well. (4 BCF x $4/MCF* =

)

» These lessen our purchases of
Imported energy,

*Calculations show total gas sales for life of typical example wells, assuming sale price of $4 per MCF. Gas presently
sells for (10/28/10). Note that a typical horizontal well costs $3-5 million, and there are other
significant costs to produce and transport gas to market.

KEY: M = million MMCF = million cubic feet (or 1,000 MCF)
MCF = thousand cubic feet BCF = billion cubic feet



Stratigraphy from the Marcellus to the Utica-Point Pleasant
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The Point

Pleasant is, in
- part, the lateral

equivalent of the
upper portion of
the Trenton
Limestone and is
in a gradational
relationship with
the overlying
Utica Shale. The
Point Pleasant
thins as one

goes further
east, while the
Utica thickens
eastward into the
Appalachian
Basin.



T P’Oi‘n‘t Pleasant
- Paleogeography

After Wickstrom and others, 1992 and Cornell, 2000
Image from http://www.mcz.harvard.edu/Departments/InvertPaleo/Trenton
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Recommended bibliographic citation:
Patchen, D.G.,, Hickman, ] B,, Harris, D.C., Drahovzal, ].A,, Lake, P.D,, Smith, L.B., Nyahay,
Richard, Schulze, Ros R.A, Baranoski, M.T, Wickst L.H, Laughrey’ C.,
Kostelnk, Jaime, Harper, |.A. Av B and McDowell, Konald,
2006, A 'geologic p o n an Basin e :
Morgantown, W. Us. Deﬁ»arlmcnt of Energy Report, Award Number DE-FC26-
03N'T41856, 601p., accessible at <http://www.wvgs.wvnet.edu/wwwjtbr/project_reports.asp>.
[Map modified by Powers, D.M., and Martin, D.R
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Thickness Map of
the Point Pleasant -

Utica Interval
in Ohio
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Structure on the Trenton Limestone. Add topographic elevation to derive
approximate drilling depths through the Utica-Point Pleasant interval.




Why Ohio may be the Focus of the Utica-Point Pleasant Play
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Gas-prone areas of Utica Shale will be in the deeper portion of the basin. Much of Ohio may
contain appreciable amounts of oil within Utica Wells as illustrated by this NW-SE-oriented
schematic cross section by Ryder illustrating the results of geochemical analyses of well samples.




Utica Shale Wells
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Utica Shale permitted wells 2010-2011
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Utica completions in PA
Utica wells permitted since start of 2010
Utica wells permitted as horizontal

Legacy Utica producers/shows



Utica Shale Wells

Utica Shale permitted wells 2010-2011
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Thickness Map of
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Utica Interval
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Method for Calculating Utica Oil Resource Assessment

Q: =V XD Xx TOC x C x %R
where
Q, = Quantity of hydrocarbons trapped (metric tons)
V = Volume of rock (cubic meters)
D = Rock density (kg /m )
TOC = Total organic content (percent)
C = Hydrocarbon conversion ratio (percent)
%R = Reservoir space with hydrocarbons (percent)

(Recoverable % from shale as reservoir)

Note: 1 metric ton = 7.1475 barrels Wallace and Roen, 1989



Resource Assessment for the Utica-Point
Pleasant in the Entire Appalachian Basin

D = 2.65 x 103 kg/m
TOC = 1.34 percent
C = 10 percent
%R = 3 percent

Qt = 13.26 billion barrels of oill
migrated to conventional reservoirs

Wallace and Roen, 1989



Utica-Point Pleasant Recoverable
Reserve Potential Estimate for Ohio

D =2.70 x 10° kg/m?3

TOC = 2.50 percent

C = 10 percent

%R = 1.2 percent*—recoverable from the interval
Qt = 1.96 billion barrels of oil or equivalent

D =2.70 x 10° kg/m3
TOC = 2.50 percent

C =10 percent
%R =5 percent—recoverable from the interval

Qt = 8.2 billion barrels of oil or equivalent

*Value used for Bakken Oil Shale recoverability by Pollastro and others, 2008



Utica/Point Pleasant Recoverable
Reserve Potential Estimate for Ohio

IF we assume '/, of volume will be gas and 2/, is oil, then...

%R = 1.2 percent—recoverable from the interval

Qt = 1.96 billion barrels equivalent
= 3.75 TCF gas and 1.31 Billion barrels ol

%R =5 percent—recoverable from the interval
Qt = 8.2 billion barrels equivalent
= 15.7 TCF and 5.5 Billion barrels oill



DISCLAIMER

* One of the mandates of the ODNR Division of Geological
Survey is to “...collect, study, and interpret all available
data pertaining to the origin, distribution, extent, use, and
valuation of... natural resources such as... petroleum
gas.”

= Without actual production histories from existing Utica
Shale wells, it is not possible to properly create a
“probable” reserve estimate.

» This volumetric reserve calculation is only an educated
guess as to the ultimate recoverable reserves from this
Interval. The ODNR Division of Geological Survey will
continue to gather data and provide updated
assessments when possible.



AREAS OF
UTICA and MARCELLUS
POTENTIAL IN OHIO
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[ Potential Marcellus in Ohio
Potential Utica in Ohio

Recommended bibliographic citation:
Erenpreiss, M.S., Wickstrom, L.H., Perry CJ., Riley, R.A., Martin, D.R., and others,
2011, Areas of Utica and Marcellus potential in Ohio: Ohio Department of Natural Gy
Resources, Division of Geological Survey, scale 1 inch equals 27 miles. 46/2011




Source: www.marketoracle.co.uk

The Utica Play may extend throughout much of the northern Appalachian
Basin and on the other side of the Adirondack Mountains within the St.
Lawrence River lowlands. The Utica Play in Quebec has been unfolding since
at least 2007 with wells testing as high as 12 million cubic feet of gas/day.



m;w

*\y » >

Massach sett

p?

Google Earth




Cited and Useful References

Blakey, R.C., 2011a, Regional Paleogeography; Paleogeography and geologic evolution of North-America—Middle Devonian, in Colorado Plateau
Stratigraphy and Geology and Global and Regional Paleogeography: Flagstaff, Ariz., Northern Arizona University, accessed at <http://
jan.ucc.nau.edu/~rcb7/namD385.jpg>.

Blakey, R.C., 2011b, Regional paleogeography; Sedimentation, tectonics, and paleogeography of the North Atlantic region—Devonian, in
Colorado Plateau Stratigraphy and Geolo7g§ and Global and Regional Paleogeography: Flagstaff, Ariz., Northern Arizona University,
accessed at <http://jan.ucc.nau.edu/~rcb7/340Nat.jpg>.

Cole, G.A., and others, 1987, Organic geochemistry and oil-source correlations, Paleozoic of Ohio: AAPG Bulletin, v. 71, No. 7, p. 788—-809.

Cornell, S.R., 2000, Sequence stratigraphy and event correlations of upper Black River and lower Trenton Group carbonates of northern New
York State and southern Ontario, Canada: Cincinnati, Ohio, University of Cincinnati, M.S. thesis.

Kostelnik, J. 2010, Geochemistry of the Marcellus Shale — A Primer on Organic Geochemistry. Pennsylvania Geology, Spring 2010 11p.

Laughrey, C.D., and Baldassare, F.J., 1998, Geochemistry and origin of some natural gases in the plateau province, central
Appalachian basin, Pennsylvania and Ohio: AAPG Bulletin, v. 82, p. 317-335..

McDowell, A.N., 1976, What are the problems in estimating the oil potential of a basin?: Oil and Gas Journal, June 9, 1975, p. 85-90.

National Geographic, 2010, Breaking fuel from rock, in Special Report—The Great Shale Gas Rush: National Geographic, October 17, 2010,
accessed at <http://news.nationalgeographic.com/news/2010/10/101022-energy-marcellus-shale-gas-science-technology-water/>.

Patchen, D.G., Hickman, J.B., Harris, D.C., Drahovzal, J.A., Lake, P.D., Smith, L.B., Nyahay, Richard, Schulze, Rose, Riley, R.A., Baranoski,
M.T., Wickstrom, L.H., Laughrey, C.D., Kostelnik, Jaime, Harper, J.A., Avary, K.L., Bocan, John, Hohn, M.E., and McDowell, Ronald, 2006,
A geologic play book for Trenton-Black River Aefalachian Basin exploration: Morgantown, W. Va., U.S. Department of Energy Report, DOE
Award Number DE-FC26-03NT41856, accessed at <http://www.wvgs.wvnet.edu/www/tbr/project_reports.asp>.

Pollastro, R.M., Cook, T.A., Roberts, L.N.R., Schenk, C.J., Lewan, M.D., Anna, L.O., Gaswirth, S.B., Lillis, P.G., Klett, T.R., and Charpentier, R.R.,
2008, Assessment of undiscovered oil resources in the Devonian-Mississippian Bakken Formation, Williston Basin Province, Montana and
North Dakota, 2008: U.S. Geological Survey Fact Sheet 2008-3021, 2 p., accessed at <http://pubs.usgs.gov/fs/2008/3021/>.

Repetski, J.E., Ryder, R.T., Weary, D.J., Harris, A.G., and Trippi, M.H., 2008, Thermal maturity patterns (CAl and %Ro) in Upper Ordovician and
Devonian rocks of the Appalachian basin—A major revision of USGS Map |1-917-E using new subsurface collections: U.S. Geological
Survey Scientific Investigations Map 3006, 26 p., 11 figs., accessed at <http://pubs.usgs.gov/sim/3006/SIM3006.pdf>.

Riley, R.A., 2010, A Utica-Point Pleasant type log for eastern Ohio: Ohio Department of Natural Resources, Division of Geological Survey, one
sheet (PDF), accessed at <http://www.dnr.state.oh.us/Portals/10/Energy/Utica/TuscarawasWellRockAnalyses.pdf>.

Ryder, R.T., 2008, Assessment of Appalachian Basin oil and gas resources—Utica-Lower Paleozoic Total Petroleum System: U.S. Geological
Survey Open-File Report 2008—-1287, accessed at <http://pubs.usgs.gov/of/2010/1287/>.

Schmoker, J. W., and Oscarson, S.A., 1995, Descriptions of continuous-type (unconventional) plays of the U.S Geological Survey 1995 national
assessment of the United States oil and gas resources: U.S. Geological Survey Open-File Report 95-75B, 43 p.

Wallace L.G. and Roen, J.B., 1989, Petroleum source rock potential of the Upper Ordovician black shale sequence, northern Appalachian basin:
U.S. Geological Survey Open-File Report 89-488, 66 p.

Wickstrom, L.H., Gray, J.D., and Stieglitz, R.D., 1992, Stratigraphy, structure, and production history of the Trenton Limestone (Ordovician) and
?gjéalcggt stri';\tal in northwestern Ohio: Ohio Department of Natural Resources, Division of Geological Survey, Report of Investigations No.

y p-y p g

Wickstrom, L.H., Venteris, E.R., and Harper, J.A., and 26 others, 2005, Characterization of geologic sequestration opportunities in the MRCSP
region—Phase | task report: Ohio Department of Natural Resources, Division of Geological Survey Open File Report 2005-1, 152 p.,
accessed at <http://www.dnr.state.oh.us/portals/10/pdf/OpenFileReports/OFR_2005-1.pdf>.



P @) Birthptec, a/fag:d:fp 3&;[1

000000

OhioGeology.com seonw:



