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Abstract

The Ordovician Point Pleasant Formation-Utica Shale interval is shaping up to be the next stop of the “shale gale” in the United
States, and Ohio appears to be the primary focus of this play. Leasing activity ramped up in Ohio in late 2010 and still continues at a
fevered pitch. The first horizontal exploration wells were drilled and completed in the Utica-Point Pleasant in early 2011.

Within Ohio, the Point Pleasant Formation lies directly above the Trenton Limestone and is, at least in part, equivalent with the thick
deposits of the Trenton carbonate platform of northwestern Ohio, famous for the Lima-Indiana oil-and-gas trend, which was the first
true giant field produced in North America starting in 1884. As the carbonate platform deposits of the Trenton thin, the interbedded
organic-rich carbonates and shales of the Point Pleasant thicken, so that over much of Ohio the Trenton is only about 40-60 feet thick,
while the Point Pleasant is 150-200 feet thick. The northwestern-Ohio Trenton carbonate platform represents a distal bulge of the
ensuing Taconic Orogeny. As the orogenic activity and subsidence increased, the organic-rich Utica Shale proper transgressed the area
from present day east-southeast to west-northwest, eventually overwhelming and drowning the carbonate environments. Thus, in the
deeper portions of the present-day basin, the Utica (and Antes) is, in part, laterally equivalent and overlies the Point Pleasant.

Analysis of source rock geochemistry and early drilling results indicate the Utica-Point Pleasant to contain sufficient hydrocarbons to
sustain a major drilling play. Oil-source rock pairings indicate the Utica-Point Pleasant has been the primary source for numerous
conventional reservoirs in the region. Also, analyses indicate much of the play area in Ohio will be natural gas liquids and oil prone. In
fact, a number of historical wells have encountered large shows, and some have produced substantial oil from this interval.
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Development and Activity of the Play
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Figure 1.—Exploratory drilling in the Utica-Point Pleasant interval of Ohio began
in 2010 with vertical wells. In June 2010 CNX tested 1.5 MMCFGPD in the Utica-Point
Pleasant in western Belmont County. Anschutz, Hess and Marquette also had permits
for exploratory wells in Ohio by August 2010. Legacy production and shows from this
interval are fairly well known in Ohio as shown by wells in green. The most significant
of these was the Leitnaker P&C #2 well drilled in Fairfield County in 1998. This well
intersected a fault in the Utica-Point Pleasant interval and produced approximately
50,000 barrels of oil naturally during two years.

The Ordovician Utica Shale-Point
Pleasant Formation interval is shap-
ing up to be the next stop of the “shale
gale” in the United States, and Ohio
appears to be the primary focus of
this play. Leasing activity ramped up
in Ohio in late 2010 and continues
at a fevered pitch. The first horizon-
tal exploration wells were drilled and
completed in the Utica-Point Pleas-
ant in early 2011.

Within Ohio, the Point Pleasant
Formation lies directly above the
Trenton Limestone and is, at least in
part, equivalent with the thick depos-
its of the Trenton carbonate platform
of northwestern Ohio, famous for
the Lima-Indiana oil-and-gas trend,
which was the first true giant field
produced in North America starting
in 1884. As the carbonate platform
deposits of the Trenton thin, the inter-
bedded organic-rich carbonates and
shales of the Point Pleasant thicken,
so that over much of Ohio the Tren-
ton is only about 40-60 feet thick,
while the Point Pleasant is 150-200
feet thick. The northwestern-Ohio

Trenton carbonate platform repre-
sents a distal bulge of the ensuing
Taconic Orogeny. As the orogenic
activity and subsidence increased,
the organic-rich Utica Shale proper
transgressed the area from present-
day east-southeast to west-northwest,
eventually overwhelmingand drown-
ing the carbonate environments. Thus
in the deeper portions of the present-
day basin, the Utica (and Antes) is, in
part, laterally equivalent and overlies
the Point Pleasant.

Analysis of results from source
rock geochemistry and early drilling
indicate the Utica-Point Pleasant to
containsufficienthydrocarbonstosus-
tain a major drilling play. Oil-source
rock pairings indicate the Utica-Point
Pleasant has been the primary source
for numerous conventional reservoirs
in the region. Also, analyses indicate
much of the play area in Ohio will be
natural gas liquids and oil prone. In
fact, a number of historical wells have
encountered large shows, and some
have produced substantial oil from
this interval.
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Figure 2.—By early 2011 exploration programs were beginning to take shape via

issued permits. Operators were developing drilling pads and drilling an initial vertical
test well; many were coring the Utica-Point Pleasant interval. The initial test well
would then be plugged back, drilled directionally, and completed as the first horizontal
well of the pad. In early 2010 Range Resources announced initial production of 4.4
MMCFGPD from their first horizontal Utica well in Beaver County, Pennsylvania. On
March 22, 2011, an 18-stage hydraulic fracture stimulation was completed on the Ohio

Buckeye Energy (Chesapeake) Buell #8H well (34067210570100), which was put into
production shortly after. This was the first production from a horizontal Utica-Point

Pleasant well in Ohio.
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Figure 4.—Thus far, Carroll County in central-eastern Ohio has had the most wells
drilled and permitted within the play. This map shows the permitted wells' top and
bottom hole locations. Note that wells in this portion of the state are oriented NW-SE
to intercept NE-SW-oriented natural fractures. Well maps can be generated using the

Figure 3.—With more frequent and densely spaced permitting, the Ohio Geological
Survey stopped showing vertical (test) wells on its activity maps. This map shows
the Utica-Point Pleasant horizontal well-permitting and drilling activity as of April
9, 2012. This map and accompanying spreadsheet are updated monthly on the Survey
website at www.OhioGeology.com. As of that date 192 horizontal permits had been
issued and 58 drilled. Twenty-one rigs capable of drilling these wells were active in
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Figure 5.—Interval thickness of the Trenton/Lexington (top of Black River to top of the
Trenton/Lexington Limestone).
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Basic Source Rock Geochemistry of the Utica-Point Pleasant in Ohio
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Figure 13.—Location map of wells sampled from holdings of the Ohio
Geological Survey for the Logana through Utica interval for source rock analyses
and mapping. Analyses performed by multiple labs over a wide range of time;
however, a large amount of sampling and analyses have taken place since 2009.
The Ohio Geological Survey requires analyses from its archival core and cuttings
to be turned in; these can be held confidential for up to 12 months.
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Figure 14.—Type log for eastern Ohio and total organic carbon (TOC) analyses
from sidewall cores in the Ohio Geological Survey CO, No. 1 well in Tuscarawas
County.
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Figure 15.—Diag il ing the of oil and gas from organic matter.
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Figure 16.—Graph of subsurface processes, depths, temperatures, and
vitrinite reflectance values associated with the conversion of organic matter to
hydrocarbons in petroleum source rocks. Modified from Tissot and Welte (1984).
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Figure 17.—Comparison of relative S, and S, values/curves at different levels of

hydrocarbon-generation maturity.
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Figure 18.—Map of total organic carbon (TOC) distribution from available
Ohio analyses. TOC is a measurement in weight percent of the quantity of organic
carbon preserved in a rock sample. Note: For this and subsequent maps, values
for core-derived samples and fresh cuttings are generally higher than from older
cuttings-derived samples. Values shown are not corrected for type or age.
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Figure 19.—Map of maxlmum S1 values per well (from the Logana- Utlca interval).
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Figure 20.—Map of maximum S, values per well. S; is a measurement (mg HC/g of
rock) of the amount of hydrocarbons generated through thermal cracking of kerogen
and heavy hydrocarbons. It represents the existing potential of a rock to generate
hydrocarbons and is a measure of remaining source rock potential.
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Figure 21.—Map of Average R, values from available Ohio samples. Vitrinite

already generated.

(R,) is a key di ic tool for thermal maturity and is
based on measuring the reflectivity (R) of vitrinite. Vitrinite i. isa maceral (plant
and animal ins) found in many k As vitrinite
undergoes complex alterations that i mcrease the reflectance. Because vitrinite is
only present in sediments with plants, and because there was no plant life yet
in the Ordovician, calculations and plots using Tra. and hydrogen index (HI), or
other means of calibrating a given rock’s R,, are used to generate proxy values, or
equivalent R, values.
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Figure 22.—Preliminary map of equivalent R, average per well overlain on the
Trenton structure contours. Significant wells are labeled with their associated IP
(initial p duction. The p of the natural gas liquids and oil
windows in Ohio are attracting much of the attention of this play.
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Figure 23.—Map of equivalent R, average overlain with Cambrian through Silurian
oil and gas fields of Ohio. Oil-source rock pairing indicates most of the hydrocarbons
from conventional Cambrian-Silurian fields in Ohio were sourced from the Utica-Point
Pleasant interval.
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Figure 24.—Diagram to scale in the vertical direction of generalized geology
and a horizontal well, based on depths and thicknesses for Portage County area
(northeastern Ohio). Also shown are known produced hydrocarbons from Cambrian
through Silurian conventional reservoirs in Ohio.
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DISCLAIMER

‘The maps presented here are based on presently available data. As such, they are preliminary. As additional wells
are drilled and analyses conducted, the maps will be updated. No lines on the maps should be considered absolute

or final.
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Summary of Core Analyses for the Barth No. 3 (APINO 340312838) in Coshocton County, Ohio

Weight percent | Raw Data NORMALIZED to sum to 100% Top “Depth,” A-R Bulk Dry Bulk Dry Grain | Dry Helium | Dry Press Decay
api # oot & Well “Density,” “Density,” “Density,” | “Porosity,” | “Permeability,”
Well name FT Barth gm/cc gm/cc gm/cc % of BV md
Sample ID 1| 2 [ 3 [ a4 [ 5 | & [ 7 [ 8
Sample depth (ft) 5,655.5 | 56614 | 5,675.0 | 5,678.4 | 56815 | 5684.5 | 57085 | 57475 54031226350000 2i630.40) | Fred]. Barthis i 263 2,74 it 241605
34031228380000 5,640.80 | FredT. Barth 3 2.55 2.53 2.67 5.2 1.09E-04
Non-clay f 34031228380000 5,660.00 | FredT. Barth 3 2.55 2.53 2.65 4.7 2.04E-04
Quartz 15.9 16.6 14.9 16.7 16.7 18.7 2.1 1.6 34031228380000 5,664.00 | FredT. Barth 3 2.54 2.52 2.64 4.5 5.70E-05
K-Feldspar 1.1 1.1 13 1.4 1.4 1.3 0.0 1.7 34031228380000 5,674.50 | FredT. Barth 3 2.50 2.48 2.65 6.5 2.19E-04
Plagioclase 4.0 5.0 3.8 4.1 5.0 4.8 0.0 3.8 34031228380000 5,678.50 | FredT. Barth 3 2.53 2.50 2.64 5.2 3.39E-04
Apatite 1.2 1.2 1.6 1.4 1.9 1.4 0.5 2.4 34031228380000 5,681.50 | FredT. Barth 3 2.54 2.52 2.66 5.3 1.26E-04
Pyrite 1.0 15 2.7 14 2.0 1.0 0.4 1.6 34031228380000 5,682.50 | FredT. Barth 3 2.49 2.46 2.64 6.8 6.63E-05
Calcite 411 36.2 45.7 411 46.7 38.3 92.8 45.9 34031228380000 5,684.50 | FredT. Barth 3 2.50 247 2.65 6.6 1.68E-04
Dolomite 5.2 3.1 3.5 4.1 5.8 7.9 1.1 3.8 34031228380000 5,701.60 | FredT. Barth 3 2.56 2.54 2.65 4.0 4.70E-05
Total | 69.4 64.7 735 702 79.6 734 96.8 70.7 34031228380000 5,704.60 | FredT. Barth 3 2.60 2.59 2.69 3.7 8.96E-05
34031228380000 5,715.50 | FredT. Barth 3 2.60 2.58 2.69 4.1 2.23E-05
Clay fi 34031228380000 5,716.90 | FredT. Barth 3 2.59 2.57 2.67 3.8 4.83E-05
Mixed-layer ILLITE/SMECTITE (includes R3) 4.0 7.0 5.2 6.3 3.7 5.9 0.0 73 34031228380000 5,734.00 | FredT Barth 3 2.59 2.57 2.68 4.0 1.60E-04
lllite + mica 24.7 26.7 20.5 22.6 16.3 20.1 3.2 21.2 34031228380000 5,737.00 | FredT. Barth 3 2.56 2.54 2.65 4.1 3.81E-05
Chlorite 1.9 1.6 0.8 0.9 0.4 0.6 0.0 0.8 34031228380000 5,738.50 | FredT. Barth 3 2.57 2.55 2.66 4.0 1.38E-04
Total 30.6 35.3 26.5 29.8 20.4 26.6 3.2 29.3 34031228380000 5,745.50 | FredT. Barth 3 2.57 2.56 2.65 3.5 6.98E-05
Grand total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
% Expandable layers in I/S 11.5 28.1 24.9 28.1 27.3 29.7 n/a 26.6
% I/S to lllite in <1.0um fraction 234 34.4 38.4 378 44.0 41.8 0.0 49.9
% Expandable I/S layers in sample 0.46 1.97 1.30 1.78 1.01 1.76 n/a 1.93
NoTOC at time of regression
A 4 WFT Labs HH-45711 A 4 WFT Labs HH-45711
Weatherford mggﬂ';{ SUMMARY OF ULTRASONIC VELOCITIES AND DYNAMIC ELASTIC PARAMETERS

SUMMARY OF TRIAXIAL COMPRESSIVETESTS
Saturated with 2% KCI

LABORATORIES
Saturated with 2% KCI
Dolan Integration Group

Dolan Integration Group
Redman Barth No. 3

Redman Barth No. 3

Confini P P c . Static Young's Static Poi o Confini Ultrasonic Wave Velocity Dynamic Elastic Parameter
onfining ore Pressure ompressive atic Poisson’s s onfining | o pensity [ G il 5 S o =
Sample No. Depth (ft) e ) (el Strength (psi) :\)I(I;;iﬁul:is) Ratio o Depth (ft) | Pressure e ompressional ear Mool:ir:ﬁuss Poisson's Mmlilulus Modeual:xs
P (psi) ft/sec ‘ msec/ft | ft/sec | msec/ft | (a06psi | RO | (eq0epsi) | (x10° psi)
S661VRM 266150 2,500 =00 19,495 187 023 5661VRM |  5,661.50 2,500 2.56 13,418 74.53 7636  130.96 5.06 0.26 3.52 2.01
S680VAM 5,680.50 2,500 500 19921 215 0.23 5680VRM | 5,680.50 2,500 2.55 13,789 72.52 8,172  122.37 5.64 0.23 3.47 2.29
5683VAM 5,683.50 2,500 500 25,790 3.1 0.25 5683VRM |  5,683.50 2,500 2.59 15,272 65.48 8,801 113.62 6.78 0.25 4.54 2.71
5790VRM 5,790.00 2,500 500 19,397 1.93 0.25 5790VRM | _5,790.00 2,500 261] 14293  69.96]  8,074| 123.85 5.79 027 412 229
L) O
= 'Xa :%c -
0 L4 SHALE ROCK PROPERTIES .
Weatherford SUMMARY OF ROUTINE CRUSHED CORE ANALYSES RESULTS
LABORATORIES As-received and vacuum dried at 212°F
Dolan Integration Group HH-45711
Redman Barth No.3 1-05-10
USA
e Sample | A-RBulk | A-R Grain | A-RWater A-R Oil A-R Gas A-R Gas Filled | A-R Press Decay | Dry Bulk | Dry Grain | Dry Helium | Dry Press Decay
IDp “Depth,” | “Density,” | “Density,” ion,” ion,” ion,” | “Porosity,” % | “Permeability,” | “Density,” | “Density,” | “Porosity,” | “Permeability,”
feet gm/cc | gms/cc % of PV % of PV % of PV. of BV md gm/cc gm/cc | % of BV md
1SRP_| 5,661.50 2.54 2.58 n7 523 36.0 1.8 3.68E-05 2.51 2.64 4.9 5.63E-04
2SRP_| 5,680.50 2.52 2.57 10.4 54.5 35.1 1.8 2.68E-05 2.50 2.63 5.2 4.30E-04
3SRP_| 5,683.50 2.57 2.61 6.0 67.0 27.0 15 2.25E-05 2.54 2.69 5.4 8.20E-04
4SRP | 5,740.00 2.59 2.61 14.5 66.6 19.0 0.8 9.00E-06 2.56 2.67 4.1 3.18E-04
Average values: 2.56 2.59 10.7 60.1 293 15 2.38E-05 2.53 2.66 4.9 5.33E-04

As-received bulk volumes and bulk densities were determined on intact bulk sample material. The bulk material was crushed and all other analysis reported herein were conducted on the crushed material.
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