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Topography of PA
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Geologic Cross Section
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World Class

490

Unconventional

The Marcellus Shale
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PENNSTATE : :
S Interstate Pipeline and Storage

Major Gas Pipelines and Gas Storage Areas in Pennsylvania
— Columbia — Tennessee 1 Extent of Marcellus Shale

—— Dominion —— Texas Eastern W Gas Storage Area
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Marcellus Wells Drilled

Year Drilled
@ 2011 (to8/1/111045)
@ 2010 (1395 wells)
@ 2009 (685 wells)
6 2008 (229 wells)
@ 2007 (60 wells)

Basad on| Dapartment
of Environmental Protection Rig and
Paeremit Activity reports.

www.destate,
minees/cligs MG10 bem



Bald Eagle Well: Centre, PA
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Middle Devonian Hamilton Group
“Clinothem”

=N j{
»f/ﬁ Marcellus and related Black Shales

/:Z\gv red (high gamma)

PSU ABBS Group, 2011




Isopach of lower Union Springs Fm
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Generalized Thickness Marcellus Shale

Marcellus Shale Thickness

- 0-50 feet
50 - 100 feet
100 - 150 feet
150 - 200 feet
200 - 250 feet
250 - 300 feet
300 - 350 feet
350 + feet

(= 4B g
e S T i B Marcellus Shale thickness is an MCOR

2 ~
| FOROUTREACH AnD RESEAR

vw.marcellus.ps Lf;m 7

interpretation based on multiple data sources.




The Middle to Late Devonian
Paleogeography in PA/Ohio

Slingerland et al. 2009
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Depth to Marcellus Shale & Wet/Dry Gas Zones
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RCELLUS CENTER

MCOR-

FOR OUTREACH AND RESEARCH

www.marcellus.psu.edu
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Depth of Marcellus Shale Base

[ 2000 - 3000 ft
[ 3000 - 4000 ft
I 4000 - 5000 ft
[ 5000 - 6000 ft
I 6000 - 7000 ft
[ 7000 - 8000 ft
I 8000 - 9000 ft

I > 9000 ft

Marcellus Shale Extent
(includes non-economic areas)

Marcellus location medified from USGS Marcellus
Shale Assessment Unit. Onondaga depth after
Wrightstone, 2009.




Maximum Gamma Ray Values for
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Marcellus Shale Burial History
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513C Methane (Yoo)
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The Marcellus “Fairway”




PENNSTATE . .
@ Marcellus Production in PA

Pennsylvania Marcellus Shale Production January 1 - June 30, 2011
Counties Sorted by Total Gas MCF

Ll Total Gas MCF ==0=# Producing Wells
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8 - 150
£ 60,000,000 -;95
. E=
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50
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Source: Pennsylvania Department of Environmental Protection Powell Shale Digest, August 22, 2011
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@ PA Production

Average monthly natural gas production “e
billion cubicfeet per day cla
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Source: U.S. Energy Information Administration based on Bentek Energy, LLC.
Note: Rest of Northeast includes KY, MD, NY, OH, TN, VA.



Scale for GR
Shading

GR Density }
(0-200 API) (2-3 g/cm3) Lithology

| —T arenite sand lenses.

//

- “Utica Shale”
in Central PA

Reedsvillég

Dark grey siltstone with vF

\V

Massive bedded dark grey
siltstone interlaminated with black
mudstone, slightly calcareous.

—

[t Micrite wacke

Slightly calcareous dark grey to black
siltstone, PPL, coarsens up. An teS S h

[~ Calcareous black mudstone.

Interlaminated lime mudstone,
skeletal grainstone, and silt

Micrite wacke

Coburn Fm

Lime mudstone and
dark grey silt partings

Dark grey to black micrite
to fossiliferous biomicrite

Fossiliferous to sparse
biomicrite

Sandy skeletal and
crinoidal grainstone

Taylor McClain, ABBSgroup Undergrad.




OGS CO2 No. 1 well

Tuscarawas Co. e [l

Source Rock Analyses

API - 3415725334 =l
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www.OhioGeology.com
Riley, 2010




Depth to Utica Shale Top

MARCELLUS CENTER

MCOR

1ok OUTREACH AND RESEARCH
www.marcellus.psu.edu

Utica Shale Depth
<2000 feet

2000 - 4000 feet
4000 - 6000 feet
6000 - 8000 feet
8000 - 10000 feet
10000 - 12000 feet
12000 - 14000 feet
14000+ feet

highly folded region

Utica Shale depth is an MCOR interpretation based
“ on multiple data sources.
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MARCELLUS CENTER

MCOR

ok OUTREACH anp RESEARCH
www.marcellus.psu.edu

ca Shale Thickness
| 50-100 feet

100 - 150 feet

150 - 200 feet

200 - 250 feet

250 - 300 feet

300 - 350 feet

350 - 400 feet

400 - 450 feet

450 - 500 feet

500+ feet

highly folded region

Utica Shale thickness is an MCOR interpretation
based on multiple data sources.
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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



Pennsylvania-Ohio Utica Shale
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McClain, 2011 ABBSgroup
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L § WEST Middle Ordovician chronostratigraphic cross-section EAST
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Outcrop Stratigraphy from Mohawk Valley — Utica consists of Flat

Creek (which 1s time-equivalent to Trenton Limestone) and Indian
Castle Shales (which postdates Trenton) — the beds with the highest
TOC immediately overlie or are laterally-equivalent to unconformities
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Gamma Ray Log Based Lithostratigraphy
for Utica Shale
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PENNSTATE

@ Ohio Oil and Gas Drilling Permits

Ohio's Utica Shale: Cumulative horizontal drilling permits issued through
September 2011
cumulative number of permits issued LI?

30

40

30

20

10 I
0,-,I,l,l,l, i N B

Jan-11  Feb-11 Mar-11  Apr-11  May-11 Jun-11  Jul-11  Aug-11 Sep-11

Source: U.S. Energy Information Administration, based on Ohio's Department of Natural Resources



Utica-Pt Pleasant Summary

The Ordovician age Utica Shale and Point Pleasant Formation is
believed to be the source rock for over 300 million barrels of oil and
3 trillion cubic feet of gas reserves from overlying Silurian age
Clinton sandstones and deeper Cambrian-Ordovician age Knox
carbonates and sandstones in Eastern Ohio.

In Western Pennsylvania and Eastern Ohio, the Utica Shale is over
150 feet thick and the underlying Point Pleasant Formation is 140
feet thick.

Mixed carbonate/shale sequence, containing total organic carbon
content ranging from 2.4% to 3.7%. Not rich compared to Marcellus
Shale, but effective due to the very thick section of potential source
rock.

The Point Pleasant exhibits high resistivities on geophysical logs,

indicating the section is hydrocarbon bearing. Log analysis indicates
that porosities in the Point Pleasant Formation range 8% to 12%.



Acreage Positions Principle Players

Anadarko Petroleum 300,000 acres in Ohio
Devon Energy 110,000 acres Ohio

Exxon-Mobil (purchased Phillips w/ 45,000 acres Ohio (now
have ca. 75,000 acres w/ first well expected 2012)

Chesapeake ca. 1.5 million acres OH/PA

Hess (purchased Marquette, 85,000 acres), then agreement
with ConSol on ca 200,000 acres

Rex Energy 11,000 acres OH
Devon Energy 300,000 acres Michigan



Utica Exploration to Date

Quebec: (Collingwood Fm): Questerre produced 12 MMcf/d

Also Gastem, Canbriam Energy, Forest Oil, Talisman Energy, and
Quantum. Estimates 5 to 25 tcf recoverable.

Michigan: Collingwood Fm.—Encana, one well 2.5 MMcf/d

OH: ConSol- one rig devoted to Utica in Ohio, 4-6 wells anticipated;
Belmont Co., 1.5 MMcf/d “unstimulated”

PA: Seneca, McKean Co, no results
Chesapeake (see next slide)

Rex plans Butler Co. well

EQT: Greene Co., 2008, 14,464 ft.!

Range Resources: Beaver County (2/11)
— 12,700 feet; 4.4 Mmcf/d

OH geol surv (Wickstrom) suggests about 17.5 Tcf gas and 5.5 Bboil



Chesapeake’s Utica Play

Chesapeake currently drilling in the Utica Shale with 5
operated rigs, anticipates increasing its rig count to 8 by the
end of 2011, and 16-20 rigs by year-end 2012. Drilling effort of
at least 40 rigs by year-end 2014. Just announced an

agreement with Enervest and an unnamed foreign company
for >650,000 acres in Utical

Harrison County, eastern Ohio, avg. 9.5 MMcf natural gas and
1,425 barrels liquids.

Two wells in Carroll County, eastern Ohio. #1: 3.1 MMcf
natural gas and 1,015 barrels of natural-gas and oil liquids. #2:
3.8 MMcf and 980 barrels liquid.

Utica well in Beaver County, Pa. yielding 6.4 MMcf/d,
(liquids?)



Quebec Utica

e St. Lawrence lowlands, 5000 sq km (1800 sq
mi), 1.1 million acre fairway
— Drill depth <2500 ft
— Thickness 75-300 ft
— 93 BCF/section
— @15% recovery= 14 BCF/section
— Total estimated 25 TCF



CANADIAN ’)QUANTUM

“CQM” on the TSX Venture

St. Edoward
-Fracod Jan. 2010

/ —_—
( Leclercvile

Fortierville
- fracng in June 2010

»”
o

Gentilly

-Fracisg In June 2000

.

Ste-Gartude
S / ~Ta spud i Junc 2010

The Utica Play may extend throughout much of the northern Appalachian Basin and on the other
side of the Adirondack Mtns 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

Source: www.marketoracle.co.uk




Vitrinite reflectance (Ro%)
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Utica Model Thermal Maturity
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Carbonate Marl Facies Isopach

McClain, 2011 ABBSgroup



Where is the Gas in a Gas Shale?

Two Main Pore Types
Kerogen Intrapatricle (organic pores)
Matrix Intergranular (inorganic pores)

Inorganic Porosity
Between Grains, Fractures

1580
125
100
75
50
25
0

ENFREY

Organic Porosity
Within Diagenetically Altered Kerogen

N Microscope Accelerating Voltage Working Distance Detector Horizontal Field Vidth
b Chesapeake. 13kV 10mm | SEI 37pm _ —05m—




Fractures (Joints) Matter

“i9Best developed in black shales

Best developed in gray shales

s (i

Marcéllus: Ler'oy: NY




Horizontal
“laterals” 2000
to 7000 ft long

Pattern can
“drain” natural
gas from up to
640 Acres (1
sg. mile)

Marcellus Well Layout from Single Pad

MAX



Fracability

XRD Marcellus Lithology

Boyce 2009

Lithology

Figure §.- Example of X-Ray Diftraction (XRD) resuks for a single core sample from the
Marcellus in the study area (Figure 7). This sample has a high amount of quartz (67%) and fairly
low amount of clay (24%), which is charactenistic of the 36 Marccllus Shale core samples
cxamined throughout the study arca. Also it is impo identify the significant amount of
pynite. This sample has about $%; but the samples can range from S- 1085 pyrite,

BRITTLE MINERALS EQ,T Fracabllity

—eyy BT T L E

DUCTILE

g
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A key play element is the
brittleness of the target shale

Ability to hydrofracture is
direcﬁy related to brittleness

High quartz content and low
clay content yields high
brittleness quotient

CLAY MINERALS

High quartz content in
Marcellus may be related to
deposition of wind-blown silt




24" conductor casing (brown) is installed
up to 50 feet deep and cemented (grey) to

the surface.

20" casing is installed through the 24"
casing and continuing up to 500 feet
p. This casing is cemented to surface

° ° d
solate and protect near-surface
rilling ang===

13 3/g" casing is installed through the 20"

[}
‘ a S I n casing and continuing up to 1000 feet
deep. This casing is also cemented to the

surface to protect the groundwater
aquifer from the gas well.

Marcellus
Wells

51/3" casing continues down and is
turned laterally into the Marcellus
formation at a depth of 5000 to 9000+
feet below the surface.

Fresh groundwater
zone up to 1000
feet deep

~.—_
~ Vertical portion of well

Kick off point for the
bend from vertical to
horizontal drilling.

Horizontal, “lateral” portion of well
extends from 3,000 to over 10,000
feet within Marcellus formation.

Marcellus Center for Outreach and Research, Penn State - www.marcellus.psu.edu



N PENNSYLVANIA COUNTIES REPORTED MARCELLUS PRODUCTION
w+ - TOTALS FROM 7-1-2009 TO 12-31-2010 O POWELL
s Total Gas Reported: 466,295,625 MCF SHALE DIGEST
Total Oil Reported: 1,232,051 Barrels
ERE
CKERN p— TOGA ERADFORD SUSGUEHANNA
WARREN . . Wells: 111
ss:::‘z:ua Wells: 21 s.:::,; ::'l“ . G‘"“; ;9721,12 . Gas: 1::;9:0,557
CRAWFORD oil: 0 ":.3":'77“':" Oil: 224,023 Oil: 199 wane
i FOREST WYOMING
Wells: 1 = CANERON Wells: 4
Gas: 300,461 . S—— Gas: 3,397,879,
N oil: 0 it: 0 Welle: 37 PIKE
CLAmoN Plhspsped g0, Gas: 16,145,087
Wells: 6 oil: 32 0il: 90
Gas: 2“373 JEFFERSON CLEARFELD LUZERNE
BUTLER oil: 0
Wells: 4 T CENTRE COLUMBIA MONROE
© G“:,:,’.',“ ? Gas: 4,002,505 UNION
ARMSTRONG ells: 12
Ga:;,.;:,‘m: oo cn:x,u;,zu CARSON
Oil: 189,092 Wells: 41 NDIANA oil: 0
Gas: 1,906,048 SNYDER NORTHARPTON
BEAVER Oil: 0 SCHUYLIGLL
N LEHIGH
N ca::;:;;,:os HUNTBODON o JUNIATA
oik: 0
Wells: 3 CAMBRIA BLAR
Gas: 1,836,258 BERKE
oil: 0 Wells: 76 s::::xrls PERRY ma, T BucKs
Gas: 9,373,235 S
Wells: 225 oil: 0
Gas: 73,055,294 WESTMORELAND MONTS
Oil: 813,658 CUMEERLAND
WASHINGTON
LANCASTER
Wells: 90 Wells: 4 BEDFORD N CHESTER
iimitien ) VN . - ™ o=
oil: 0
GRESNE FAYEITE By: Evantech, Inc. Fort Worth, Texas
Date: 03/18/2011 PH: 817-346-0095




Well Performance Continues to Improve

Marcellus Zero Time Plot of Gas Only by Well Type — As of June 30, 2010 J

4,000

Type Curve Gas Liquids
3,500 (BCFE) (BCF) (MBBLS) ||
2009/2010 Long Laterals 5.0 3.6 239
3,000 4.5 3.2 214 |
2500 3.5 25 167 |

2009 Short Laterals

Gross Well Head Gas MCFD

2,000
1,500
1,000
-y \'_‘
500
o T T T T T T T T
1 51 101 151 201 251 301 351 401 451 501 551
# of Days
===2008 (15 wells) ===2009 Short Laterals (30 wells)
===2009/2010 Long Laterals (45 wells) =—=Type Curve (5.0 BCFE)
Type Curve (4.5 BCFE) ===Type Curve (3.5 BCFE)

“. Range Resources Corporation | October 20101 18



Resources

Fact sheets, publications, presentations @
 www.msetc.org (Penn College)

 www.naturalgas.psu.edu (PSU Ag Extension)

 www.marcellus.psu.edu (MCOR)




