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Ohio Is not alone.
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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.




Why Ohio May Be The Focus of
the Utica Play

Thus far, Ohio is friendly to drilling
— HB133 — drilling on State Lands

— Conducive and strong regulatory environment
e But it only takes one bad actor or accident to spoil it

Ohio has UIC primacy and an adequate number
of brine injection wells — with more on the way

NJ, NY and Quebec moratoriums
Drilling depths in Ohio ~3,500 to 10,000’
Interlayered carbonate and shale in Ohio

Maturation indices and kerogen types indicate

liquids and oll in Ohio vs dry gas in most of PA
and NY




Drilling and producing from organic-rich shales
represents a large paradigm shift for the oil and gas industry.
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From Kostelnick (2010),
modified from Schmoker and Oscarson (1995).

Prior to the late 1990s these shales were thought of principally as the source of oill
and gas that would then migrate slowly over time into “conventional”’ reservoirs.
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ORGANIC-THICKNESS MAP
OF THE MARCELLUS SHALE
IN OHIO
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Marcellus Shale Well Activity
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Generalized Geology and Profile
PRk i of a Utica Shale Well Prototype
in East Central Ohio
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Coshocton County
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Thickness Map of
the Point Pleasant -
Utica Interval
in Ohio
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Thickness Map of
the Point Pleasant -
Utica Interval
in Ohio
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Patchen and others, 2006

¢ Y i .
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.







“Wet” Gas

o Data and early drilling indicate much of the Utica-Point
Pleasant production will be “wet” gas — that Is natural
gas (methane = CH4) with a large percentage of natural
gas liquids associated with it.

Natural gas liquids (NGL) can be differentiated by the

number of hydrogen atoms they contain--for example,
ethane (C2H6), propane (C3H8), butane (C4H10) and
natural gasoline (C5 and higher)

Most gas production in Ohio previously has been dry
gas, which required little or no processing prior to being
accepted into the gas pipeline system.




TABLE 1.—Select physical properties of hydrocarbons including natural gas liquids.
Modified from Lyons and Plisga, 2005.

Compound Formula Molecular Mass Boiling Point, ° C. Density Air=1 | Compressibility
Methane CHg 16.04 -161.5 0.554 0.9981
Ethane C:Hs 30.07 -88.6 1.038 0.9915
Ethylene CzHs 28.05 -103.8 0.9686 0.9938
Propane CsHg 44.1 -42.1 1.5225 0.9810
Butane CaH1o 58.12 -0.5 2.0068 0.9641
Pentane CsHi2 72.15 36.1 2.4911 0.942
Hexane CeH1a 86.18 68.7 2.9753 0.91
Heptane CiHye 100.21 98.4 3.4596 0.852




NGL'’s add value

e Historically, the price of a barrel of NGLs has
tracked the price of crude oil more closely (albeit
NGLs as a whole track at about 60% the price of
crude oll) than the price of natural gas. When
gas prices are low relative to oil--a condition that
prevalls today—the sale of NGLs produced from
gas can offer a meaningful boost to profitability.
When natural gas prices are high relative to the
price of NGLs it is less profitable to process
natural gas because of the higher value and the
Increased cost of separating the NGLSs.




Processing and Fractionation

« Natural gas processing involves the removal of
iImpurities and NGLs from raw gas, while
fractionation involves the separation of the NGL
stream into distinct hydrocarbons.

Very little processing capability and no
fractionation plants exist in Ohio. This segment
of the industry could have a large economic
Impact in the state.
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! |

I | l Trumbull
[ Utica Shale Well Activity | a7 L]
(since 2010) Portage "B \
_.U|||,'I.|tul ‘
. CHESAPEAKE APPALACHIA LLC : | .
& CHESAPEAKE EXPLORATION LLC l_*H"‘ | 2w Mahoning .
$ CNX GAS COMPANY LLC B Horizontal Permits: 43
+ EMNERVEST OPERATING L —1 :
®.- 6 BHEREY L e — Horizontal Wells Drilled: 9
n MARQUETTE EXPLORATION LLC
¥ 0HIO BUCKEYE ENERGY LLC b e vk ZFE-? Stratlgrapnlc Test MVEHS 2?
S - columbiana 2| ll  Stratigraphic Test Wells Drilled: 7
Permitted Horizontal | Z2082 Zmosd |
Permitted Vertical ,— "'-d=‘ i 21093 * permits issued since December 2009
® Permitted Horizontal & Vertical L'.'!l-'lgﬂ: 30Ta
|| ® Permitted Horizontal with Drilled Vertical 0 N = b
®  Drilled or drilling Horizontal el 08 AT
4l * Drilled or drilling Hortzonal & Vertical 248D oes N *uﬂm L 20505 q_
| ?;‘5%2: |_"'+
| | Tuscarawas zosi” | @ \
L ) _":'-"’“' | [ Jeffarson
T e ——— __l :
=— e 210e7 | _ X803 {
| Coshocton ‘ ‘ . Harrison H;Jm ;r
— " - ] (e B 0
Belmont [
.-'( N

"0 5 10
S Permit information from the Division

e of Mineral Resources Management




_ 0= e Bt SRS
The size of the shale operations is much bigger than we are used to in Ohio
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Marcellus Shale Activity
Pennsylvania

2011: 515 Through April

2010: 1,454 Marcellus Wells Drilled

2009: 763 Marcellus Wells drilled

2008: 195 Marcellus Wells Drilled

2004: Range Resources Drilled the First
Horizontal Marcellus Shale Wells




Method for Calculating Utica Oil Resource Assessment

(Wallace and Roen, 1989)

Q; =V xDxTOC x C x %R
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)

1 metric ton = 7.1475 barrels




Resource Assessment for the Utica/Point
Pleasant in the Entire Appalachian Basin
(Wallace and Roen, 1989)

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

%R = 3 percent

Qt = 13.26 billion barrels of oil migrated to conventional
reservoirs




Utica/Point Pleasant Recoverable
Reserve Potential Estimate for Ohio

D =270 x 103 kg/ m3

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=2.70x 103 kg/ m3

TOC = 2.50 percent

C = 10 percent

%R =5 percent - recoverable from the interval
Qt = 8.2 hillion 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 1/, 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 oill

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




“If we are to believe CEO Aubrey McClendon
-- and we do -- the value of CHK's Utica
Shale holdings might equal the current
market cap of the entire company.

McClendon thinks the Utica Shale could
mean 25 billion BOE overall.

Chesapeake Energy thinks the Utica Shale
will be economically superior to the Eagle
Ford play. “

From SeekingAlpha.com September 8, 2011

http://seekingalpha.com/article/292408-utica-shale-oil-play-update




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.




Michigan

Kentucky

-

.,— .j’-

Vermont
i

.
i - L] A
New Hampshire

New,York .

"-

e
.‘daﬁsaﬂhliﬁﬁlts
. ! & *.;III
= e 1.
Connectlicut fh";—' y
W .ss—Rhode.lsland
g A t

A

B
A
é e

r;!

Pennsylvania

New Jersey
. i

PN
| L .

‘ Vo o AR
< Maryland 3,8 | L5
West Virginia ¥y Fibelaware

A
S | Google Earth
. 4 [
\-\:_ - l?:- =




OONR Home | Jum t Lmtm O0NR - ; -' Dapcrmm'l'rbf
9, o. Q'DV | Natural Helw—- -

ubject- | OhioSeis | Publications

Earth Science
Week 2011

You can join the Ohio
Geologica! Survey in
colebrating and oxploring
s Eharmae To This year
Ouwr Ever-Changing
Earth

Recent News and Events

vey in Celebrating Earth S

HEW
T Th ol




Water Usage

Stimulation of a horizontal shale wells requires
0.5 to 5 million gals

Much of the water will be purchased from
municipal supplies

20-30 percent of water used in stimulation
process returns promptly to surface as “flow-
back” water

All fresh/flow-back water stored in lined
Impoundments or tanks at location

All flowback and produced water will be re-used
or disposed of via injection wells in Ohio




Water Usage

* Peak drilling activity not likely for nearly 10
years

 Peak water use may be on the order of 50
million gallons/day

o At peak, water use will remain less than
ONE PERCENT of state’s daily water
consumption

e MUCH less than the water used to Irrigate
Ohio golf courses




Water Usage at Golf Courses

There are now approximately 16,000 courses in the United States — about half the
total in all the world — and if you laid them out together, they would be as large as

Delaware. And that Delaware of golf courses uses water, lots of it. They call them
"greens" for a reason, don't they?

Audubon International estimates that the average American course uses 312,000
gallons per day. In a place like Palm Springs, where 57 golf courses challenge the
desert, each course eats up a million gallons a day. That is, each course each day in

Palm Springs consumes as much water as an American family of four uses in four
years.

Frank DeFord, NPR, 5-23-11

312,000 gals/day x 365 = 114 million gallons/yr/golf course




AREAS OF
UTICA and MARCELLUS
POTENTIAL IN OHIO
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