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Schematic geology of natural gas resource
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Conventional :
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Fracking = Hydraulic Fracturing

« The injection of water, sand and
lubricant mixture at high
pressure to “fracture” rock
formations allowing the release
of oil and natural gas.
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Fracking = Hydraulic Fracturing

 Fracturing fluid injected at a rate of 4,200 gallons
per minute; 5 million or more gallons, creating
small fractures in the rock.

* The released gas/oil flows into the casing and up
to the surface.

« Some of the frack fluid flows with the gas to the
surface, where it is pumped away for disposal or
recycled. The rest remains underground.
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Roughly 200 tanker
trucks deliver water

the fracturing process. chemicals into the well.

A pumper truck injects a

Natural gas flows out of well.

for mix of sand, water and

i

Recovered water is stored in open

T 17 pits, then taken to a treatment

Storage  Natural gas is piped
tanks to market.

Hydraulic Fracturing

Hydraulic fracturing, or
“fracing,” involves the injection
of more than a million gallons
of water, sand and chemicals
at high pressure down and
across into horizontally drilled
wells as far as 10,000 feet
below the surface. The
pressurized mixture causes
the rock layer, in this case the
Marcellus Shale, to crack.
These fissures are held open

by the sand particles so that
natural gas from the shale can
flow up the well.

Graphic by Al Granberg
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North American shale plays
(as of May 2011)

[ current shale plays
Stacked plays
= Shallowest / youngest
—— Intermediate depth / age
Deepest / oldest
* Mixed shale & chalk play
** Mixed shale & limestone play
“** Mixed shale & tight dolostone-
siltstone-sandstone play

[T Prospective shale plays
Basins

Source: U.S. Energy Information Administration based on data from various published studies. Canada and Mexico plays from ARI.

Updated: May 9, 2011
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Hot Locations in Ohio




Compensation to Lessor

= | ease bonus payments $3,000 -
$7,000 per acre.

= Royalty interest payments are
20% of the value of oil and gas
actually produced.
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The Old Way

| Development of a
500 FT.[BUFFER | | one square mile
: ¢ : T lease block (640
| acres) requires 16
: : : . vertical wells

640 ACRE LEIASE BLOCK
8 T

uscarawas Co.,
Hllq_‘,'{s-|'.'\;|; g

Section 9

10

Each well involves

|
|| . i . : a 2 acre drill site
| plus roads and
1. . : ) pipelines.
_____t. . WELL SPOT =
. | I

0
Dhila Goological Survey graphic |
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The Old Way
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The New Way

=o0PHEHERERK, | Operators would
| like to have lease
S | blocks of about 2
| square miles
contiguous to
1,280 ACRE LEASE BLOCK = = -
| S—— allow drilling in
e 71 — - two directions
WELLS ON A
6 ACRE PAD from one central
drill pad.
ONe Geologea Survey orphie & 351 = - ﬁl}

BROYY

FFICE
uc



New Way
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New Resource Estimates

« USGS estimates for Utica shale formation:
« 38 trillion ft.3 of undiscovered natural gas;
940 million barrels of oil;
* 9 million barrels of natural gas liquids ("NGLs")
like ethane and propane.

 Current market value = $138 billion for the natural
gas and NGLs; $86 billion for the oil

« Ohio Oil and Gas Association believes the Utica

value may exceed $500 billion.
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U.S. dry gas production
trillion cubic feetper year

Histo Projections
10 ry 2010 )

25

20 49%

Shale gas

15

Tightgas
I 22%
10

-~ Coalbed methane 7%
S Associatedwithoil ==l | 6%

6%
21% Non-associated onshore 9%

0 I T T I I T T T I
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Source: EIA, Annual Energy Outlook 2012
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Traditional Energy Uses

- Natural gas is versatile

« 34% Industrial

e 34% Residential/Commercial
e 29% Electrical Generation

« 3% Transportation

« 71% of petroleum is used for transportation

« 91% of coal is used to generate electricity

« 100% of nuclear is used to generate electricity

« 51% of renewables are used to generate electricity
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Environmental Impact

« Natural gas is more environmentally friendly
than coal.

« Less air pollution than coal

* Produces more kilowatts of power than the
equivalent amount of coal

« Climate change bonus...Coal-fired electric power
generation produces twice the amount of carbon

dioxide emissions
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Current Economic Picture

« Increased domestic production of shale plays is
one factor leading to the fall in natural gas and
oil prices.

« Low market prices make it difficult to recover the
cost to drill a deep, horizontal well ($5 - $6
million dollars per well).

« Current price of oil ($50 per barrel) is expected
to significantly slow shale field production.
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s
Market Price of Oil

Oil falls off a cliff

Below $50 for first time since '09
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I
$50 Oil - Why?

US oil production up 90% since 2008.

OPEC production has remained level.

Europe and China demand is lower.

January 2015 price of $48 per barrel was lowest
since April 2009.

June 2014 peak price was $107 per barrel.
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Costs of Producing Oil

100 - Arctic
$75 |
90 - NAm Shale

Onshore ¢

RoW Deepwater

Onshore
80 + ;
Russia

70 -
60 -
5{} -
Onshore

40 - Middle East

$52 T |

30 41 Oilsands
70
20 - i .
Heavy Oil
10 $47 $56
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Source: Rystad Energy, Morgan Stanley Commodity Research estimates
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Disaster Looming?

/) £ WINNER' / WINNER
HURT DRIV ANERTAL N L i
fm.-w { ssso )

Erig Kahn, [ndigwirg

ialmll 3 oo W 4 et

UNDANCE

Ferig VAL o { -
+SENSATIONAL., “YOLCANIC...
A piece of beautiful " With humor and
cinema.. Rnug -hewn inquisiti
and poetic.” -
-Robart Keehler, Variaty

K I £ C

“MESMERIZING.. % AR R "- s

Warmhearged...
Dariﬂ; humorous.”
-Harfk Stueveg Washinglon Post




Does Fracking Cause
Groundwater Pollution?
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@ Gas Drilling Awareness Cnali!inn. . s %

Granville Township, Pennsylvania
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Approximate base of potable groundwater h G ro u n d Wa te r
T | = <500 ft. bgs
e " Marcellus Shale
ngy Shale
- >3,000 ft. bgs
Marcellus Shale g,
Orikany Sandsions Sl

E Bass Islands/Salina Group 5,000
3 5,280 = 1 mile
o

Lockport Dolomite
*Clinton™ sandstone [55500 50

... Utica Shale
>6,000 ft. bgs

Queenston Shale/

Cincinnati group
7,000

Utica Shale =

Trenton Limestone/
Black River Group S

Beekmantown dolomite

Rose Run sandstone Lot s oo

4,000

Copper Ridge dolomite/
Conasauga Group

basal sandstone [0 rs
Precambrian
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Portable frac water flowback recycling plant
Steel pipe pp— {at Gastes Rarchi)

The wells can
be a mile deep
and a mile long.

Rock layers

| , , A and well

cond == ’if-‘"‘ N casings protect
= v e groundwater

aquifers.

FFICE
uc



Groundwater Protections

Modern horizontal drilling technologies isolate the
well shaft from surrounding strata to protect
groundwater supplies.

« Casing set in place below groundwater aquifer
zone

« Depth of average well is 6,000 feet.

« Most drinking water aquifers are much more
shallow.
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Groundwater Protections

Ge 1 Casi Desi I
for znhfell‘;rceli;zgnghaf:l&]el! MU|t|p|e |ayerS Of

steel casing and
cement are
installed, with
the casing
diameter getting
smaller as the
well gets deeper.
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Legitimate Concerns

« Potential contamination of groundwater from the
use of fracking fluids and methane infiltration.

« Extremely large volumes of water used to
complete a deep well (5 million or more gallons)

« Disposal of “"produced water” and “flow back
water”
« POTWs (can’t process it)
« Recycling (expensive)
« Underground Injection (earthquakes?)
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Legitimate Concerns
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Legitimate Concerns

Naturally occurring radioactive materials
("NORM") produced.

Truck traffic/road damage.

24/7 operations (nuisance).

Air emissions.

Trade secret protection on fracking chemicals
exempts them from disclosure requirements.
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Legitimate Concerns

Gelling
Agent Scale -
H
kel 0.056%  inhibitor P ::Lf:‘"“
0.06% ,
e 0.011%

Surfactant Ereak{sr
0.085% 0.01%
/ Crosslinker
0.007%

Iron Contraol
0.00:%

Corrosion
Inhibitor
0.002%

Friction Blackie
001%
Heducer Acid Lo

Fracking additives: .05% to 2 %

Exempted from Hazardous Chemical
Reporting Requirements
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State by State Regulation

 Very little Federal regulation.
 States taking different approaches to regulation.

* New York recently passed a permanent ban on
fracking.

 California regulations essentially ban fracking.

« Ohio, Pennsylvania, and West Virginia taking
balanced approach.

 Local ordinances
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Impact for Consumers




Impact on Alternative Energy
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