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Topics

* New Albany Shale — Location and Potential Gas Resource
* Project Goals and Objectives
* Project Results

Geologic Assessment

Drilling and Completion

Well Stimulation — Hydraulic Fracturing
Production Methods

Gas Production and Gas Reserves

Summary
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New Albany Shale Research Project Objectives:

» Afield-based research project to identify critical
parameters controlling commercial production from NAS

» Develop techniques for improving exploration success,
production and ultimate recovery through:

1. Characterization of the New Albany Shale Resource.

2. Development of effective exploration, drilling, and
completion Technology.

3. Field Testing of results.

4. Dissemination of results across the lllinois basin and other
geologically similar basins.
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> Research Team
> GTI

» Amherst College

» Industry Partners
» Aurora Oil and Gas
» CNXGas

> Bureau of Economic Geology
> Diversified Operating

» Pinnacle Technologies
» Noble Energy

> ResTech
> Trendwell Energy
> Texas A&M
> NGAS
»> West Virginia University

» Deka Exploration

N
= A
.~ T

Research
Partnership to
Secure Energy|
for America

> Atlas America

> Breitburn Energy
» Inflection Energy
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Geologic Studies

Geochemical Analysis

Reservoir Engineering
Amherst & U Mass

Texas A&M

Formation Evaluation

Fracture Modeling and
Diagnostics

ResTech Pinnacle & Texas A&M
Field Data Acquisition,
Environmental Studies,

Coordination and
Integration
GTI

The Global Energy Challenge:
Reviewing the Strategies
for Natural Gas

5-9 October

U.S. Shale Gas Basins

Gamman
, Bakken Ex‘_ceHolMquy
Niobrara i

| Antrim
New Albany |
1

| Devonian/Ohio
& Marcellus

Green River

Monterey
McClura
*— Neal/Floyd &
Cane Creek Conasauga
Lewis & Mancas
Barnett & Woodford Fayetteville
Fenn Caney & Woodford
Bamett Woodford
Schlumberger Map
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86 to 160 Tcf

New Albany

Shale Gas in
Place

Large Geographic
Area

Multiple States

Complex Geology

Low Permeability

llljinoi

Illinois Basin

ntuck

New Albany Shale Outcrops &
Project Core Locations

) Indiana Cretaceous outcrop

Pennsylvanian outcrop
New Albany Shale extent

New Albany Shale outcrop/
subcrop

EOBEO

O New Albany Shale outcrop
location

© New Albany Shale core

Large GIP
with Limited
Production;
+
Technically Complex

R&D Target
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any Shale Characteristics

Tcf GIP (Ranges from 86 to 160).
Depth from Outcrop to 4500 ft.

Up to 460 ft thickness.

Both free and absorbed gas.

Both Thermo and Biogenic Gas
Low k = nanodarcy

Gas Content = 0 to 690 mcf/ac-ft.

Natural Fractures related to Structure.

© 90 N ol R ENC

Difficult to stimulate in some areas.
10. Well Costs = $1.0 to $1.8 million

10/14/2009
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Ibany Shale Natural Fractures

ew Albany Shale

— Large vertical fractures

— One primary set of vertical
fractures

— Fracture orientation is
East-West

— Occurrence of North-
South fracturing is limited

Reviewing the Stra

for Natural Gas

Characteristics of Natural Fractures

Orthogonal Vertical Fractures
Non-uniform Spacing

O

Vertical Well with Horizontal Well
Fracture Stimulation

Horizontal Drilling is the only effective means to connect fracture planes

10/14/2009
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Formation Evaluation — Well Logs — Webster County, Ky
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Water Bearing — Silurian umulative Gas = 38 mmcf/acri
If 1 horizontal per 80 acres recovers 20% or
and $5 gas = $3 million per well. 3.0 Bcf per 80 acre unit 11
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Wellbore Geometry for New Albany Shale Wells

Curved Pilot Hole / Open Hole Lateral
- Water flows downhill to heel of lateral

- Fluid below pump impedes gas desorption

Hydraulic
Fracture
Pump Installed in Casing
Casing set at Top of Open Hole Lateral
New Albany Shale
¥
Scmemr—— Clegg Creel
Camp Run
Morgan Tra
\J Selmier

Blocher

Water Bearing Silurian
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Microseismic Fracture Mapping
Measure frac height, length and azimuth
in real-time

MICROSEISMS INDUCED
MICROSEISMS INDUCED BY LEAKOFF

BY STRESS CHANGES
NEARTIP
PLANES OF WEAKNESS

LEAKOFF REGION
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Hydraulic Fracture Stimulation of Horizontal Wells -
Microseismic Monitoring

A simple bi-wing induced fracture Fracture network may consists of multiple parallel
may be an indication of lack of and orthogonal induced fractures precluding
natural fracturing. accurate modeling.




24" World Gas Conference The Global Energy Challenge:
ARGENTINA | 2009 Reviewing the Stra

5-9 October for Natural Gas

aulic Fracturing Fluids

* Large water-fracs in shallow, normally pressured shale may not be
viable
» Substantial experimentation with 70 — 85Q foam
* Large foam fracs may work in terms of preventing water blockage, but
generally have unacceptable .
+ 80 — 100 times the vis of water
* 4,000 — 5,000 times the vis of N,

* Low u promotes network complexity
* High x4 promotes fracture simplicity

« Straight N, utilized in shallower NAS almost exclusively.
» Some limited MistFracSM , Vapor Frac, and other +95Q systems
experimentation.

* Major paradigm shift may be necessary, as N, completions alone
may not meet minimum production expectations to stimulate
extraordinary Wall Street interest

for Natural Gas
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‘ New Albany Shale Includes Thermo and Biogenic Gas Systems

Present Day

SEA LEVEL

ELEVATION (FEET)

Microbial CH, (open system) Glacial Drift

-2000

-3000

-4000
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Surface Terrain

Reviewing the Strategies
for Natural Gas

Surface Produ
and Infrast
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Peak gas production volumes attained in first 30 days
Long-lived reserves (50 years)

Gas Rate & Water Rate

New Albany Shale Example (Horizontal)
2,500’ laterals -- 320 acre spacing
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Some Elements of a Successful Shale

Gas Play

Organic

R iheas Maturation

Thickness (Gas-In-Place

Pore
Pressure

Mineralogy Permeability

Brittleness
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» The New Albany Shale contains vast reserves of natural

The Global Energy Challenge:
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for Natural Gas

gas, but technological challenges have posed a

hindrance to economic development.

» Challenging Area with High Ultimate Potential
» Find Sweet Spots w/cost effective formula.
» determine optimum well geometry.
» optimum frac or no frac.

» predict cumulative production from early production data.

> control well costs.

» understand and mitigate environmental issues, water
management and footprint; disseminate all results.

History of Unconventional Gas
Precision Replaces Horsepower

APRROXIMATE
AQUNDARY OF

" aperoxit
 CAVITY BOUNDARY 7
'

3 &
TSI L TN

Wellbore

Ideal World
N

Wellbore

Real World

From Pinnacle Technology

Nuclear Stimulation

Massive Hydraulic
Fractures

Microhole Wellbore
Placement
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