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LNG ............. Costs, NIMBY, Asia, Transportation, Security
Alaska ..............Costs, NIMBY, Environmental

Access ............. .NIMBY, Environmental

Pipelines ......... .Costs, Permitting, Timing, Environmental
Permitting .......Bureaucracy, Personnel, Environmental
Steel .................Lack of manufacturing (Rigs & Pipe), Costs

Environment ..Water, Surface disturbance, Wildlife
Exploration .....Mergers, Lack of risk capital, Geoscientists
People .............Lack of laborers, Engineers, and Geoscientists
Energy Policy .109%"Congress? Access, Incentives,Special Ints.
Technology ...... Lack of R&D, Risk Capital, Creative minds
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Efficiency and Conservation ...... Public Support

Fuel Diversity ......Gasification, Nuclear, Clean Coal, Renewables
Infrastructure ...... Storage Incentives, Pipelines, Rigs

People .......Attract youth, Job Security, and Compensation

New Supply ....LNG, Alaska, Offshore & Onshore permits & access
Hydrates, Coalbed Methane, and Shales

Technology ......Production, Stimulations, Completions, Processes
Inventions, Fuel Cells
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Gpledelpl/Eplileplcll HEs2rValrs (Low Permeanility)

e Coalbeds

e Shales

e Tight Gas Sands

e Heavy Oil Sands

e Fractured Carbonates
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Producing
San Juan Basin CBM (1986) 2,000 MMcfd
Powder River Basin CBM (1991) 930 MMcfd
Barnett Shale (1981) 700 MMcfd
Jonah - TGS (1995) 650 MMcfd
Pinedale Anticline TGS (2001) 220 MMcfd
Madden TGS (1999) 200 MMcfd
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DRILLING FOR METHANE GAS IN COAL

Coalbed methane can be extracted from coal in several ways.

Beakdown or "gob," a
reservalir for methane
gas coming out of the:
coal beds.

Gob Drilling

Wells are drilled before mining, releasing some methane
and reducing the risk of explosion. After a seam Is mined,
pillars are pulled, causing a collapse called a gob. The gob
forms a reservoir for methane. Wells can also be drilled in
the gobs of old mines.

A conventional well like those used for natural gas is drilled,
then fluid is forced down the well to fracture the coal, which
releases methane gas.

Induced fractures
in coal enhance

Horizontal Drilling
A mator behind the drill bit can be diviated to drill horizontally into
a coal seam, which is fractured to produce methane.
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Fracture Stimulate Wells
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Horizontal CBM Well
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Understanaing iy

2,500

Volume (mcf/d)

RAtENVErsusH

1280 acre Unit Decline Curves

One Horizontal Pinnate Well

16 Vertical Wells

5

Time (years)
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The Environmental Solution to Unconventional Gas Development
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Coalbed Methane CompletionTechnology
(CDX Patent Technology History)

Average Depth of Historical Completions

Maximum Depth For Effective Drill
and Frac Stimulated Completions

Tight Coalbeds from Regional Stress
or Geostatic Pressure Gradient

f GIP for
ccessible
h CDX Technology

Current Maximum Depth For
CDX Gas Completion

* Gas in place (GIP) generally increases with depth
while permiablity decreases with depth.

Surface

Depth
Avg. CBM Well

1500 Feet

Maximum Depth for
CBM Industry Completion

2800 Feet

3000 Feet

CDX Range for
Commercial CBM Completions

5000 Feet
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2005 New Horizontal Basinal Tests
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Basins: Black Warrior, Central
Appalachian, Northern Appalachian
Coal Age: Pennsylvanian

Coal Rank: hvA/Bb-Ivb, minor

semianthracite; anthracite in Pa.
Anthr. Fields

Typical Gas Content: 250-350scf/t
Typical Well Spacing: 80 acres
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Blelelc Welrrlor Basie CREM
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DEGASIFICATION FIELDS ]
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. Deerlick Creek . Boone Creek (susp)  20. Little Buck Creek ~ & —
. Peterson . Wolf Creek 21. Thornton .
I =—— UTLEY
- ) GROUP
FAYETTE CO. 0 Berry I WALKER CO. -
WARRIOR T
_l
COAL BASIN L‘ > - -
1 U" i g ——
ig Indian Credg__ = )
Rescarch - GRI Rock Creek ! f Area: 35,000 mi?
s -1 Research Site . o
' Target Coals: Pottsville Fm.
: Coal Age: Pennsylvanian
PickENS | ‘ Coal Rank: hvA/Bb-Ivb
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Area: 7,500 mi2
Target Coals: Fruitland Fm.;
Menefee Fm. (untested)

Coal Age: Late Cretaceous
Coal Rank: hvCb-Ivb

Typical Gas Content: 430 scf/t
Producing Wells: ~3,000
Typical Well Spacing: 320
acres, 160 acres (infill)
Operators: ~80

Deeper Coals, Shales, and Tight Sands

MONTEZUMA CO.

1 ard

i NAVAJO

COLORADO

Salirdan

=)

Gas in place (Bcf/mi?)

Fruitland Fairway

MO\

LA PLATA CO.
Durango,
[]

e

.,
.
.

ARCHULETA CO.
Pagosa

Springs

Field

gnacio A

o

Northeast
Blanco Unit

@Fruitland Gas Pool

N

—_——

-----------------

i San Juan
(,,%\ 30-6 Unit

RIO ARRIBA CO.

"~ Allison Unit

L/

h.
Y Dulce

|
San Juan
30-5 Unit -
- —_—
<
JIGQARILLA
2
PACHE = —
2
'8
I

SAN JUAN CO.

SANDOVAL CO.

McKINLEY CO.

20 miles




g Area: 6,700 mi?
YaMPA Target Coals: Williams Fork and lles Fms.
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MONTANA®

Area: 25,800 mi2
Target Coals: Fort
Union Fm.

Coal Age: Paleocene
Coal Rank:
subbituminous
Typical Gas Content:
30 scfit

Permits: >25,000
Producing Wells:
~12,000

Typical Well Spacing:
80 acres

Operators: ~120
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Area: 25,800 mi?

Target Coals: Adaville, Rock Springs, Lance, Almond,
Williams Fork Fms.; Fort Union Fm.

Coal Age: Late Cretaceous; Paleocene (Fort Union)

§ Coal Rank: hvCb-Ivb (Cretacegus): subb (Paleocene)
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Target Coals: Puget Group
Coal Age: Eocene

Coal Rank: subC/A-mvb, minor
anthracite

Coals), Shales, and Iight Sands
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Wolverine

Antrlm Shale
e sl

Coal Today Shale lemorrow

America’s Prancipal Euture
Domestic Source of Natural
Gas Supply’?

PGC > 5 TCF recoverable
Fort Worth Basin Barnett Shale g 160 TCE Gas-In-Place

27 TCF + 98 mmbngl (NPC)
undiscovered resource (USGS)
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