MARCELLUS SHALE
GEOLOGIC CONTROLS ON PRODUCTION
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STRATIGRAPHY — LOWER & MIDDLE DEVONIAN
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Wrightstone
Correlations &
Terminology

Lash
Correlations &
Terminology

Stafford Limestone

Stafford Limestone

Undifferentiated
Gray Shale

Upper
Marcellus
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MARCELLUS SHALE SUBSURFACE
STRATIGRAPHY AND THICKNESS
TRENDS: EASTERN NEW YORK TO
NORTHEASTERN WEST VIRGINIA

Gary 6. Lash Terry Engelder
Dept. of Geosciences Dept. of Geosciences
SUNY -Fredonia The Pennsylvania State University
Fredonia, NY 14063 University Park, PA 16802

Presented at 2008 AAPG Eastern Section Meeting - Pittsburgh

For pdf of Lash’s presentation go to:

papgrocks.org/publications
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Marcellus Net
Thickness of
“Hot Shale”

60 APl > Shale Base Line




2"d Tectophase of Frank Ettensohn

Foreland Basin
Or

Proximal Trough

Sea level

Pycnocline: depth of maximum circulation Black shale /
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Migrating Forebulge

Migrating Thrust Load

Wrightstone 2008

Texasw
After Ettensohn 2004 Keystone




GEOLOGIC FACTORS CONTROLLING SHALE
PROJECT SUCCESS*

THICKNESS

PRESSURE GRADIENT

MATURITY

GAS CONTENT/ROCK PROPERTIES

NATURAL FRACTURING

AREAL EXTENT

DEPTH

STRUCTURAL COMPLEXITY

LATERAL CONTINUITY *After Creties Jenkins 2007

1.
2.
3.
4.
S.
6.
7.
8.
9.







BIG SANDY LOW PRESSURE SINK - RESERVES

Chesapeake Reserves - Boone, Lincoln & Logan Cos., WV
Before the WV OGCC 6/7/2007

EXAMINATION

BY CHAIRMAN LAY:

Q I only have one question. Do you
have any quantitative number you can share with us
with regards to the amounﬁ of resé;ves that are
going to be ieft in the ground if ﬁe reduce the
spacing requirements to three thousand to fifteen
hundred feet or a thousand feet, fqr that matter, at
your request?

A Pertaining to the Marcellus, right

now, we don’t know what the drainage area is per

well. I mean, we’'re drilling on fifteen hundred
feet. Our typical, recoverable reserves from the
Marcellus alone, we estimate at about seventy-five

millioen.

Low Pressure Gradient = Low
Reserves

/5 MMCF EUR
40 Acre Spacing

Marcellus Only

Most wells are commingled with
shallower zones for higher total EUR

Wrightstone 2008




Transitional Pressure Area Production

Review of Marcellus Non-commingled Wells

Ritchie & Pleasants Counties, WV

38 Water Frac Wells:
17,961 MCF 1st Year Production
48 MCFPD

29 Foam Frac Wells:
15,235 MCF 1st Year Production
42 MCFPD










MARCELLUS

Wrightstone 2008

RESOURCE SHALE PLAYS
PRESSURE GRADIENT COMPARISONS

Gradient

Big Sandy Low Pressure 1-.2

Transitional Pressure 2-.35

Core Areas

BARNETT

FAYETTEVILLE

WOODFORD

HAYNESVILLE

Pressure

900#

1,800#

4,000#

4,000#

1,000#

3,270#

12,500#

Depth

4,500

6,000’

7,550’

7,550’

2,400’

7,500’

13,500’
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Devonian Shale Maturity Ro% Data

Repetski et al., 2002, 2004, 2005
Engelder 2008




OIL WELLS - APPALACHIAN BASIN

I T T W, z 7

Devonian Shale Maturity Ro% Data

Sources: Engelder 2008

Repetski et al., 2002, 2004, 2005
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MARCELLUS PROPERTIES VS. OTHER SHALES

Marcellus

Barnett
(Core)

Barnett
(SW)

Fayetteville

Arkoma
Woodford

Avg. TOC

2 -10%

3.5-8%

3.5-5%

4 - 9.5%

3-10%

Avg. Total
Porosity

6%

4 - 6%

3-4.8%

2 -8%

6 - 8%

GIP,

BCF/Section

70 - 150

50 - 200

50 - 125

25 - 65

40 - 120

Silica
Content

40 - 60%

40 - 60%

20 - 60%

60 - 80%

Limited public data available. Two large consortiums of core data:

Wrightstone 2008

Core Lab

Omni/Weatherford

Source: Deutsche Bank 2008
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Existing A—Basin Developed Shale Fields
Production Controlled Primarily by Amount of
Open Natural Fracturing Encountered!
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Nearly all Marcellus
Penetrations have
been Air Drilled

Many Marcellus
Penetrations Report
Natural Flows of Gas
from the Marcellus or
Shows of Gas from

Temperature Logs

Indication of Natural
Fracturing



From Cabot O & G Press Release Feb. 13, 2008

CONCERNING INITIAL WELLS DRILLED IN NE PA

This shale is sparsely drilled, both
vertically and geographically, it is normal to
over-pressured in contrast to the shallower

pays in the basin, and It appears to

be extensively fractured. Also,
the rocks are at the optimum maturation
level, with the rock mechanical properties
appropriate for maximum stimulation
effectiveness

Wrightstone 2008
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STRUCTURAL X-SECTION
Showing Asymmetric Basin
After H. P. Woodward 1940

ks

RC

7 A F il
~ - [ T
[

)

farcellus | |

i |
N

Wrightstone 2008

.\\\ » r:.r.-"
Texasw sy

! INCORPORATED




\

BN

RN \“‘

7

/ -

e
~
.
~

8
v

L]

DRILLING DEPTH TO TOP
il %\b, ol




GEOLOGIC FACTORS CONTROLLING SHALE
PROJECT SUCCESS*

THICKNESS

PRESSURE GRADIENT

MATURITY

GAS CONTENT/ROCK PROPERTIES

NATURAL FRACTURING

DEPTH

AERIAL EXTENT

STRUCTURAL COMPLEXITY

LATERAL CONTINUITY *After Creties Jenkins 2007

1.
2.
3.
4.
S.
6.
7.
8.
9.







GEOLOGIC HAZARDS

. No Upper Frac Boundary

. No Lower Frac Boundary
a. Water below in Oriskany/Chert?
b. Gas Productive below?

. Fracture migration along Faults
a. Migrate Downward into Water
b. Migrate Upward Out of Zone

. Horizontal Hole Failures — Lost Holes due to Collapse

Wrightstone 2008




GEOLOGIC HAZARDS

FAULTS ARE BAD




Wrightstone 2008
STRATIGRAPHY — LOWER & MIDDLE DEVONIAN

Harrell Shale

Genesee/Burkett Shale

Tully Limestone

Moscow Shale
meessssssssm ||chenor Limestone

Ludlowville Shale
meeesssssss Centerfield Limestone

Mahantango
Formation

Skaneateles Shale
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Oatka Creek Shale

Purcell/Cherry Valley Ls.
Union Spring Shale

Marcellus

Onesquethaw Onondaga Ls, Huntersville Chert,
Stage Needmore Shale

Oriskany Sandstone
After Lash, 2007




Western Limit of Tully due to Erosion -
Middle Devonian Unconformity Surface

ghtstone 2008
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Additional Possible Frac Boundaries

Harrell Shale
Genesee/Burkett Shale

Eastern limit

Tully Limestone , not mapped

Moscow Shale
mesesessssss | ichenor Limestone

Ludlowville Shale
messseeessss ~ Centerfield Limestone

Mahantango
Formation

Skaneateles Shale

Stafford-timestone \ gL IBull. 1090-B Plate 6
Qatka Creek Shale
Purcell Ls./Cherry Valley Ls.
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Marcellus

Union Spring Shale

Onondaga Ls, Huntersville Chert,
Needmore Shale

Oriskany Sandstone PENNSYLVANIA

Eastern limit
not mapped

Wrightstone 2008
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HORIZONTAL DRILLING
N

WEST VIRGINIA




71 Permitted Horizontal Marcellus
Wells in WV (as of 2/1/09)




Wetzel

Doddridge

Principle Stress

Horizontals Oriented in the
Direction of the Least

Monongalia

Marion

HARRISON

Harrison

MARION

. wiaylor

Barbour

¢

Preston

Wrightstone 2008
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2008 Investor and Analyst Meeting

Marcellus Shale - Horizontal Well
Performance

5.0 befe Typecurve

2 Stern wells average 30 day IP s
= 4.3 mmcf/day & Avg. EUR of | ——2.5 befe Typecurve
575 BCF _ ® & Producing

® Last Four Wells

‘ ® Stern Wells
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"« Chesapeake lower initial rates result
of cleanup after fracture stimulation

60
Days of Production

_— Wrightstone72008

+Risk disclosure regarding unproved reserve estimates appears on page ii of the meeting presentation package
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A LINE u/&u:--?
TVec 6 b )'S**\(i MCE

WR-35 DATE: December 17, 2007

APL#: 47-9703398
State of West Virginia

Division of Environmental Protection
Section of Oil and Gas

Well Operator’s Report of Well Work

Farmname: _BECKWITH LUMBER COMPANY Operator Well No.: _626349

LOCATION: Elevation: _2,114 Quadrangle: ROCK CAVET71/2

District: _BANKS County: _UPSHUR

Longitude _9200 Feet West of 80 1Deg 15 Min _00  Sec.

Latitude: . * Feet South of _39 Deg. 50 Min. 00  Sec.

Company: CHESAPEAKE APPALACHIA, L.L.C.

Casing & Used in Left in well | Cement fill
Tubing Drilling | up Cu. Ft.
Address:  Post Office Box 6070
Charleston, WV 25362-0070
Agent: Michael John -
Inspector:  Craig Duckworth 18 44" 44" B
Date Permit Issued:  05/24/2007 MW 170" 170 Cis
Date Well Work Commenced:  09/30/2007 8 5/8" 975’ 975’ 215 sks
Date Well Work Completed: __11/15/2007 5% 7285° 7285 256 sks
Verbal Plugging: o
Date Permission granted on:
Rotary XX Cable Rig
Total Depth (feet): 7283 .
Fresh Water depths (ft): SECEIVED "'
2 Officeof QilL & Gas
Salt water depths (ft): pod
Iy 1.0 7008

15 coal being mined in area (Y/N)? NO e
Coal Depths (ft): W\ Dapaﬁmﬂm of

OPEN FLOW DATA Envirsrimants| Prataction

Producing formation Marcellus Pay zone depth (ft) _7154-7194 / 7198-7234
Initial open MCFd
Gas: flow 0il: Initial open flow _ Bbid
Final open
Final open flow 1500 MCF/d flow 4 Bbld
Time of open flow between initial and final tests Hours
Static rock Pressure 2600 psig (surface pressure) after 72 Hours
Second producing formation Pay zone depth (ft) )
Gas: Initial open flow MCF/d OQil: Initial open flow Bbl/d
Final open flow MCF/d Final open flow Bblid
Time of open flow between initial and final tests Hours
Static rock Pressure psig (surface pressure) after Hours

NOTE: ON BACK OF THIS FORM PUT THE FOLLOWING: 1). DETAILS OF PERFORATED
INTERVALS, FRACTURING OR STIMULATING, PHYSICAL CHANGE, ETC. 2}. THE WELL
LOG WHICH IS A SYSTEMATIC DETAILED GEOLOGICAL RECCRD OF ALL FORMATIONS,

INCLUDING COAL ENCOUNTERED BY THE WELLBORE.
Signed: Pf A . Chesapeake Appalachia, L.L.C.
By: & atkins, istrict Manager [l

Date: Z/d?,é‘fl

HSon

9L

Wrightstone 2008
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2008 Investor and Analyst Meeting

Marcellus Shale -

Pro Forma Horizontal Well Profile

5.0 5.0

4.5 Daily Rate 4.5
3.75 befe EUR Type Curve ' wm==Marcellus Cum Prod
4.0 4 IP rate: 4.3 mmcfe/day 4.0
First month average: 3.7 mmcfe/day

. Finding cost: $1.12 /mcfe o
) 3.5 Well cost: $3.5 million 3.5 %
P 1-Year cum: 0.67 bef =
g 30 5-Year cum: 1.55 bcf 3.0 §
s 10-Year cum: 2.11 bcf ‘g
g 2.5 2.5 9
5 &
§ 2
B 2.0 2.0 E
3 g
£ 1.5 1.5 3

1.0 1.0

0-5 \N - 0-5

) dpeasian | mmmnme ) 2 Eﬁg sl W BSmammancety
Decline Rate e | Rl | Bl | G | T T
0 1 2 3 4 5 6 7 8 9 10 5
B — S e —————— _ = —-_—____—h———__.____________‘_u_ 1
. @ e e . Wr_|gh'§stone 200

ChBSéPEﬁkB *Risk disclosure regarding unproved reserve estimates appears on page ii of the meeting presentation package
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Chesapeake Reserves - Boone, Lincoln & Logan Cos., WV
Before the WV OGCC 6/7/2007

EXAMINATION

BY CHAIRMAN LAY:

Q I only have one question. Do you
have any quantitative number you can share with us
with regards to the amounﬁ of resé;ves that are
going to be ieft in the ground if ﬁe reduce the
spacing requirements to three thousand to fifteen
hundred feet or a thousand feet, fqr that matter, at
your request?

A Pertaining to the Marcellus, right

now, we don’t know what the drainage area is per

well. I mean, we’'re drilling on fifteen hundred
feet. Our typical, recoverable reserves from the
Marcellus alone, we estimate at about seventy-five

millioen.

75 MMCF Chesapeake EUR

Triple Pressure Gradient
Double Depth of Production
Triple Thickness of Pay

Yields ~ 1.35 BCF/well

Wrightstone 2008
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