Analysis

Woodford Production History and Future

G. Randy Keller

Director, Oklahoma Geological Survey
State Geologist
Professor of Geophysics and McCollough Chair

Major Contributors to this presentation are Richard
Andrews, Dan Boyd, and Brian Cardott who are
geologists at the Oklahoma Geological Survey

oy e

Oklahoma Geological Survey

"
] o
Ty

v
~. (O ' TRt -

O

MEWBOURNE
COLLEGE OF EARTH&ENERGY

THE UNNE%@KLAHOMA

Conoaﬁiﬂmps

SCHOOL OF
GEOLOGY&

ﬁ? GEOPHYSICS
The University of Oklahoma




¥
e TORE 4

Al b

[ shale Gas Plays
Stacked Plays
Shallowest / Youngest

—— Deepest / Oldest

Source: Energy Information Administration based on data from various published studies.
Updated: March 10, 2010

Basins




o ——— = e ——— T E—— T 7 = —

Gas Production in Conventional Fields, Lower 48 State
Ve 1 ;

o
¥

=5y g ;—“"\, 5 | ALK
A

o ‘ : 2 ‘sholé Sbdbgie. N Foes

o ’ b - _" - "- " 3 ; #

Gas Production, Ve T 0,Y 0] BasinT— GRS i ¢

Last Reported Year R " AR P

(Billions of Cubic Feet)
- 0-5

51-20 ‘ T : 1N 55 £ 2R T Gulf Mesozoic

201-50 b i B WA S RS i 7 A : . W  OCSArea
50.1 - 290 ; : i £4s % ! .

I:l Basins and OCS Areas

Inter-Basin Areas

W ¢
v B N R -T:"-a_-.'x‘

Source: Energy Information Administration based on data from HPDI, IN Geological Survey, USGS
Updated: April 8, 2009




250

200

MMBOE

150

100

50

Data From Oklahoma Corporation Commission

Oklahoma Oil and Gas Production

(In Million Barrel Equivalent)

310
- 288 T 289
277
264 274 .
m Oil
M Gas (BOE)
66.0 64.9 64.0 61.1 64.0 62.5 65.2 67.0
2002 2003 2004 2005 2006 2007 2008 2009*

* - E.l.A. estimate



Woodford Gas-Shale Plays
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Normal faults identified by hachures
on relatively downthrown block.

Thrust faults identified with solid
barbs on hanging wall block.
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There are 4 WOOdfOrd plays Geologic provinces from
Northcutt and Campbell, 1995
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Woodford Shale well completions in Oklahoma (1934—2009). From IHS Energy, 2009.
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Generalized stratigraphic chart showing the age relationship of gas shales in the southern
midcontinent. Modified from Andrews (2003), Pollastro (2003) and Suneson (2008).
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Woodford Shale on Hunton Anticline — Arbuckle Mountains §
Showing Interbedded Chert and Black Shale
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Oklahoma 2010 Well Completion Results
(Data from IHS Energy - registered through 1-1-2011)

An obvious point
made by this chart
is that the increase

in oil prices has
caused the number
completions for oil
to actually exceed
the number for gas

wells.

Thus, the liquids in
portions of some
of the Woodford

plays are a factor in

this development.

B Gas

o Oil

@ Water - Inj/Disp

@Dry - J&A

The relatively new
developmentis that the
Woodfordis also producing a
significantvolume of liquids
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Map showing Woodford Shale-only well completions from 2004-2011 on a geologic
provinces map of Oklahoma modified from Northcutt and Campbell (1998)




The Anadarko basin Woodford (Its deep!)
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Its thickness is a major factor
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So is its vitrinite reflectance (Ro)

~

Harper Grant Kay
e BeAe T Alfalfa
= = Whatis
Garfield R O?
Hansford Ochiltree Lipscomb Major AN;ESLR':KO
ANADARKO Ellis | | l
e TS L —— =
/ ?.'7 \ Payne
e \
W 7
2 Dewey ]
R/\ Koo Logen
Hutchinson Roberts 3 \ Blaine
Hemphil ! ——
\ Lincoln
Roger Mills N, 1.5 CHEROKEE
\ PLATFORM
L]
Custer
\ Ganadian Oklahoma
Carson Gray Wheeler
Washita
Beckham LAt Cleveland Paottawatomie
—
Aimetrong Donley Collingsworth WICHITA
Greer UPLIFT
T Woodford Shale Thermal Maturity, % Ro | __| Harmon
Comanche
Jackson
Bri ARBUCKLE
RS Hall Childress UPLIFT
[ KS Stephens Murray
MO
| [TL o] ® Timan MARIETTA Catter
— Cotton BASIN
™ LA Hardeman ARDMORE
" - \) BASIN
A e— SR




Vitrinite reflection measurements play a major role in the Woodford plays

The study of vitrinite reflectance is a key method for identifying the temperature history of
sediments in sedimentary basins. The reflectance of vitrinite was first studied by coal
explorationists attempting to diagnose the thermal maturity, or rank, of coal beds. More
recently, its utility as a tool for the study of sedimentary organic matter metamorphism from
kerogens to hydrocarbons has been increasingly exploited. The key attraction of vitrinite
reflectance in this context is its sensitivity to temperature ranges that largely correspond to
those of hydrocarbon generation (i.e. 60 to 120°C). This means that, with a suitable calibration,
vitrinite reflectance can be used as an indicator of maturity in hydrocarbon source rocks.
Generally, the onset of oil generation is correlated with a reflectance of 0.5-0.6% and the
termination of oil generation with reflectance of 0.85-1.1%.

Wikipedia
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So is its vitrinite reflectance (Ro)
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Woodford Shale Play /
Arkoma Basin, OK Nl The western Arkoma basin play

Key Geologm Features { | isin an area with considerable
| - structural complexity
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Basin based on an unpublished vitrinite isoreflectance map by Brian Cardott (hnumbers indicate
%VRo; variable contour interval).




Woodford Shale Only -- Initial Production (IP) on
Isoreflectance Map
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Basin based on an unpublished vitrinite isoreflectance map by Brian Cardott (hnumbers indicate
%VRo; variable contour interval).
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Map showing Woodford Shale-only well completions from 2004-2011 on a geologic
provinces map of Oklahoma modified from Northcutt and Campbell (1998)
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Ardmore Basin (Woodford-
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Oklahoma Active Horizontal Drilling Plays
Including 2010 Activity
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Horizontal Drilling has had a major
impact on these plays!!

Schematic Drawing
Showing Horizontal Wellbore
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Major Oklahoma Horizontal Drilling Plays

Data From IHS Energy through 1-1-2011
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Barnett Shale Mapped Fracture Treatments (TVD)
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“Fracing” is often mentioned as a hazard to groundwater. This image convincingly
demonstrates the huge distance between the frac interval and the water wells!
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Woodford Shale well completions in Oklahoma (1934—2009). From IHS Energy, 2009.
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Regional velocity and density structure

S v v ¥

p Post

4.55 (2.5) Upper Paleozoic

+ Paleozoic

-
%‘E_, 5.8? {2.6). ower
T Proterozoic Basin? / e .
~ 10— aleozoic |—
& // Volcanics
Q Mafic Igneous 5/ < (Carlton Rhyolite?)
A ) e Rift Fill k)
6.2 (2.7)
20 | | |
100 150 200 250 300

DISTANCE (km)



Woodford Oil/Condensate/Gas
Production Caveat

»Gas production is reported by the Oklahoma
Corporation Commission by WELL.

» 0il/condensate production is reported by
the Oklahoma Tax Commission by LEASE
[production by well is only on single-well
leases]

(Production data supplied by Pl/Dwights
LLC, © 2010, IHS Energy Group)




SUMMARY OF WOODFORD GAS SHALE PLAYS

» 1. The main Woodford Shale gas play is in the western
Arkoma Basin at <1.15% to >3.0% Ro

» 2. There is an expanding gas and condensate play along
the Anadarko Basin shelf @1.1% to >1.5% Ro

»3. There is a gas and oil play in the Ardmore Basin at
<1.2% Ro

»4. There is a biogenic methane play in the Cherokee
Platform at <1.2% Ro

»5. There several clear scenarios for future exploration
but RO and thickness are important considerations
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