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Abstract

More than 1000 horizontal oil and gas wells have been drilled and completed since 2007 in the Granite Wash trend in a five-county area
(Wheeler County, Texas; Roger Mills, Beckham, Washita, and Custer Counties, Oklahoma) of the deep Anadarko Basin of Texas and
Oklahoma. Over 90% of the horizontal wells drilled to date have targeted Granite Wash strata of Pennsylvanian age and have been drilled since
January 2008.

Before 2007, the Granite Wash reservoirs had been exploited by over 2000 vertical wells across the report area. These vertical wells are
generally characterized by poor recovery efficiency and economic performance due to the extremely low permeability of the various arkosic
sandstone and conglomerate reservoirs. Horizontal drilling and completion technology now provide the oil and gas industry with much better
tools for efficiently producing gas, oil and condensate from these reservoirs.

Daily production from horizontal Granite Wash completions in the five-county area, as of late 2013, was reported to be greater than 46,500
barrels of oil and 962 million cubic feet of gas. Total cumulative production from 1048 horizontal wells has reached 69.6 million barrels of oil
(MMBO) and 1.5 trillion cubic feet of gas.

This article includes geologic descriptions of the Granite Wash play, including a look at four key oil and gas “sub-play” areas that have been
horizontally drilled.
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HORIZONTAL GRANITE WASH PLAY: KEY POINTS

* Located in the deep Anadarko Basin along the northern flank of
the Amarillo-Wichita uplift in Oklahoma & Texas

e Granite Wash petroleum reservoirs are primarily arkosic
sandstones and conglomerates with very low porosity &
permeability

 Wash sediments were locally sourced from the Amarillo-
Wichita uplift

* The middle and upper Pennsylvanian-age Granite Wash
stratigraphic section exceeds 7000 feet in thickness

* Reservoirs were laid down in depositional systems varying from
alluvial fans to deep-water turbidite and debris-flow deposits
five to thirty miles north of the Amarillo-Wichita uplift

* Dozens of individual stratigraphic and structural-stratigraphic
oil and gas traps are present in a highly complex “tight oil and
gas sandstone” resource system



HORIZONTAL GRANITE WASH PLAY: KEY POINTS

* Production depths range from 9000 to 15,500 feet

* Individual petroleum reservoirs are 25 to 150 feet thick

* Porosity: 2% to 14%

* Permeability generally <0.1 millidarcy

* Oil Gravity: 44-60° API

* Four Granite Wash sub-play areas have been identified based
on structure, stratigraphy, and trapping styles

* More than 2000 vertical Granite Wash wells were drilled prior
to transition to horizontal drilling in 2007

* Since 2007 over 1760 horizontal Granite Wash wells have been
drilled with only 86 dry holes

e 111 active permits currently awaiting drilling



HORIZONTAL GRANITE WASH PLAY: KEY POINTS

One thousand forty-eight (1048) horizontal Granite Wash wells
have produced 69,600,000 barrels of oil and 1.5 trillion cubic
feet of gas since 2007 from the study area

Late 2013 reported daily production in Wheeler, Hemplill,
Beckham, Roger Mills, Custer and Washita Counties was
>46,500 barrels oil and 962 million cubic feet of gas from 1408
horizontal wells

Late 2013 reported daily production in Wheeler County alone
was >33,700 barrels oil and 553 million cubic feet of gas from
648 horizontal wells




HORIZONTAL GRANITE WASH PLAY
LOCATION MAP
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HORIZONTAL GRANITE WASH PLAY

Regional Structure Map — U. Desmoinesian Wash

-
SSSSSSSSSS

—
T

SHAWNEE

<
?( DDDDDDDDDDDDDDDDDDD

HHHHHHHHHHHH

>
EEEEEEEEEEEEE

MMMMMMMM

< e =
BECKHAW

p
Datum' Marmaton Wash Shale Marken
nlour Interval; §

Areas Producing Qil/Gas from
Pennsylvanian Age Granite .
paet 18 Miles
R e ee——
Seplember 2011
Gl

-—_—

Contour Interval = 500 Feet



HORIZONTAL GRANITE WASH PLAY:
WHAT IS GRANITE WASH?

Granite Wash (‘gran-at ‘wash) (geology)

Material eroded from granites and re-deposited, forming a
sedimentary rock with the same major mineral constituents as

the original rock.



HORIZONTAL GRANITE WASH PLAY

Core data shows common Granite Wash mineralogical
composition to be:
— 30-40% Quartz (quartz in sand, igneous fragments, quartz overgrowths)
— 20-30% Plagioclase Feldspar
— 10-20% Potassium Feldspar
— 7-18% Clay, primarily authigenic Chlorite

Cores also show Granite Wash framework qrains to be
commonly composed of:

— 10-40% Plutonic and Volcanic rock fragments (granite and rhyolite,
varies with conglomeratic vs. sandstone rock types)

— 20-30% Quartz in individual grains
— 20-30% Plagioclase Feldspar in individual grains
— 10-20% Potassium Feldpar in individual grains

Data from Core Lab, published data



DESMOINESIAN WASH — STILES RANCH FIELD, TX
Layered Sheet Sandstone and Shale Distal Lobe Grading

Upward into Amalgamated Proximal Lobe Sheet Sandstone
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Core Photo Courtesy of Core Lab
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Nine feet of conglomeratic
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MARMATON WASH - SWEETWATER FIELD

Five feet of conglomeratic sandstone from core cut in the Gulf #1 Payne
Community Sec. 13, T1ION R26W, Beckham Co., OK
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HORIZONTAL GRANITE WASH PLAY
Common Framework Grains
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Abundant Plutonic and Feldspar Intergrowths and
Volcanic Lithic Fragments Plagioclase

Vrf = Volcanic Rock Fragment; Prf = Plutonic Rock Fragment;
Q = Quartz; FI = Feldspar Intergrowths; PL = Plagioclase Feldspar
P = Porosity

Photomicrographs Courtesy of Core Lab



HORIZONTAL GRANITE WASH PLAY
Mineralogy, Grain Types, Clay
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HORIZONTAL GRANITE WASH PLAY

Rock Textures
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HORIZONTAL GRANITE WASH PLAY
Granite Wash Porosity and Permeability

Porosity averages ~6 %, often as low as 2-3%
Permeability ranges from .0001 to 0.1 md

Porosity dominantly exists as microporosity with minor
intergranular porosity

Original porosity was reduced by mechanical compaction and
diagenetic cementation



HORIZONTAL GRANITE WASH PLAY

STRATIGRAPHIC CHART
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GRANITE WASH DEPOSITIONAL SETTING

Ny
Modified from Moore 1979




GRANITE WASH PLAY SCHEMATIC CROSS SECTION
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GRANITE WASH DEPOSITION

GRANITE WASH PLAY DEPOSITIONAL MODEL

MOUNTAINS
CLIMATE AMND
WEATHERING

ROCK

TYPES
HARROW OR

NO COASTAL PLAIN,
MARROW SHELF Deepwater

Submarine Fan
Lobes (Proximal to
Medial to Distal)

Fan Delta Distal Fan Lobe

Adapted From Bouma, 2000




GRANITE WASH DEPOSITION

e 7000 feet+ thick succession of conglomerate, sandstone and
shale in Middle and Upper Pennsylvanian-age Granite Wash

* “Coarse-grained sand-rich” depositional systems varying from
alluvial-fan delta to deep-water turbidite/debris-flow deposits

* Granite Wash oil and gas reservoirs consist primarily of
submarine-fan-lobe sequences (50-400 feet thick) separated
by highstand correlative shales (5-20 feet thick)

— Proximal Lobes Most Common (channel to lobe transition)

 Comprised of conglomerates and amalgamated sheet
sandstones to layered-sheet sandstones & minor shale

— Distal Lobe or Lobe Fringe
* Comprised of layered-sheet sandstones

* Shale suspension deposits (highstand) occur between
turbidite fan lobe sandstone sequences provide vertical
seals



HORIZONTAL GRANITE WASH PLAY
LOWER ATOKAN PALEOGEOLOGIC MAP
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HORIZONTAL GRANITE WASH PLAY
UPPER ATOKAN PALEOGEOLOGIC MAP
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HORIZONTAL GRANITE WASH PLAY
LOWER DESMOINESIAN PALEOGEOLOGIC MAP
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HORIZONTAL GRANITE WASH PLAY
UPPER DESMOINESIAN PALEOGEOLOGIC MAP
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HORIZONTAL GRANITE WASH PLAY

IVIARIVIATON (U IESIVIOINESIAN) WASH ISOPACH
N T

Northern Limit of
Marmaton W?sh Ss.

py T
?I
7 .
7
=
) % 1600 Basin Axis [N
6‘00 R 41...‘.‘ &, Y
1800 EY N LN Yuagns . *,
- & - -
= » 2 : 0‘..’ 1809
SN ~
oG | T WASHITA:-
-~ 2 I'l e Q.
N~ o -
NG Y
= vy p——
7 Zi- L b Southern Limit of
25N I m Mappable Units in
4l if,»f/ || Desmoinesian Wash

/
AN N

:",//\
o =

I

LEGEND
Isopach Map
Marmaton Wash Interval
Contour Interval: 100 Feet

Tectonic Map From McConnell (1989), Basement Composition from Ham, Denison & Merritt (1964)



Granite Wash Oil and Gas Production

Mills Ranch Oil Field, Wheeler County, Texas



GRANITE WASH PLAY
OIL AND GAS PRODUCTION AREAS

T @r T 75, ,,_‘Tm** — T ] _5YS]__ SERES UNIT__ |
/ Y/‘\j -:% ﬁ 71: B B e e ¥ i ™ VIRGILIAN | SHAWNEE
ax| Apmeia] : = —_— b T =z
= 'q" = 1~ >~ N 2 | missouriaN | “Hocsroorer
‘# e = | 2 N\ ‘ - ; CCCCCCCCCCCC
‘ : | Y / 2 O\N %80 52 MARMATON
/’;",, = = 1W ]_ 19W —— § DESMOINESIAN
~ e = \ R 0000 | & SKINNER
: P ATOKAN
e\ o MORROWAN
2 T —
\\ o
».L‘\\f %@]‘1
”Es(r,(“g\
.A<——_~‘e-\
%\O‘m.
N
\3”:;"\(&?)\"‘, \
,”,L»j’/"x Mt_‘y ) _:7;_':
O ~fo00U
N :
LEGEND > , y
Structure Map >< I2 9N
Datum: 2nd Marmaton Wash Shale |
Contour Interval: 100 Feet L 5 6 / 25W 24W | 23W 22W
| s ratuing OUGas fom |~ | ——
ALINS SRS S w7 ; } ‘ ' v T
[Wash” I | | [ Twelve Miles | 1 -, }

Granite Wash Reservoir Production Cumulatives:
98 MMBO & 1.9 TCFG from ~2,100 Vertical Wells Since 1947
46 MMBO & 856 BCF from 816 Horizontal Wells Mainly Since 2008



HORIZONTAL GRANITE WASH PLAY

STRATIGRAPHIC CHART

SYS.| SERIES/STAGE GROUP UNIT
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Granite Wash Oil and Gas Production
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HORIZONTAL GRANITE WASH PLAY
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HORIZONTAL GRANITE WASH PRODUCTION

* One thousand forty-eight (1048) horizontal Granite Wash wells
have produced 69,600,000 barrels of oil and 1.5 trillion cubic
feet of gas since 2007 from the study area

e Late 2013 reported daily production in Wheeler, Hemplhill,
Beckham, Roger Mills, Custer and Washita Counties was
>46,500 barrels oil and 962 million cubic feet of gas from 1408
horizontal wells

e Late 2013 reported daily production in Wheeler County alone
was >33,700 barrels oil and 553 million cubic feet of gas from
648 horizontal wells




HORIZONTAL GRANITE WASH PLAY
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HORIZONTAL GRANITE WASH PLAY
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Horizontal Granite Wash Play
Missourian Wash Activity Areas
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CONCLUSIONS

Located in the deep Anadarko Basin along the northern flank of
the Amarillo-Wichita uplift in Oklahoma & Texas

Granite Wash petroleum reservoirs are primarily arkosic
sandstones and conglomerates with very low porosity &
permeability

Wash sediments were locally sourced from the Amarillo-
Wichita uplift

The Middle and Upper Pennsylvanian-age Granite Wash
stratigraphic section exceeds 7000 feet in thickness

Reservoirs were laid down in depositional systems varying from
alluvial fans to deep-water turbidite and debris-flow deposits
five to thirty miles north of the Amarillo-Wichita uplift

Dozens of individual stratigraphic and structural-stratigraphic
oil and gas traps present in a highly complex “tight oil and gas
sandstone” resource system



CONCLUSIONS

Production depths range from 9000 to 15,500 feet
Individual petroleum reservoirs are 25 to 150 feet thick
Porosity: 2% to 14%

Permeability generally <0.1 millidarcy

Oil Gravity: 44-60° API

Four Granite Wash sub-play areas have been identified based
on structure, stratigraphy, and trapping styles

More than 2000 vertical Granite Wash wells were drilled prior
to transition to horizontal drilling in 2007

Since 2007 over 1760 horizontal Granite Wash wells have been
drilled with only 86 dry holes

111 active permits currently awaiting drilling



CONCLUSIONS

One thousand forty-eight (1048) horizontal Granite Wash wells
have produced 69,500,000 barrels of oil and 1.5 trillion cubic
feet of gas since 2007 from the study area

Late 2013 reported daily production in Wheeler, Hemplill,
Beckham, Roger Mills, Custer, and Washita Counties was
>46,500 barrels oil and 962 million cubic feet of gas from 1408
horizontal wells

Late 2013 reported daily production in Wheeler County alone
was >33,700 barrels oil and 553 million cubic feet of gas from
648 horizontal wells




THANKS FOR LISTENING!

| would like to also thank my wife Carol Mitchell for her
support and patience over 36 years of marriage to a
roving geologist.



Appendix

e Additional illustrations prepared during this study of the
Granite Wash Play.
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Horizontal Granite Wash — Colony-Braithwaite Field
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Horizontal Granite Wash — Colony-Braithwaite Field
[ FBCrElR ] o= 1.1 1 .| /1 . ’ s North Braithwaite Field:

S, +Tﬂ2};i§§i; Colony Wash Play: * s« =mn| 9 Vertical Marmaton Wash Wells .
[, 2 1:: * ° 77 Horizontal Marmaton Wash Wells |« «|" " |7 0.4 BCEE Per Well
. L =|s #108BCF with EUR Calculations Done: + L e meld
OB EUR 3.4 BCFE (Includes 134 MBO Per ) U

o -secry  Well)/ EUR ~8X per Vertical Wells | S+

By 58
1 i/“ AT AT A 1 rdow
a WL (|

) IR
VZZVEANN | K B

Net Ss. Isolith Map: Marmaton “D” Wash

Contour Interval = 20 Feet
71 T L' | i T T T T T

Shchillizs Horizontal Drilling in
Marmaton “D” Reservoir
Since December 2006




Horizontal Granite Wash — Colony-Braithwaite Field
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Horizontal Granite Wash — Colony-Braithwaite Field

P % & +* + # * # # & N
16 8 . * 18 . + L e 1 % 18 15
NN T EE P +T12N | RA8W o 1 als s sTaon| RTW = N | " R18W
: :i 2:: : : : T R N 15t Horizontal Well | Y m Chesapeake #1-18H Kliewer S
- R — Chesapeake #2-8H Don / ¥ 6.3 MMCFD, 495 BCPD  [°|* aineid
B e 8.9 MMCFD , 571 BCPD L _ .
15.6 MMCFD, 398 BCPD Chesapeake #1-13H Wise
9.9 MMCFD, 642 BCPD N
¢ | I “\Cugtef CoR N ¢ | _
/_: & C *
] | . |
|9 ) ® X
L 4 +, ~
k 7N
J0 g1 U /TN Rlsw
-__‘—‘-*_- ¢ y 1 ZZ
A Y 7
! T/‘s

AV

Chesapeake #1-22H Gwendolyn 5
11 MMCFD , 1021 BCPD “P\\

: ) 2 Net Ss. Isolith Map: Marmaton “D” Wash
., SIx Miles Contour Interval = 20 Feet
Washita Co. Marmaton Wash Play: Avg. Max Max Month Production
Month Production Data for 90 Horizontals Daily Average Rates

54 MMCFED & 516 BCPD Since December 2006



Horizontal Granite Wash — Colony-Braithwaite Field
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Washita County Marmaton Wash EURs (MCFe)
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WASHITA CO. DRILLING STATISTICS BY OPERATOR

WASHITA COUNTY PERMITTED HORIZONTAL GRANITE WASH WELLS BY OPERATOR
THROUGH JUNE 2011
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Graph showing number of permitted horizontal Granite Wash wells by operator in Washita County, Oklahoma
through June 30t 2011.
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Horizontal Granite Wash
North Canute to Elk City Area
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HORIZONTAL GRANITE WASH PLAY
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Horizontal Granite Wash - North Canute Area
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Isolith map - L. Hogshooter Wash, Density Porosity >4% w/ gas effect;
= 20 feet; Canute field, T11IN R20W, Washita Co., OK
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Horizontal Granite Wash - North Canute Area
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Horizontal Granite Wash-Wheeler County Play Area
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§/\7 Missourian Wash Horizontal: |PF>750
J~{ BblOll Equivalent Per Day 1st Month
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Bbl Oil Equivalent Per Day 1st Month
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Wheeler County Wash Play

Cum. Production: 6.3 MMBO & 194 BCFG from 181 Horizontal Wells

Daily Production: ~20,000 BOPD & 455 MMCFGPD (June 2011)
Estimated Ultimate Recovery: ?
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Stratigraphic Cross Section A-A’
Wheeler Co., Texas

Datum: 2nd Marmaton Wash Flooding Surface
Note: All Porosity Logs Run on 2.71 gm/cc (Ls.) Matrix
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Wheeler County Marmaton Wash EURs (MCFe)
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WHEELER CO. DRILLING STATISTICS BY OPERATOR

WHEELER COUNTY PERMITTED HORIZONTAL GRANITE WASH WELLS BY OPERATOR
THROUGH JUNE 2011
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Graph showing number of permitted Granite Wash horizontal wells by operator in Wheeler County, Texas
through June 30th, 2011.
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DRILLING STATISTICS BY YEAR

PERMITTED HORIZONTAL GW WELLS BY YEAR
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Graph showing number of permitted horizontal Granite Wash wells by year in study
area through June 30t 2011. * Note that permits for 2011 are for the first half of the
year only.




HORIZONTAL GRANITE WASH PLAY
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HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 115
horizontal Granite Wash wells during 2008



HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 95 horizontal
Granite Wash wells spudded during 2009



HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 335
horizontal Granite Wash wells spudded during 2010



HORIZONTAL GRANITE WASH PLAY

{ [ | 294 Horizontals Spud in
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Yellow symbols on map showing locations of 294
horizontal Granite Wash wells spudded to date (mid-
September) in 2011



400

350

300

250

200

150

100

50

0

DRILLING STATISTICS BY COUNTY

PERMITTED HORIZONTAL GW WELLS BY COUNTY
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Graph showing number of permitted horizontal Granite
Wash wells by county in study area through June 30t"
2011.




DRILLING STATISTICS BY TARGET

IDENTIFIED HORIZONTAL TARGET ZONES
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Graph showing number of horizontal Granite Wash wells
per target interval as identified by author in study area
through June 30th, 2011.




DRILLING STATISTICS BY OPERATOR

FIVE COUNTY PERMITTED HORIZONTAL GRANITE WASH WELLS BY
OPERATOR THROUGH JUNE 2011
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Graph showing numbers of permitted horizontal Granite Wash wells by operator in the study
area through June 30t 2011. Total permits issued are six-hundred and ninety-nine (699).




HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 343 horizontal
Granite Wash wells spudded to date by Chesapeake



HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 78 horizontal
Granite Wash wells spudded to date by Newfield



HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 74 horizontal
Granite Wash wells spudded to date by Forest



HORIZONTAL GRANITE WASH PLAY

{ (| 71 Horizontals Spud by
| Devon to Date (2011)

CUSTER

LEGEND
Horizontal Granite Wash Well
Operator Map - Devan
/7 Horizontal Granite Wash Wi
:| Are O g QilfGas fro |
Pennsylvanian Age Granile | .
Wash 18 MI|ES
Geolagis: John Mihs! e——
Seplember 3011 e
| G

Yellow symbols on map showing locations of 71 horizontal
Granite Wash wells spudded to date by Devon



HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 69 horizontal
Granite Wash wells spudded to date by Apache



HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 49 horizontal
Granite Wash wells spudded to date by Cimarex



HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 47 horizontal
Granite Wash wells spudded to date by Linn



HORIZONTAL GRANITE WASH PLAY
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Yellow symbols on map showing locations of 42 horizontal
Granite Wash wells spudded to date by Samson



HORIZONTAL GRANITE WASH PLAY

Granite Wash Horizontal Max Month Initial
Potentials in BOPDE

(Bbls of Oil Per Day Equivalent @ 6 mcfg= 1 BO)



Horizontal Granite Wash Wells with >2500 BOPD
Equivalent 6 MCFG 1 BO

) 2500 5000 L
BOPDE (34)

\

OKLAHOMA.

] ROGER MILLS
>5000 . CUSTER

BOPDE (4) e
AR R 3 X Y

Map showing 38 wells (stars) having available production data
September 2011 and with initial daily production rates exceeding
2500 BOPD equivalent @ 6 mcfg/bbl oll
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Map showing 256 wells (stars) having available production data
September 2011 and with initial daily production rates exceeding
1000 BOPD equivalent @ 6 mcfg/bbl oil



Horizontal Granite Wash Wells - Initial Potential
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Map showing 587 wells (stars) with available production data
September 2011: 331 wells (56%) had initial daily production rates
below 1000 BOPD equivalent @ 6 mcfg/bbl oil
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