Woodford Shale, Ardmore Basin, Oklahoma:

A Developing Shale Play
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J. Michael Party and Robert A. Wipf (Wagner & Brown, Ltd.),

Jason M. Byl, Jeff Lawton, and James M. Hill (BNK Petroleum, Inc.)
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M-S U: Magdalena - Sierra del Nido Uplift
AW:  Amarillo -Wichita Uplift

CBP: Central Basin Platform
OB: Delaware Basin

Geological Survey of Alabama Circular 192 Pashin & Hinkle, 2001




pd
= z %]
w @ & 2 = = = &
<| & < o = :; 23 292 ¥
LLJ % < = w = * 2 g E Z
m — s 3 @ 4 < T a
0 L Q 0 =< =N <<
— - h"d b <L
> i 2 5 2 %" g 3
L Q
] <
w 2 Q 3
m
MORROWAN
Z T e e
B i i T i S N g ]
g T Vo WL T W
o Bamett Fm Pitkin Ls
QO o CHESTERIAN .
o~ ‘N Caney Fayetteville Shale
o % Bamett Fm Hindsville Ls Floyd Sh
— Cane
8 w MERAMECIAN Mississippian LS ’ L)
0p] .
ket Tuscumbia Ls
LIJ E OSAGEAN e Boone Gp "V'\N\J
_I Chappel Ls St Joo G
. Joe Gp
< KINDERHOOKIAN e
(2 = CONEWANGOAN Woodford
CHAUTAUDIAN
g CASSADAGAN e Woodford Woodford Woodford
Z CHEMUNGIAN
o SENECAN
> NOLC AN/ A FINGERLAKESIAN WWW
P A
w (YUY IVIT/M Thirtyone Fm
D ERIAN
e e e

After AAPG COSUNA Project




385 MYA
Blakey 2005




z
= z 7]
@ {0 @ 2 z z z S
< = < ) @ 2 < 29 <
L] > 2 z i 29 22 z 3
x| = 2 5 x z 't £3 T
0 L Q 0 =< =N <<
(D L IS = o< @] ]
LLi = " = ¥ X vz =3
7 3 8 z 2 % ° g~ .
] <
= 2 3
m
MORROWAN
Z T e e
i i g ]
g S T W
o Bamett Fm Pitkin Ls
QO o CHESTERIAN .
o~ ‘N Caney Fayetteville Shale
o % Bamett Fm Hindsville Ls Floyd Sh
— Caney
8 g MERAMECIAN Mississippian LS L)
e Tuscumbia Ls
LIJ E OSAGEAN e Boone Gp "V'\N\J
Chappel Ls
_I St. Joe Gp
& 300IMY A kmperrookian I
(2 = CONEWANGOAN Woodford
CHAUTAUDIAN
g CASSADAGAN e Woodford Woodford Woodford
P CHEMUNGIAN
O SENECAN
FINGERLAKESIAN WWW
> _ S
L i Thirtyone Fm
()]
e e e

After AAPG COSUNA Project




NORTHERN

OZARK
UPLIFT

60 80 1(|]0 Miles

1 1
96 128 160 Km

ARBUCKLE
MOUNTAIN s BASIN
UPLIFT e

\\ b
A\
CHITA
QOZ\OUNTAJN

&8
\ _ UPLIFy
7z &t COASTAL
MARIETTA BASIN =2  QULF PLAIN

VA
Ken Johnson (1971) ARDMORE BASIN




360 MYA
Blakey 2005




[} ]

[aalINE

ELER

LE

. NEWTO
Ay o TTAWA
HARPER - ' GRANT NOWATA| CRAIG
N\ WOO00S | aLraira . 4 e Do
| T oma |
— ﬁ ¢«l
4 :v
WOOOWARD OBLE | PAWNEE ’ J Be
GARFIELD nOBLE " v
S YT - ocers| maves | &
ELLIS L J T 1
’ I 1 1 TuLsAa &
&
¢
<
DEwEY & ~J Oklahoma WAGONER %dp &
&t LOGAN I < <
| BLAINE & Clty (_J ADAIR
ROGER o
MILLS LINCOLMN & |musrodEE CcR
CUSTER —— 5 .
1 - CANADIAN 10O A | OKFUSKEE ; SEQUOYAH
. -
&y
- 2y & $C INTOSH
[T c¢ NO_4 &
BECKHAM oo g hiL L ™ 2 ! ot HASKELL
<
CADDO £ | 3? &
N . N - §
% GRADY © Je & |nuones
/) GREER KIOWA G A ‘ PtTTEEURG -
g e i I eVl LATIMER ru FLORE
3 LT__XF
& rcmvon)g:_"‘—‘—J
T COMANCHE 1 GARVIN
JACKSON —I_“‘ COAL
..
&"0 TILLMAN ,_f__f STEPHENS luumuv I PUSHMATAHA
Qe ) ATOKA
2 COTTON LOHNSTON
” : 5® -
J' MC CURTAIN
WILBARGER Ardmore %, CHOCTAW
FOARD WICHITA J OVE % amAN
¢
a /
| Cuav
MONTAGUE LASSAR



d
= z %]
@ {0 @ 2 z z z S
< = < ) @ 2 < 29 <
LuJ 5 2 z : 55 35 O
x| = 2 5 x z 't £3 T
0 L Q 0 =< =N <<
(D L IS = o @] ]
LLi = = = ¥ X v =g
7 . 8 z 2 g ° g -
] <
= 2 <
m
MORROWAN
Z T e e
< T N I A e
— BT Y Yo T W /-"'
o Bamett Fm Pitkin Ls
QO o CHESTERIAN .
o~ ‘N Caney Fayetteville Shale
o % Barnett Fm Hindsville Ls Floyd Sh
— Cane
N N MERAMECIAN . Y Moorefield Fm
o U) Mississippian LS
ket Tuscumbia Ls
m E OSAGEAN e Boone Gp "V'\N\J
Chappel Ls
_I St. Joe Gp
< KINDERHOOKIAN e
(2 = CONEWANGOAN Woodford
CHAUTAUDIAN
g CASSADAGAN e Woodford Woodford Woodford
Z CHEMUNGIAN
O SENECAN
> FINGERLAKESIAN ""WW"W\/‘\-—|
PN
L i Thirtyone Fm
()]
e e e

After AAPG COSUNA Project




1SI3E
A 1S/5E
- * -

CADDO & SPRINGER
FIELDS : T

§ 3suE

|

“
_ N
\

| AYLESWORTH FIELDS
MADILL FIEL ' InIooannani

7SI5E i ., Bryan

TSIBE

o —— Ced

E O Wells that produced from Woodford




AYLESWORTH, AYLESWORTH SE, & AYLESWORTH DIST SE (WOODFORD)
MARSHALL & BRYAN COUNTIES, OKLAHOMA
Stratigraphic Cross Section
Datum = Woodford

35013001320000 35013002810000 35013001340000

+ » 4 »

MON JL ANDERSON-PRITCHARD ROY GODFREY
NEFF-GODFREY 2 HAYNIE 1 STATE 2
MNE NE SE 545 FSL 1942 FEL N2 N2 NE
TWP: 8 S-Range: T E-Sec. 21 TWP:8 S-Range: 7 E-Sec. 22 TWP: 8 S-Range: T E- Sec 27

WOODFORD 2l ; ey WOGDFORD

Aylesworth, Aylesworth Dist SE,
DST #1 39864120 Aylesworth SE Field

Op 110 min. 1ec 120°M, All Woodford Completions (8 Wellsy

FFP 588, FSIP 365830 min GAS olL

AverageWell 1,424,924 mef 315 BBLS

Perf 2137104054,
Flvg 52 MCFD, 24847 ck.
FTP 6258,

122474

HUNTOM I

SYLVAN — 1 ° - - S AREE Other Producing Zones:

i " Arbuckle, McLish, Bromide, Hunton, Misener, Tulip
Creek, Trinity, Springer, Vicla, Oil Creek, Sycamore,
Unknown

- TD=4141

I

5,859,168 mcf
05/74-
4,500 mcf/month

HUNTCH

SYLVAN

2,328,287 mcf
178 bbls oil
11/74-07/07

731,005 mcf
03/75-
1,300 mcf/month

AYLESWORTH, AYLESWORTH SE.
& AYLESWORTH DIST SE (WOOODFORD)
MARSHALL & BRYAN COUNTIES,
Stratigraphic Cross Section
Datum = Woodford

SP WOODFORD_ALYESWORTH xsd




MADILL FIELD {WOODFORD)
MARSHALL COUNTY, OKLAHOMA
Stratigraphic Cross Section
Datum = Woodford

00

,',«gﬁrqh;aiﬁ.’.'f

Wi
220,899 mcf

7,610 bbls oil
02/78-03/91

1,788,889 mcf
03/92-
2,000 mcf/month

T Ve,

A T
3,403,747 mcf 4,304,217 mcf 444,04_3 mcf
02/73- 02/78- 546 bbls oil
300 mcf/month 300 mcf/month  06/90-
200 mcf/month

354,246 mcf

04/05-

5,800 mcf/month || | 1| |
163,170 bbls oil
01/58-07/07




2,040,543 mcf
398,303 bbls oil
04/54-

2,000 mcf/month

1,262,515 mcf

6,127 bbls oil

03/95-

5,000 mcf/month
1,696,249 mcf
06/61-
3,000 mcf/month

03/62-

1,066,495 mcf

1,414,947 mcf
11/61-05/89

1,256,797 mcf
07/61-05/02

2,692,895 mcf
06/61-
4,000 mcf/month

724,208 mcf
06/61-12/90

844,893 mcf
06/61-02/95

1,842,552 mcf
11/61-04/94

1,200 mcf/month

603,609 mcf
07/61-09/83
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OKLAHOMA SHALE GAS PLAY
VITRINITE REFLECTANCE (% Ro) AND TOTAL ORGANIC CARBON (TOC) DATA, CARTER & JOHNSTON COUNTIES, OKLAHOMA
Stratigraphic Cross Section
Datum = Caney
35016214480000 R 3501923427000 . 3501820750000 . 350192 eh 35069000180000 P 35018217720000
o4 » o4 » o4 » @ ¢ y o4 » O
BURMAH OIL & GAS SUN ESP SUN OIL MARSHALL OIL SUNRAY EXXON
CITY OF ARDMORE 32-1 DROWN 1 PAGE 1 BUDDY YOUNG 1-15 RAWSON 1 SPEAKMAN 1
2310 FNL 412 FEL 1620 FNL 2310 FEL MW HW 2440 FSL 1420 FEL NW NE SW 2640 FSL 2310 FEL
TWP: 4 5-Range: 2 E - Sec. 32 TWP: 3 S-Range: 3 E-Sec. 35 TWP: 3 S-Range: 3 E - Sec. 36 TWP: 3 S-Range: 3 E-Sec. 15 TWP:4 S-Range: 4 E-Sec. 28 TWP: 3 5-Range: 3 E-Sec. 5
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Woodford Section

Carter - Johnston Counties, Oklahoma

350192511 lnuno 10230 ft 35{11.?2501(:0:100 13641 ft 3505?200920000 11683 ft 3508?20094‘000[1 20091 ft 3506?20[]930000
WAGNER & BROWN LTD BNK PETROLEUM US INC ORACLE RES OKLA LP BNK PETROLEUM US INC BNK PETROLEUM US INC
MAHER 1H-22 MICKEL HILL 1-26 LEILA 1-31 BROCK 8-1H WLC 17-1H
1740 FSL 1630 FWLINW 1320 FSL 1980 FWL 1322 FSL 1328 FEL 2490 FSL 190 FWL/NE 430 FSL 1500 FEL
TWP:3 S-Range:3 E-Sec 22 TWP:3 S-Range:3 E-Sec. 26 TWP:3 S-Range:4 E-Sec. 31 TWP:4 S-Range:4 E-Sec.9 TWP:4 S-Range:5 E-Sec. 17
Net 414 Ft. Net 266 Ft. Net 257 + Ft. Net 311 Ft. Net 298 Ft.
Gross 445 Ft. Gross 333 Ft. Gross 353 Ft. Gross 377 Ft. Gross 318 Ft.

1]

WOODFORD =%

HUNTON

9 syLvan

Net to Gross 93.0%

Net to Gross 79.9%

Net _tq Gross 72.8 + %

~TD=10290

Ne_t to Gross 82.5%

Net to Gross 93.7%

o
—— WOODFORD




Woodford Section

Carter - Johnston Counties, Oklahoma

35019251 11 0000 10230 ft 3501 ?2501[:0000 13641 t 3505?20092}0000 11683 ft 35[)6’920091‘-:0000 29091 ft 3506?200930000
WAGNER & BROWN LTD BNK PETROLEUM US INC ORACLE RES OKLA LP BNK PETROLEUM US INC BNK PETROLEUM US INC
MAHER 1H-22 NICKEL HILL 1-26 LEILA 1-31 BROCK 8-1H WLC 17-1H
1740 FSL 1630 FWLINW 1320 FSL 1980 FWL 1322 FSL 1328 FEL 2490 FSL 190 FWL/NE 430 FSL 1500 FEL
TWP:3 S-Range:3 E- Sec 22 TWP:3 S-Range:3 E-Sec. 26 TWP:3 5-Range: 4 E-Sec. 31 TWP:4 S-Range:4 E-Sec.9 TWP:4 S5-Range:5 E-Sec. 17
Net 414 Ft. Net 266 Ft. Net 257 + Ft. Net 311 Ft. Net 298 Ft.
Gross 445 Ft. Gross 333 Ft. Gross 353 Ft. Gross 377 Ft. Gross 318 Ft.

Net to Gross 93.0%

Net to Gross 79.9%

Formation
Area

Net to Gross 72.8 + % Net to Gross 82.5%

GROSS| NET to GROSS

Net to Gross 93.7%

WOODFORD

1]

WOODFORD E

Carter, Johnston, Marshall

WOODFORD
Atoka, Coal, Hughes,

F'itts—.hurg

BARNETT
Wise

HUNTON

500 :
7 syLvaN

BARNETT

Johnson

FAYETTEVILLE
Cove Creek, Gravel Hill
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TD=7500
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ooarors Og are mparison
35019251110000 10230t 35019250100000 25159 35069200940000 29091 f 35069200930000
WAGNER & BROWN LTD BNK PETROLEUM US INC BNK PETROLEUM US INC BNK PETROLEUM US INC
MAHER 1H-22 NICKEL HILL 1-26 BROCK 5-1H WLE 17-1H
1740 FSL 1630 FWLINW 1320 FSL 1980 FWL 2490 FSL 190 FWLINE 430 FSL 1500 FEL

TWP:3 S-Range: 3 E-Sec 22

TWP:3 S-Range:3 E-Sec. 26

TWP. 4 S-Range:4 E-Sec. 9

TWP:4 S-Range:5 E-Sec. 17

195.6 BCF Total Gas
Per Section In Place
Schlumberger

Net 414 Ft.
Gross 445 Ft.
Net to Gross 93.5%

222.1 BCF Total Gas
Per Section In Place
Schlumberger

Net 266 Ft.
Gross 333 Ft.
Net to Gross 79.9%

300.2 BCF Total Gas

Per Section In Place
Schlumberger

Net 311 Ft.
Gross 377 Ft.
Net to Gross 82.5%

227.0 BCF Total Gas
Per Section In Place
Schlumberger

Net 298 Ft.
Gross 318 Ft.
Net to Gross 93.7%
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BNK Petroleum US, Inc.
Nickel Hill #1-26
T3S R3E Section 26
Carter County, Oklahoma

Perf'd 9,346-56
Frac'd with 15,238 bbhls and

225.000# of 100 Mesh, 30/50 Mesh and 20/40 Mesh

Perf 9,346-56" with 6 spf
Spearhead with 4,500 gals 15% HCL
with A262 corrosion inhib @ 2 gpt,
L058 iron control @10#/1000 gals,
W054 non-emulsifier @ 2 gpt
followed by fresh water with B182 friction reducer @ 0.35 gpt,
B244 biocide @ 0.2 gpt. and
LG4 clay stabilizer @ 2 gpt
Breakdown @ 3,505 psi, 26 bpm,
then increased rate to 80 bpm
Acid at formation @ 4,723 psi, then pressure declined
to 3,400 psi after all acid in formation
Pumped frac according to design, injected 10,3004 of 100 mesh sd,
101.960# of 30/50 Jordan sd and 112, 740# 20/40 Jordan sand at
average rate of 80 bpm and average pressure of 2 964 psi
Max pressure 4,763 psi and max rate 80.2 bpm,
max prop concentration 2.1 #/gal
ISIP 2,325 psi, 15 min SIP 2,232 psi
Total volume slurry 15,238 bbls
Total volume fluid pumped 14,981 bbls,
Total load to recover est 15,161 bbls
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5 Stage Frac
Frac'd with 52,773 bbls and
1,075,022 # of 100 Mesh, and 30/50 Mesh
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Greenway #35-1H
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Frac'd with 94,056 bbls and
1 943 509 # of 100 Mesh, 40/70 Mesh, and 20/40 Mesh
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120,115mcf + 8,763 bbls oil
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SPRINGER FIELD AREA

® Woodford Only @ Woodford/Sycamore O Woodford/Others Production in BCF (3.1 BCF)



Comparison of
Jordan #1-12H, Greenway 35-#1H and Dunn 2-#1H

/A Pipeline Issues /\\‘\‘\/‘\’

Pipeline Issues

100,000
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Comparison of
Jordan #1-12H, Greenway 35-#1H and Dunn 2-#1H
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Cumulative Production

’<.258CF
-

133 of 427 Wells Producing have been

producing less than 6 Months (31%)
| I [ [ |

256 of 427 Wells Producing have been
producing less than 12 Months (60%)

y ! 18916
e T [
i
¥ oy | 0 ‘
LE t:
g 28 e bl 15t



Cumulative Production

<.25 BCF
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Max Month Production versus Cumulative Production
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Max Month Production versus Cumulative Production
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Woodford Structure Comparison
Cl = 500 Feet
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Woodford Structure Comparison (Shading)
Cl = 500 Feet
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Woodford Isochore Comparison
Cl = 50 Feet
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Woodford Isochore Comparison (Shading)
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Hunton Isochore Comparison
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Production Rates
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Production Rates
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GAS (mcf/month)

Woodford Shale (Arkoma Basin)
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Development Time For Shale Plays
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