Oklahoma Oil and Natural Gas

Components and Long-Term Outlook

GEOL 4233 Lecture
Januar y, 2008
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Map of Oklahoma Oil and Gas Fields; Distinguished By GOR and Coalbed Methane Production. From Boyd (2002)
(GOR Cutoffs: Qil <5,000; Oil and Gas 5,000-20,000; Gas > 20,000)
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Schematic Cross-section of the Anadarko Basin
Modified from Witt and others (1971).
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DIVISIONS OF GEOLOGIC TIME

Period

Age (approx.)
in millions of

Eon| Era Epoch years
Quaternary Hc_olocene 0.010

0 Plel.stocene 16
Pliocene 5

E _ Miocene >3
Tertiary Oligocene -

Eocene 57

Paleocene 65

Cretaceous IIE_Z:E/ 97

Q Late 146

E Jurassic Middle 157
178

e

Triassic Middle 235

' Early 241
. Late 245
Permian 256

E Early 290
g Pennsylvanian 303

o 311

323

Mississippian IIE_aa:E/ 345

Late 363

' Devonian Middle 377
386

% Early 409

E Silurian IIE_Z:E/ 424
Late 439

Ordovician Middle < e

Early 476

Late 213

Cambrian Middle 536

Early 570

Geologic Time Scale
Modified From Harland (1990) and Hansen (1991).
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Oil seep in Stanley Fm. (U.Miss) 20 miles south of McAlester. Photo by Jock Campbell.
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The Nellie Johnstone #1, drilled in 1897 just south of Bartlesville, established the first economic production in the State.
Photograph taken from Franks, 1980.
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Major* Oil Fielas in Oklahoma

* Cumulative production > 100 MMBO through 1/2/2000
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Major Oklahoma Oil Fields

(> 100 MMBO Recovery)
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Oklahoma Well Completion History

(All Wells)
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Average Oklahoma Crude Price
(Not Inflation Adjusted)

Year
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BOPD

5,000 4

Selected Oklahoma Qil Fields: Ten-Year Change in Production 1994-2003

(>500 MMBO Recovery or 4,000 BOPD)
From IHS Energy, 2004
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Barrels of oil per day

Postle Field Oil Production
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Oklahoma Crude Oil Production
(Including Condensate)

800,000 -

700,000 -

600,000

500,000 1

400,000

Bbls/Day

300,000

200000 -

100000 mmﬂr
ol

Year

Data From OK Corp Comm, 2007




Oklahoma’s Major Reservoir Classes

Blanket Sandstone (BS):
Carbonate Shelf (CS):

Fluvial-Dominated Deltaic (FDD):



Oklahoma Oil Production By Reservoir Class

Where reservoir recorded by operator

BS Reservoirs
17.5%

FDD Reservoirs
64.0%

CS Reservoirs
18.5%

BS - Blanket Sandstone
CS - Carbonate Shelf
FDD - Auvial-Dominated Deltaic Sandstone




Blanket Sandstone (BS)
Oil Creek Sandstone




RESERVOIR CLASS

SYSTEM | SERIES GROUP (BS) (CS) s
Elanket Carbonate | Fluvial-Dominated
Sandstone Shelf Deltaic Sandstone
Lecnardian
_ Sumner — Wichaa e
Y Chase
E Wollca
M|
T Wolfcampian | Council Grove m“:
Admire
Wabaunsee
Virgilian Shawneea
Douglas Torkawa Swastia
I Haaldion mgn—uﬂon
Wi ; Ochelata Lansing Hodsar
= issourian B i
2 Skiatook Burrs-Brurdage Medrano
= e | L oo e
i Marmaton Oswago L
E - . Fruse Senora
= Dezmoinesian ch K Skinrer Gibaon Dora
& grokes Red Fark Hart
Bartlesville Osborn  Beach
Atokan Atoka Gilcraane
Muskoges
Florroe Fayas
Mormowan
LI Linkan Yalley Cromwell Halky
= Springeran Springer
m L0 Tl T |
= Chester (Ark. Novaculite)
= Meramec
7] Meramec Sycamore
.E Dsage s C:al
=
[ Misener)
Devonian
Huniton
Silurian Hunton
Vicla Vicla
Ordovician Bromide WWiloox
Slmpson Tiilip Crdsak
MLT-LIR!‘I il Crm;lll-c
Arbuckle Arbuckle
Cambrian
Pre-
Cambrian




Carbonate Shelf (CS)
Hunton Limestone




RESERVOIR CLASS

SYSTEM | SERIES GROUP (BS) (CS) b
Blanket Carbonate | Fluvial-Dominated
Sandstone Shelf Deltaic Sandstone
Leonardian
= Sumner Forturna = Moble-Cilsen
-E Chase
E AR Wiolfca
. 1 mp
O Wolfcampian | Council Grove s
Admire
Vabaunsee
Virgilian Shawnee
Douglas Tonkawa Swastika
Healdion Osage-Layton
i ; Ochealata Lansing (e
= ISsouran Cavian “Wade
L. Skiatook Burrs-Brundage badranc
E Pismour Lime E'.Exﬂ.'.'"d "‘*'.'..’E.'.".E!‘H..
%1 Marmaton Oswego Doese
E . ) i Prusa Sancra
c Desmoinesian Ch K Skinrser Gibson Dora
a srokes Red Fork Hart
Bartlesville Osborm  Beoch
Atakan Aloka Gilcreass
Muskogee
Morrows Fayes
Mormowan o
Mo Union Valley | Granmaell Felly
= Springeran Springer
o Mannimng
=" Chester (Ark, Novaculite)
= Merames
8 Meramec Sycamore
o Osage
Jn Osa ge Mins, Chat
=
(Misener) N i
Devonian
Humton
Silurian Hunton
Viola Viola
Ordovician Hromide  Waleox | T
Simpsnn Tudip Crisak
Mclish Ol Cresk
Arbuckle Arbuckle

Cambrian

Pre-
Cambrian

e T IR IRy
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Fluvial Dominated Deltaic (FDD)
Hartshorne Sandstone




RESERVOIR CLASS

SYSTEM | SERIES GROUP (BS) (CS) b
Blanket Carbonate | Fluvial-Dominated
Sandstone Shelf Deltaic Sandstone
Lecnardian Sumner Wichita
- Fartuna Foble-Cisen
_E Chase
E | et el s ——————
= Weolfcampian | Council Grove E“*v"
Admire
Wabaunsee
Virgilian Shawnes
Douglas Tonkawa Swastika
I Heakdion Deage-Layton
i ; Oehelata Lansing T
= issourian T e ———— i
T Skiatook Burns-Brundage Medrars
= jisscusilie | Clavaiand ot
= Marmaton Cswago e o
o . _ Prue Sancra
c Desmoinesian Ch k S rurr Gibson Daora
a e Red Fark Hart
Bartleaville Osabofn Baach
Gikcraase
Atokan Atoka Muskoges
Morrow Hayes
Morrowan
Mﬂmw Limion ‘1"""}' Crocamwel| Kl‘.‘“}'
- Springeran Springer
m Manning
= Chester (Ark. Novaculite)
== Maramec
7 Meramec Sycamore
"o Osage
] Osage Miss. Chat
=
(Ml )
Devonian
Hunton
Silurian Hunton
Vicla ; viola
Ordovician Bromede  WilGox
Simpson Tuilip Cresak
MeoLish Ol Cresk
Arbuckle Arbuckie
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Pre-
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Depositional Environments In Idealized Tidal Delta
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Idealized Incised Valley
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Major Factors Impacting Recovery

Reservoir Complexity

Poor Reservoir Management
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Two Possible Oil Futures

Million Barrels / Year

250

200 +

150 +

100 -

50

Projected Oklahoma Oil Production Decline
(Through 2040)

0 3.0% Decline (Incremental)
0 4.5 % Decline
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Cumulative Production (1-1-2006): 14,745 MMB

Remaining Recoverable Reserves:

3.0% Decline - 1,238 MMB (203 MMBO Incremental Recovery)
4.5% Decline - 1,035 MMB
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Reservoir Class

BS

CS

FDD

Total

Oklahoma Original and Remaining Oil In-Place Volumes (MMBO) By Reservoir Class

% of Cum Prod

17.5%

18.5%

64.0%

100.0%

E.U.R. (Max)

2,806

2,949

10,245

16,000

(1-1-2006 Cum = 14,745)

Average Recovery Factor 1/RF% O0IP Rem OIP
44.1% 2.27 6,370 3,564
10.0% 10.00 29,490 26,541
21.2% 472 48,356 38,111
<<<< Aggregate 19.0% >>>> 84,216 68,216




Oklahoma's Oil Endowment
(In Billions of Barrels)

@ Oil Produced Through 1-2007
O Incremental Oil Through ~2040

@ Remaining Oil In-Place

b8.2 14.7

1.3

1%

Estimated Original Qil In-Place 84.2 BBO




Oklahoma Natural Gas




The Source of Oklahoma Coal

Wyoming
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Natural Gas Production in 1999
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Map of Oklahoma QOil and Gas Fields; Distinguished By GOR and Coalbed Methane Production. From Boyd (2002)

(GOR Cutoffs: Qil <5,000; Oil and Gas 5,000-20,000; Gas > 20,000)
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Major* Gas Fields of Oklahoma

From International Oil Scouts Assoc.
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Oklahoma Drilling Results 1970-2006

(Data from IHS Energy 4-2007)
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Oklahoma Gas Drilling & Price Since 1970

Drilling data from IHS Energy(4-2007) / Prices from O.C.C.
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Million cubic feet per day

Mocane Laverne Field Gas Production
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Cement Field Gas Production
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Some types of subsurface natural gas accumulations

Mon-conventional (cortinuous-type ) accumulation

OIL & GAS FIELD GAS FIELD

Conve ntional accumulations
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Oklahoma Coalbed Methane Production

(Estimates from Cardott, 2004 and IHS Energy)
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Oklahoma Gas Well Production Rates
(1999)
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Oklahoma Natural Gas Production
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MMCF/Day

Oklahoma Natural Gas Production
(From IHS Energy - Gas Wells Only)
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Oklahoma Proved Dry Gas Reserves

Year
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Oklahoma Gas Price Undervaluation Relative To Ol

(6 MCF/Barrel)
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Billion Cubic Feet

Working gas in underground storage compared with 5-year range

(From E.LA)
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Contributions To Oklahoma Gas and Oil Production Based on Well Age
(For January 2007)
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NYMEX Henry-Hub Natural Gas - 12 previous months
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Conclusions

OIL:

1) Undiscovered oil insignificant.

2) Improved recovery only source for significant new production.
3) Long-term prices should remain strong. (Global market)

4) Challenge is identifying enhancement opportunities.

GAS:

1) Will remain State’s primary energy resource.

2) Many sources of new production.

3) Price tied to weather. (Local market)

4)  Drilling activity key to maintaining production levels.

BOTH:
1) Price will determine volumes ultimately produced.
2) State/operator revenues dependent on price, not production rate.




Acknowledgements

IHS Energy Group

U.S. Department of Energy (E.1.A.)

Oklahoma Corporation Commission

Oklahoma Tax Commission

International Oil Scouts Association

Oil and Gas Journal




