Using Carbon Dioxide for Enhanced
Recovery
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What Is Enhanced Recovery?

82-11-101 (6) "Enhanced recovery" means the iricrezisec recovery
pool achieved by zrtificizl rnezarns or by the application of energ
to the pool; such artificial means or application includes press
cycling, pressure maintenance, or irjjectior into the pool
or form of energy as is contemplated in secondary rec
programs but does not include the injection in a w
form of energy for the sole purpose of aiding ir
well or stimulating of the reservoir at or ne
chemical, thermal, or explosive mean
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Where has CO2 flooding been used?

* The first CO2 flood took place in 1972 in Scurr
Texas.

e CO2 floods have been used successfull
Permian Basin, as well as in Louisia
Wyoming, Oklahoma, Colorado,
states.
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l When CO2 is injected into a reservoir above its minimum
. miscibility pressure (a miscible flood), the gas acts as a
4t solvent. The CO2 picks up lighter hydrocarbon components,
' swelling the total volume of oil and reducing the oil's viscosity
% so that it flows more easily.




Because gas can move through a reservoir more easily than oll,
there is always a danger that the CO2 will find a "quick-exit" and
break through, leaving oil behind. To prevent this, water flooding is
often alternated with CO2 flooding in a WAG (water alternating
gas) scheme
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Factors for Successful CO2 Proj

To be an effective solvent, CO2 must flow throug

minimum miscibility pressure (MMP). This means tha
greater than 2,500

CO2 is most effective with light cr



Current CO, Sources & Pipelines
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Wyoming

« Anadarko’s Pipeline into Powder River Basin

—125 miles,16 inch, 290 MMCED,max capacity.

—2006 average volume: 50 MMCFD (peLak_L'(ngm
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Salt Creek Field — Performance

100,000 1,000,000
Current Rates

7,500 BOPD (Total)
4,300 BOPD (CO2 Flood)
140 MMCFD CO2 Injection

21,000, BOPD

*-

100,000

Gross Oil (BOPD)

(a42wW) uonoalu) zoo

Qil - historic

Oll - forecast

CO2 Inject - historic
CO2 Inject - forecast

Secondary - Waterflood | _ Tertiary - CO2 Flood

1,000 =
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030




Salt Creek Field ‘ B

Discovered late 1800’s '..E
OOIP 1,680 MMBO _
Cumulative production 655 MMBO |
First CO, injection Jan 2004 _ 1
Expect to recover 10-15% OOIP i ' j /
Sequester 490 BCF CO,
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CO, Pipeline

MANITOBA

NORTH DAKOTA

J Bismarck

(O POTENTIAL Co2 PIPELINE TAPS
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205 miles

14” and 12” carbon
steel pipe

MAOP 2700 psig
& 2964 psig

Strategically routed
through Williston
Basin olil fields




Weyburn CO, Project-Forecast
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14 Lurgi Mark IV Gasifiers

Typical
Lignite Analysis

« 37% Moisture

« 6% Ash

« 27% Volatile Matter
« 30% Fixed Carbon
« 7000 BTU/Ib

TO BOILER

GASIFIER

Typical Raw
Gas Analysis

+ 39% Hydrogen

« 32% CO,

+ 15% CO

* 12% Methane

» 0.8% C,+

* 0.7% H,S

« 315 BTU/scf (HHV)




CO, Compressors

' 55 million scf per day each
l « 2700 psig discharge pressure
o ! G50 g4 IN B B R




 DGC Product CO2:

CO2 Quality for - -100°F Dew Point
Enhanced Recovery

- 96.8% Carbon Dioxide

- 1.1% Hydrogen Sulfide
1.0% Ethane
0.3% Methane
0.8%

1 I

Synthetic reservoir fluid A
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Correlation for COz Minimum Pressure as a Function of Temperature
(Mungan, M., Carbon Dioxide Flooding Fundamentals, 1981)
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CO2 EOR Potential Ol
Reserves & CO2 Demand

EOR-MMB CO2-BCF
Texas 3,437 32,651
Oklahoma 305 2,633
California 174 1,735
New Mexico 140 1,521
Colorado 186 1,510
Kansas 181 1,449
Utah 147 1,316
Wyoming 114 1,173
Montana 140 1,110
lllinois 57 513
Florida 65 435
Louisiana 34 369
Mississippi 23 288
Arkansas 20 132
Nebraska 8 80
N. Dakota 10 78
Michigan 1 15
TOTAL 5,042 47,008

Kinder Morgan CO2
Company, L.P.,

from The American Oil
& Gas Reporter, 2001



Protecting Dnnking Water
Through Underground
Injection Control

a‘ - e EPA Eﬁﬁ%ﬁﬁ Protection




UIC Historical Timeline
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EPA Injection Well Classification System

Approximate

Well Class Injection Well Description Inventory

Class | — Inject hazardous wastes beneath the lowermost USDW 500
— Inject industrial non-hazardous liquid beneath the lowermost USDW
— Inject municipal wastewater beneath the lowermost USDW

Class I — Dispose of fluids associated with the production of oil and natural gas 147,000
— Inject fluids for enhanced oll recovery
— Inject liquid hydrocarbons for storage

Class Il Inject fluids for the extraction of minerals 17,000

Class IV Inject hazardous or radioactive waste into or above a USDW. This activity 40 sites
is Banned. These wells can only inject as part of an authorized cleanup

Class V Wells not included in the other classes. Inject non-hazardous Range from
liquid into or above a USDW. >500,000 to

>685,000




Class Il Program Description

Purpose:

Regulate and manage safe injection of fluid brought to the surface In
connection with oil and gas related production, or for enhanced
recovery of oil or natural gas, or liquid hydrocarbon storage.

Examples of Fluids:

* Produced high salinity brine

e Crude oll (for storage)

e Polymers and viscosifiers for enhanced recovery wells
e Drilling fluids and muds

Protective Requirements:

Construction and siting

e (Cased and cemented to prevent movement of fluids into USDWs

e (Construction and design of well (casing, tubing, and packer)
varies



Class Il Program (continued).

Monitoring and testing
 |Internal/External MIT
 Periodic monitoring and reporting

Recordkeeping and Reporting

 Plan for safe plugging and abandoning of wells, including
demonstration of financial responsibility

Regulatory Citations:

« 40 CFR 144 General Provisions
« 40 CFR 146 General Provisions
« 40 CFR 146.21 to 146.24



Agencies Responsible for
Implementing the UIC Program

() INDIAN TRIBES

() PUERTO RICO

o, " P . @ VRGIN IsL.

[ ] State Underground Injection [] EPAUIC Program ] EPA and State share
Control {UIC) Program (10 States, 2 Termr., D.C., responsibility (7 States)
(33 States and 3 Territories) and all Indian Tribes)



Enhanced Recovery of Oil or Natural Gas through
Injection is covered by MBOGC'’s primacy dele
and its existing Statutes and regulations

*Geologic Sequestration through CO2 inj
covered under EPA’s March 2007
be regulated as an experimenta
Class V Program

Montana does not hav
wells



A site that 1s deemed to be appropriate for pilot CO, injection may not necessarily meet future
requirements for commercial-scale operations. Therefore. owners or operators intending to
eventually expand their pilot projects to commercial-scale operations should understand that
additional UIC requirements may apply to the project after conversion to commercial operation.

-EPA, UIC Program Guidance #83 (March 2007)



Finally

CO2 is a valuable commodity for enhancing the recover
of oil and natural gas and some (but maybe not all)
Infrastructure costs can be carried by successful

Regulatory structure for enhanced oil and g
IS mature and functional

Regulatory structure currently propo
carbon capture and storage by
elements of appropriate sitin
monitoring, ownership ri
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