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Phase lll Demonstration Tests
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Fort Nelson Carbon Capture and
Storage (CCS) Project
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Fort Nelson CCS in a Deep Saline
Formation
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Phase Ill Fort Nelson Goals

« Verify and validate the technical
and economic feasibility of using
brine-saturated carbonate
formations for large-scale
carbon dioxide (CO,) injection.

« Demonstrate that robust
monitoring, verification, and
accounting (MVA) of a brine-
saturated CO, sequestration
project can be conducted cost-
effectively.




Fort Nelson Gas Plant

 Fort Nelson Gas Plant

— 1 Bcf/d raw gas-processing
capacity — largest facility of its
kind in North America.

— Spectra Energy gathering and
processing assets are
strategically positioned in the
growing Horn River Basin,
processing both conventional
and unconventional shale gas
resources.

— The proposed Fort Nelson
CCS project is a potential
solution to mitigate CO,
emissions as shale gas
production grows.




Fort Nelson Site Geology
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Phase lll Fort Nelson = Current Status

« An exploration well was drilled spring 2009.
The well was reentered and additional logs
were collected in the winter drilling season
2009-2010.

« An additional well is planned for winter drilling
season 2010-2011.

« The PCOR Partnership has provided a
preliminary risk management plan (RMP),
and we are developing an integrated RMP,
modeling, and MVA program. ;



Samples Selected for Core 'Work

Spectra Energy

SECCS MILO c-61-E/94-J-10
Core 1 Box 4

Upper Muskwa

Top: 2031.20 m
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*MP = Mechanical Properties; **Cap Rock = Cap Rock Integrity Evaluation Test;
***MIPC = Mercury Injection Capillary Pressure Test
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Spectra Energy

SECCS MILO c-61-E/94-J-10
Core 6 Box 1

Middle Slave Point

Top: 2143.20 m
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Fort Nelson Geochemical Evaluation

(performed tasks)

* Mineralogical analysis

— Core cuttings were analyzed with x-ray
diffraction (XRD) and QEMSCAN.

» Laboratory tests

— Two sets of 12 samples from 6-foot-depth
intervals (1960-2200 m) were exposed to
pure CO, and sour gas in a high-pressure
and temperature chamber under reservoir
conditions.

— Mineralogical and fluid sample analysis of
reacted samples was performed.

* Numerical geochemical modeling:

— Results of the laboratory experiment are
evaluated and compared with the simple 2-D
homogeneous reservoir-scale numerical
modeling.




High-Pressure CO,—H,S Chamber

Experiments

Two scenarios were considered: pure CO, and

a mixture of CO, and H,S for Fort Nelson
sample cuttings from different depth intervals
(1960-2200 m)

CO, and H,S Pressure:
CO, Partial Pressure:
H,S Partial Pressure:

Temperature:

Mass of Sample:

Saturation Conditions:

Time of Exposure:
Depths Tested:

Sampling Interval:

2.1 MPa (3000 psi)
100 and 95 mole %
0 and 5 mole %

100 C (212 F)

349

(cuttings and
powdered)

Synthetic brine
NaCl, 10% by weight

4 weeks
1960-2,200 m

6 feet

13"

0125

25

Support Rack
(Cut)




Fort Nelson CCS: Characterization of Slave

Point and Sulphur Point Saline Reservoirs

* Required storage capability:
— Hydrogeology — supports capacity.
— Modeling >50-yr injection.
* Permeability and injection capability
— 300 mD + permealbility (in situ testing).
— Low number of injection wells required.
— Good pressure dissipation.
» Excellent containment:
— Stable tectonics.
— >1800 ft impervious shale cap rock.
— No leakage into lateral and top seals.

- POStinjeCtion - Iarge pressure falloff in Structure in 3D View Showing Layering
10 years and reduces to near | (Top seals are not displayed)
preinjection pressures in 40 years.




Fort Nelson — Next Steps

Develop commercial model
Drill second test well (approvals in place)
Perform 3-D seismic survey (approvals in place)

Complete geological, lab, geomechanical, and
geochemical analyses

Update geological and dynamic models
Update risk assessment
Design MVA

Commence CCS scheme approval process with British
Columbia Oil and Gas Commission

Potential to have project in service by 2014



Bell Creek EOR Project
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Bell Creek Flield

Discovered in 1955

Delta/channel
deposits in the
Muddy/Newcastle
Sandstone

High porosity/
permeability

15 x 3.5 miles
350 MMbbl OOIP

Planned CO,
Injection 2011-2025

Source: Encore

Reservoir Parameters:
- APl gravity: 33 41°API
- Depth: 4500°
- Flood Pressure: 2300 psi
- Temperature: 'IDBDF
- Porosity: average = 24%
- Permeability : average= 900 md
- (Gross Thickness: 25-30 feet
- Original Qil-In-Place: 350 MM barrels
- Remaining Qil-In-Place : 221 MM barrels
— Minimum Miscibility Pressure: 1250 — 1850 psi
- 40-acre spacing — 5-spot pattern

Bell Creek CO, injection will be
installed in multiple phases between
2011 and 2025



Depositional Setting

« Deposited as
channels, deltas,
and bars from
eroding Black Hills.

* The system has
been compared to
the Gulf Coast.
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PCOR Partnership Outreach Support

—_
ORES Plains CO, Reduction (PCOR) Partnership
Practical, Ei ion

» 65-page regional sequestration atlas P
» Fact sheets on key topics and projects -
« Avariety of PowerPoint presentations
* Public Web site with streaming and ! ,
. Partnership
downloadable materials o m«w@
« Sequestration documentaries (television g B
broadcasts, Web streaming, and DVDs) e
. . 4 SR
 Video clips L | T
cal TlarA'S
» Technical reports \

—
PCCR Plains CO
= Reduction (P‘C

3rd Edition



Zama Add-On Work

Cement integrity study s
— Cement bond integrity oy
— Basic casing corrosion and failure testing

— Dissolution rate of cement and increase in
cement permeability

« Static and dynamic modeling
 Acid gas-phase behavior and rock interactions
— Acid gas solubility in brine
— Acid gas molecular diffusion and reaction rate
studies
— CO,/H,S phase behavior
 VSP-type seismic survey and logging suites
 Continued MVA activities
— Fluid sampling
— Pressure sampling
— Tracer injection
— Fluid injection and production monitoring
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Phase Ill Status

We are moving ahead with both the Bell
Creek and the Fort Nelson demonstrations.
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Contact Informatlen "

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, North Dakota 58202-9018

World Wrde Web: www.undeerc.org

. Telephone No. (701) 777-5279 A
 Fax No (701) 777 5181 y (,L :?‘; \‘5
v AEd Steadman Aoy . w’?’ ’*';‘ |
: PCOR Partnershrp Program Manager ‘ Q
‘Senror Research Advisor
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Bell Creek CO, Project

« Constructing a CO, transport pipeline from
the Lost Cabin Gas Plant to the Bell Creek

Field.
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Experimental Results (2054 m)

Mineralogical Changes (XRD)
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Zama Continuation

e The Zama site Is ideal to continue research
activities for the following reasons:

— An excellent partnership with the field operator,
Apache Canada Ltd., exists.

— The unique geological setting with respect to the
Isolated nature and geometry of pinnacle reef
structures simplifies containment of injected gas.

— Injection of acid gas is ongoing and will continue as
an EOR scheme.

i The I|thology IS characteristic of much of the central
North Amprlca mcluqung theW|I||v ton and
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