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Two Medicine Cut Bank Sand Unit (TMCBSU)

Glacier & Pondera County, Montana - Blackfeet Reservation

GENERAL PRODUCTION INFORMATION

CANADA

o~
i U.5.G.S Geologic Province: North Central Montana

| Tectonic Province: Sweetgrass Arch, Foreland Basin,
Montana Disturbed Belt

S|
Pondera ﬁo;ﬁ_
No. of Fields: 170 discovered fields

Teton&%tea
-~ ~.ka [ Biackfoot Fisla 58 greater than 1 MMBO or 6 BCFG

89
: Darling BorderiRed Coulee
T —% gr— - —

Overall Production: 440 MMBO and 1.1 TCFG
from U.S.G.S. Play Production Province

Fields Within Reservation Boundaries - (1995 Cummulative Production)

1941 Reagan 9.3 MMBO, 15 MMcfd, 54 wells
Sunburst 1955 Two Medicine 9.3 MMBO, 15 MMcf, 54 wells
1926, 1929 Cutbank 167.3 MMBO, 317 MMcf
(est. 20% within boundary) 447 wells oll, 235 wells gas

PLAY TYPES ENCOUNTERED

Explanation

Conventional

1) Fractured/Folded Anticline Mississippian Carbonate Play (2807)

2) Jurassic-Cretacecus Sandstone Play (2808)

3) Mississippian/Devonian Carbonate Play (2805)

4) Montana Disturbed Belt-Imbricate Thrust Play (2701)
Unconventional or Hypothetical

5) Fractured Bakken (2804)
-} antcine s ‘ 6) Cambrian Sands (2802)

e 7) Shallow Biogenic Gas (2810, 2811, 2812)

—|— synciine

Qil and Gas from
Cretaceous Greenhorn

@, Oilor Gas from Cretaceous
Kootenai

Qil or Gas from Madison
[ Reservation Boundary

/L Structure on Top of Colorado Shale

¥ Thrust Fault
D4, Mormal Fault

" High angle Reverse Fault

Figure BF-2.1. General structure map of reservation and surrounding region.
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Geology & Reservoir Characteristics

*Reference: BLM Report 1996

Southwest extension of the larger Cut Bank field
Lower Cretaceous Cut Bank Sandstone

Monocline situated on the west side of the
Sweetgrass Hills Arch (dip west at ~100 ft/mile)

Primary trapping mechanism: permeability

Two sands identified:
Upper Sand (not productive)
Thickness: 0-38 ft

Lower Sand (oil bearing)
Thickness: 0-47 ft
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Geology & Reservoir Characteristics

*Reference: BLM Report 1996

Relatively clean, porous, heterogeneous sand Acreage’
with little to no clay content 1967: 137,494 acre-ft of oil bearing sand
Porosity: 0-18% (avg. 14.5%) 1976: 168,092 acre-ft (result of infill drilling)
BHP (1965): 480 psi
229 core samples from 13 of 114 wells (‘72): OOIP & Reserves Estimates:
Porosity (®): 12.7% (avg) OO0IPz: 627 bbls/acre-ft
Permeability (k): 44.6 mD (avg) = 105,390 Mbbls
Actual perm test results (k): 1mD to 897 mD .
Formation Water Saturation (S, ): 30% RF (w/water flood):  26% (164 bbls/acre-ft)
Irreducible Water Saturation (S): 25% = 27,567 Mbbls
Residual Oil Saturation (S,): 33% of pore vol. Primary RF: 7.7% (48 bbls/acre-ft)
(range: 29-38%) = 8,068 Mbbls
GOR: < 300 cf/bbl

" Ownership: Tribal 61.4%, Allotted 25%, Private 11.7%, Communitized 1.9%
2 Assuming: ®,,5 12.7%, S,, 30%, B, 1.1 res bbl/STB

Arkanova Two Medicine Cut Bank Sand Unit (TMCBSU) schlumhﬂpgep



Production History

*Reference: BLM Report 1996 & Arkanova 2008 Annual Report

Cum Production est.: 10.8 MM bbls of oil (Approx. 10% Recovery)
Estimated Remaining OIP: 94.590 MM bbls of oil

BLM estimated that an additional 16 -17 MM bbls of oil could be recovered with an active water flood.

Decline curve analysis of 71 wells) suggested a recovery of 250,000 bbls — 555,000 bbls.

|
= g i L N
Gustavson Associates (Aug '08): f%n’ Gt
Est. Net Reserves |
Reserve Category oil (bb) [ o e P : ; ﬁ i NT'“ )
i _ | AT | R '}L w“
|_S i * ‘.'
Proved Developed Producing (14 wells) 187,725 R
Proved Developed Non-Producing (15 wells) 90,979 ,\ A""““"n_.._qx,m_
Proved Undeveloped (1 well) 13,405 :
Total (30 wells) 292,109
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Phase 1: Data Acquisition

Obijective
Complete the IHS dataset for the TMCBSU (and immediate offset
wells, if available), with monthly per well production and injection
data from 1960-1986.

Deliverables
List of TMCBSU Wells, with collected & compiled information

Digital copies of collected production and injection data

Arkanova Two Medicine Cut Bank Sand Unit (TMCBSU) schlumhepgep



Phase 1: Workflow

Source

Format

Data

Preliminary
Database

Arkanova

IHS
(Public Database)

Electronic

PRD: 1983 - 2008
INJ: 1996 — 2008

(~40,400 records)

DNRC

(Department of Natural Resources
and Conservation, Montana)

Electronic & Hard Copies

PRD: 1960-1982
INJ:  1968-1986

(2.2 GB ~ 28,700 records)

OFM™ Database
(69,100 records)

NOTE: No QA/QC performed on dataset
Collection & Data Entry only

Well Files
(Arkanova Energy)
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OFM™ BaseMap

Phase 1 Results

535 completions

Database:

234 completions

Interest Area:
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TMCBSU Perforation Distribution
76 wells (3,600 — 3,000 ft)
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Monthly Production — IHS only
Limited information.

10°5 J = Water Injection ( bbl ) Wells Selected (234) |
1 Wells Selected (234)
7| = Liquid Production ( bbl )
Water Production ( bbl )
1| —— Gas Production ( Mcf )
0 10°
10° e 10 ‘N i
| 1 mi 1 | i
! L ATe A
10 10°
10 10°
0 Proc_juctlon | Injection
- Begin: 6/1/1983 ' Begin: 10/1/1996
| End: 6/1/2008 I End: 7/1/2008
ot L ,
s L L L L L L
1965 67 69 71 73 75 77 79 81 83 85 8 8 91 93 95 97 99 01 03 05 07 1965 67 69 71 73 75 77 79 81 83 85 8 89 91 93 95 97 99 01 03 05 07

Date Date
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Monthly Production - IHS & DNRC data

- Water Injecti lected (234) |
1 Wells Selected (234) \ i
17 Wt Praueton (o) s ] S
Gas Prodl{ition(‘l\/lc‘f)‘ IHS Data : I |
10° /’7 WT\\\; hay 10’ J Lias / §
( ISESE AP IHS Data
- / | | et ™N
* 4 IS LSS, B ’ DNRC 1 WM .|
H WA ; R Hard Copies \
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- Production ] 10': Injection
| Begin: 2/1/1968  End: 10/1/1978 i | Begin: 1/1/1968 ~ End:  12/1/1974
fiopegn: liioee o it | " Begin: 1/1/1978 End: 9/1/1986
V\He\g\\.HHHHHHHHHM\HHHHHHH( | Begin: 10/1/1996 End: ~ 7/1/2008
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Monthly and Lease Production

IHS & DNRC data

Water Injecti lected (234) |
1
|
/ IHS Data |
~ 1
™N
DNRC { T
Hard Copies \
—

njection Da

E DNRC
Lease Hard Copies e o b aaustion (bbl)
Production g ;LH " e procuaton (Mt
| '4 MM \ *  Field_Monthly_Oil ( bbl )
) REY I \ Field_Monthly_Water ( bbl )
10 H
A S AR
ﬁ \ N L | |
#d
) SE2SH Bt Lem
\ 7 X S - 8
\ ly i
; | /
104 il ™N
I 1] i
IHS Data
10"
Production Data
\HHHHHHHHHH
NERERREREER
1 Cumulative Fdes |ncI Lease Production:
I oil_cum: 9079.6 Mbbl
T Water_Cum: 24281.3 Mbbl
A 4 R R H

[ | |

T T T
1960 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96
Date

T
98 2000 02 04 06 08

NOTE: Lease Production needs to be validated

Date
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Production and Injection Data
(IHS & DNRC data)
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Cumulative Oil Production

Oil_Cum:  7653.4 Mbbl Waterlnj_Cum: 51956.8 Mbbl

Water_Cum:  24213.7 Mbbl
Gas_Cum: 2.1 MMCF

10°

N

™

R

Wells Selected (234)
Cumulative Oil Production ( Mbbl )
Cumulative Water Production ( Mbbl )

|
10 = Cumulative Gas Production ( MMcf )
f ——— Winj.Cum (bbl
1
10° T e |
1968 70 72 74 76 78 80 82 84 8 88 90 92 94 96 98 2000 02 04 06 08 N T ;“ *

1 1 . A
Date ‘.Cumulative Oil Production ( Mbbl ) ‘

N
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Cumulative Water Production & Injection

Water Injection

Water Production
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Phase 2
The Way Forward
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Typical PET Workflow

Yes
¥

Conclusions & Recommendations
-Opportunities List

-Candidate Selection

-Production Enhancement Method
(stimulation, artificial lift, sand control)

¥

Final Report
Informed Decision Report (IDR)

o~
Arkanova
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Phase 2

QA/QC current Dataset
Validate OFM™/Access Database

Preliminary (PET) Review of TMCBSU

Review field/well potential

|dentify Opportunities (best production areas/wells)
Recommend wells for restoring production / to stimulate etc.
Review requirements for reinstating waterflood

Recommend action items for longer term reserve recovery

Deliverable: Report & Presentation on Findings and Recommendations

Arkanova Two Medicine Cut Bank Sand Unit (TMCBSU) scmllmnﬂl'gel'



Consulting Services Workflow

WesternGeco

* Seismic Cube/Line
» Seismic Gathers

» Seismic Velocities
* Q Seismic

Well Services [ |
* Well Design
* Fracture design

* Micro-seismic

Real Time

* Seismic while drilling
* Well placement

* Sonic

Wireline Logs

* Dipole Sonic, RhoB
» Geology / Reservoir
* Borehole Seismic |

Reservoir Seismic

/

Physicists

Seismic Interpretation

Geology /
Petrophysics

=i

i
i

a3

S
H

LIk

—
¥
ey

Petrophysicists

Rock

Client / Schlumberger
Collaboration

Production

Geophysicists

Inversion
Specialists

Engineers Reservoir Geologists

|

Basin Exploration

Hydrocarbon Systems
Basin Analysis

+ Production / Engineers
Solutions h_ ‘ \
Production | Reservoir
Enhancement Field Simulation
Development

Ll
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Thank you.
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