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Stratigraphy - Known & Potential Source Rocks
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Overview of Regidnal Geology
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Arctic Alaska Generalized Potential for Oil and Gas
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Source Rock & Hydrocarbon Characterization

Synthesizing a decade of organic
geochemical analyses and integrate with

regiona”geologic, data

Characterization of.hydrocarbon
occurrences



Reservoir Quality 1



Reservoir quality studies

Continued sampling for porosity and permeability
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Correlation of reservoir quality with depiositiortal environment, petrology, and

diagenesis

Fracture analysis and reservoir characteristics
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Gates of the Arctic National Park
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Regional Burlal and Exhumation Hlstory of the
Southern CoIV|IIe Basin N
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Building balanced structural cross sections

Fission track data confirm zone of low thermal maturity
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Constraining timing of key events affecting petroleum system
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Oil and Gas Trapping
Mechanisms



Kavik River
Gas Field
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SeismiC Interpretation
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Composite seismic transect west of Canning River, North Slope, Alaska
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Known Reserves
Unit & Gas Reserves (BCF)

Prudhoe Bay 24,526
Pt. Thomson 8,000
Pt. Mcintyre 1,526
Kuparuk River 1,150
Duck Island 843
North Star 450
Colville River 400
Barrow-Walakpa 34
Milne Point 14
TOTAL 35,417

Data from AK-DOG Annual 2006 Rpt.

1 Other Known Accumulations

Possible Gas Reserves (BCF)

I Onshore
1 Gubik 600
| Kavik 115
1 Square Lake 58
I Meade 20
| Umiat ]
I East Umiat
1 East Kurupa 6
I Kemik ,
1 Wolf Creek ?
Offshore - OCS

LW L v 3

a
f Sandp” T

Data from Thomas etai, 1996 (DOE)

Craig & Sherwood, 2004 (MMS)
Bird, pens, comm., 2008 (USGS)



Alpine Play in NPRA - More Gas than Oil??7?
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Burger Prospect
FG_R m RES
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Nanushuk Fm.

36ft gaspay ° " "™
f BURGER CONDITIONAL* DISCOVERED RESOURCES-YEAR 2000
Pool Area Gas Resources (Tcf) Condensate] (Mmh)
Fill Model (Acres) F95 Mean FO5 F95 Mean F05
Minimum 52,516 2.389 7.629 17.256 107 393 925
Most 97,545 4.335 14.038 31.384 203 724 1.700
Likel
Maxi%wm 189,803 8.496 21.472 63.210 371 1.404 3.370

presence (0.90) and sufficient (>10%) porosity for productive reservoir formation (0.75) yield an overall
geologic chance of success of 0.675 for Burger pool discovered resources. Risked mean gas resources for the
2000 assessment would then be: 5.150 tcf (minimum case): 9.476 tcf (most likely case): and 18.544 tcf
(maximum case). Risked mean NGL liquid resources for 2000 would be: 265 nunbo (minimum case); 489

mmbo (most likelv case); and 948 mmbo (maximum case).
"1 - -
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Assessment Methodology - Geologic Basis
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Potential for Undiscovered Petroleum in Arctic Alaska

Mean Estimates of Undiscovered, Conventional
Natural Gas in. .rctic Alaska
(trillion cubic feet)

Non-
Associated Associated Total iéeBgesources)
Gas Gas Gas ToF
Onshore & State Offshore Areas (USGS estimates)
NPRA 61.35 11.68 73.03
Central North Slope 03.32) 4.20 37.52
ANWR, 1002 Area 3.84 4.76 8.60
Subtotal 98.51 20.64 119.15

sill

«mmmmsii mm |aMBMMBiaaiUMauMb

Chukchi Shelf
Beaufort Shelf

Subtotal

11gas liquids
®associated gas

gas only



ates of Gas Accumulation Sizes

EH Fos
H Mean
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Number of N.A. Gas Accumulations

N.A. Gas Accumulation Size Class (billion cubic feet)



Economic Analysis Simulates
Exploration and Development

Assessment Area
Resources allocated to subareas |subarea 1

TAPS
Connection

Regional pipeline

TAPS
to Valdez

Exploration simulation discovers largest
accumulation nearest to infrastructure

Accumulation devel if economi
ccumulation developed if economic .o 5

Large accumulation supports development
of smaller accumulations and progressive
exploration steps farther from infrastructure

no accumulation

of sufficient size

“discovered" in
this subarea

subarea 2



Economic Analysis based on Three Sub-Areas
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Exploration

Geology & Geophysics
Explogr]gtion Drﬁli%g (including all preparation & mobilization)

ssABIAWRITIrction of production pigs « m

Developmeii | | T
. Construction of processing facilities ~ e

Production N
All operational costs
Abandonment costs
e Transportation ;»
New pipelines front fields to gas-processing plant near Il
Pipeline tariffto market in lower-48

e, Taxes
\ All applicable Federal and State

e Return on Investment
. - S ’
12% rate of return

v
Ahalysis conducted in 2005 using 2003 dollars & costs

. "oe * %



Central North Slope Economically Recoverable Gas

Market Price @& per MCF)

Undiscovered, Non-Associated Natural Gas Resources

83% of Technically Recoverable Gas

Fg5

Economrcally

Marker F?trﬁﬁ)arrecru ic fe(\r’e%E

( S¢.2 Sc3
2 0 0
3 0 0
4 10.9 9.6
5 199 127
6 237 172
7 252 210
8 262 226
9 271 241

10 27.6 25.2

Based on mean
estimates of technically
recoverable oil resources

__Scenario 1 - No Gas Market

Scenario 2: Gas Market with 10- yr Delay

Scenario 3: Gas Market with 20- yr Delay
w1l i oy — Tiv 1lmm'mil

40 50

Gas Volume (trillions of cubic feet)



Conventional and “Unconventional” Accumulations

Conventional
structural gas
accumulation

4  Continuous
chalk or shale
oil accumulation
Continuous
chalk or shale gas
accumulation

Land surface

Coalbed gas

Tens of miles

Prudhoe Bay

Conventional
structural oil >
accumulation

il Generation Window
Gas Generation Window

Continuous
basin-centered
gas accumulation



Undiscovered, .. .. Gas Resources of the U.S.
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Arctic Alaska Exploration Maturity
. Prospective area onshore & offshore shelves - 150,000 mi2(-400,000 kmZg

* Fewer than 500 exploration wells (red dots) T

Arctic Alaska Exploration Well Density ~3 wells/1,000 nil

Burger

zs.pJoniilori YJoll

{MtijzJJIs/'tUO Lr/n]

Wyoming natural gas (EIA data):
Cumulative Production 21 TCF (1981-2006)

Proved Reserves ~24 TCF (2006)

RISy

Entire state of Wyoming -100,000 mi2(-250,000 km 2
Petroleum-prospective area -75,000 mi2(-250,000 km?2

-19,371 exploration wells



Wyoming —Ten Largest Gas Fields
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Unconventional” Gas Resources (continuous resources)

Coalbed
Gas

Overpressured,
Basin-centered Gas

Chukchi S«a

Gas <amm
Hydrates

Chukchi Sum



Overpressured Natural . as in the Colville Basin
Brookian strata (Torok & Fortress Mouhtain Formations)

Potential reservoirs mostfy low-permeability sandstone
Shale reservoirs possible

<« Thick interval of high overpressure AR C
© Thick interval of moderate overpressure

® Thin interval of moderate overpressure

= No overpressure

Chukchi Sea " . 100:1000m

\ <100m
NPRA

Is this a “low-permeability basin-centered gas accumulation” ?



Overpressured Natural Gas in the Colville Basin

Beaufortian Strata (Kingak Shale) - mmam

Potential reservoirs mostly shale - v
Low-perm sandstone reservoirs possible n

rll ee>T'H

m S»IQm |
V.oV

Lin* ot croft aactwn

Is this a “low-permeability basin-centered gas  simicin loation |

Exploration »*"



Overpressured Natural Gas in the Colville Basin
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North Slope, AK

. USGS »ex05U m.E.
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existing nfrastructure (~10's of Tefn place)
Arctc sandstones away from infrastructure (1005 of Tefm place)
Deew-water sandstones (~1000s of Tefn place)
01-Sandstong marine reservoirs with permeanilty (Unknown|
Massive suricil and shallow nodular hydrat (unknown)
M%%ng [ swows W|tr5||m|ted ermeabiity

063 Crin place

e increasing in-place
e decreasing reservoir quality

e decreasing confidence in
resource estimates

e increasing technical

challenges and likely
riprrppcinn % rprnvprahlp



Gas Hydrates
Northern Alaska Zone of Potential Hydrate Stability

Chukchi Sea 1004000 m

<100 m



Known Gas Hydrate Accumulations
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