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Alaska Resource Assessments?®™

- Federal Estimates - Undiscovered,
Technically Recoverable -

Mean Oil Estimate Mean Gas Estimate

Region (Million Barrels) (Billion Cubic Feet)

Onshore Arctic 15,908 98,960
Offshore Arctic 23,750 108,180
zgrflf/rggrrtiglilsgslssessed) 234 2,041
Upper Cook Inlet 599 19,037
Other Southern Alaska 2,859 23,458
TOTAL 43 BBO 255 TCF

~NExcludes shale oil, shale gas, methane hydrates, and most coal bed methane 2



Sedimentary Basins - Petroleum Systems
Reserves - Resource Estimates

e Petroleum Systems —necessary components
0 High organic source rock & maturity
o Migration pathway
0 Reservoir quality rock - sandstones, porosity, permeability
0 Sealing Rock (or ‘cap rock’)
o Trap

e Reserves VvS. Resource Estimates



Sedimentary Basins & Petroleum Geology

1. Source
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North Slope Petroleum Systems

3 prolific source rock intervals

Age  Ma Oil & Gas Petroleum Petroleum Plays
1 *
Accumulations Systems Mostly Mostly
Cenozoic 5 Kuvlum, Hammerhead (SOUFCG rocks) Stratlgraphlc Structural
< Ugnu, Badami. Sourdough
* 65 W. Sak, Schrader Bluff, Nikaitchuk. c
Orion, Polaris, Tabasco n
0]
O 96 Tam, Meitwater 1
on Umiat, Fish Creek, Simpson 2
oM Gublik, E limiat, S?llJ(are La(l;e, Hue (GRZ) -
WolfCi . O ik, M
Cretaceous olfCreek. Oumaiik, Meade Pebble Shale
Nanugq - Torok
Pt Thomson, Kuparuk, Pt Mcintyre, (O'I Source)
Milne Pt, Fiord (Kuparuk), Niakuk
Burger, Walakpa c
. ret.
___________________ 144 Alplne, Looko-ut, Spark, Rendezvous ©
Fiord (Nechelik) Kingak - U Jur.
Jurassic Blankenship 30
. (oil source) 1- L Jur.
208- South Barrow, East Barrow
Kemik £] Shublik - Otuk Sag River L
i i ™ oil source
< Triassic Prudhoe Bay, Northstar, Raven ( )
on 245 Sandpiper, Kavik C Sadlerochit £
uJ - i
S Permian &  Echooka
286- Lisbume . E
60 Penn. Lisburne (Kuna) ‘
uJ -320- o (oil source) &  Lisburne
-1 Endicott, Liberty ]
-1 Mississippian Endicott Ui ‘
uJ (Kekiktuk) Endicott
.................... 360— (gas source)
*Qil accumulations (roman)
. Pre T Gas accumulations (italics)
Mississippian
Rock Column I] Nonmarine Marine slope & basin Carbonates Granite
Legend Marine Shelf Q Condensed marine shale O Metasedimentary O Hiatus or erosion

Modified by Alaska Division of Oil and Gas staff from Ken Bird and David Houseknecht (U.S. Geological Survey), personal communication, 2002




West-East Seismic Transect
Western NPRA-Colville River-Canning River/ANWR

NPRA > < State Lands

Composite regional seismic transect of the Colville foreland basin, western NPRAto Canning River, North Slope, Alaska

pld, Alaska Division of Oil and Ga.;

Eastward progradation of Brookian clinoforms drives source
rock burial and maturation, -no - 50 Ma



Colville Basin Stratigraphy
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Merging Surface and Subsurface Data prudhoe

/ Bay
NPRA

Brookian Sequence Stratigraphic Correlation Section, Umiat Field to Milne Point Field, West-central North Slope, Alaska
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North Slope Regional Geology

dfl . 10 Alaska Dept, of Natural Resources, Division of Oil & Gas
mHI



Schematic Geologic Cross Section
Central North Slope - Barrow Arch Province
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USGS Assessment Methodology —Geologic Basis
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Undiscovered Mean Field Size Distributions - USGS

State Land assessment area.:

~1 undiscovered oil accumulation
> 250 MMBO recoverable.

~ 2 undiscovered gas accumulations
>1.5 TCF recoverable.

W28 128 2% 512-
512 1024

JAQAS NMLLUMG-BARES SIZE CLASS, IN BILLIONS OF CUBIC FEET



Current Federal Assessments

Arctic Alaska Undiscovered, Technically Recoverable

Conventional Oil and Gas

Region and Assessment Segment

North Slope Onshore & State Waters'

Central North Slope Al &Lsxoasdges

NG &N\bv-assodated ges
Nat'f Petrol Reserve Alaska on&Assoiaed ges

NG &N\bassadated ges
ANWR coastal plain2 N &Lssdiatedges

NG &N\bv-assodated ges

total - North Slope Orshore

Arctic Alaska Outer Continental Slielf (OCS)

Chukchi She f oan&angss
Beatfort Shelf oan&angss
Hope Basin an&angss

total - Arctic OCS (offshore)

TOTAL - Arctic Alaska

Oil, MMSTB

(ni lion stock tank barrels)

Probabilty Distribution

F95
2,565

2,317
412

6,030

14

Mean
3,984
473
895
10,360
190
15,903

15,380
8,224
150
23,754

39,662

FQ5
5,854
-3

40,075
23,235

600
53,170

Gas, BCF

(bil'icn cibic feet)

Probabilty Distribution

F95
2,681
23,939

10,316
649

27,830

Mean
4,190
33,318

52,839
4,764
3,841

98,960

76,772
27,645
3,770
108,187

207,147

FQ5
6,092
44,873

10,852

209,527
72,178
14,980

247,190

-J



USGS Circum-Arctic Resource Appraisal

Undiscovered, technically recoverable oil

Arctic Alaska Oil + NGL
30 BBO + 6 BBNGL mean

| I Area not quantitatively assessed
| I Areaof low petroleum potential



USGS Circum-Arctic Resource Appraisal

Undiscovered, technically recoverable gas

Arctic Alaska Gas
221TCF mean

UNDISCOVERED GAS
(trillion cubic feet)

I | >100
| | 6-100
I | <6
| | Area not quantitatively assessed
180- | | Areaof low petroleum potential



Conventional Liquid (Oil and NGL)
Endowment for Eight Regions

1,600
AAPG Mem. 86
1,400 Undiscovered
Conventional
w 1,200 Allocated Reserve
0 Growth
m
m -
1,000 Remaining
Reserves
Cumulative
Production
mm Arctic Alaska Undiscovered
Il / Technically Recoverable
m 1 WW?
n
EM
- id @ 3 <4) @) (©) ) )
3 l'% Former Middle East Asia Pacific Europe North Central and Sub-Saharan South Asia
Soviet Union and North America South Africa and {includes all
Africa (ind. U.S.) America Antarctica legend

Circum Arctic Resource Appraisal, 2008 REGION categories)



Conventional Natural Gas
Endowment For Eight Regions

6,000
AAPG Mem. 86
Undiscovered
5,000 I:' Resources
. Allocated Reserve
Growth
I:' Remaining
Reserves
Cumulative
H B ;
L] Production
3,000 K« » .
, Arctic Alaska Undiscovered
m i .
m m Technically Recoverable
2,000 S — M 8
MI Arctic Alaska Gas Reserves
1,000 . '
H =
4 (5) & (?) (8)
n Middle East Asia Pacific Europe North Central and Sub-Saharan South Asia
Soviet Union and North America South Africa and (includes all
Africa (incl. U.S.) America Antarctica legend

Arctic Resource Appraisal, 2008 categories)



Undiscovered Oil Potential in Arctic Alaska

The North Slope region contains more than 1s0,000 Square miles of land with high oil and gas potential. The ?reen ovals reloresent the latest
statistical estimates for technically recoverable conventional oil as determined by Federal agenmes. These estimates do not include unconventional
resource plays such as shale oil and have not been screened for economics. Small dots are locations of historic exploration wells.

* r 154 r g9

ece® 2.3 ‘
B Mty 04-
c'f'0 L 2322 JBeO.fOFtSea

Beaufort Sea Areawide

ASRC

ANWR1002
b m !
ANWR
Noatak
Gates of the Arctic
-OCS estimates includes crude oil & natural gas liquids Statistical Estimates for Technically Recoverable
- Data from MMS 2006; Alaska OCS assessment { "fliterro \ Undiscovered Conventional Oil in Arctic Alaska
- Onshore includes crude oil only Billions of Barrels

- Data from USGS assessments, 1999 -2011 \ * Does notinclude estimates ofshale oil plays



Petroleum Reserves & Resource Definitions

Project Maturity
PRODUCTION Sub-classes

On Production

~+

fiE. 0 Approved for
. g RESERVES Development
LU E
> = 8 L <
% Justified for o]
c Development 0
E
a Development Pending (E)
o (0]
%3 CONTINGENT Development Unclarified
3 2 RESOURCES or On Hold %>
it 8l Development g
2 .
gc i not Viable
v} 03
01 UNRECOVERABLE c
. 5
0 N Prospect g?
8 PROSPECTIVE 8
£ RESOURCES Lead
- Play
O]
3 UNRECOVERABLE

Not to scale

Range of Uncertainty
- >

from: spe, aapg, seg, spee, &wpc; Guidelines for Application of Petroleum Resources Management System, 2011



The Resource Development Chain
Development

Alaska Division of
Geological &

222222

Geology



Northern Alaska Reserves and Resources

Presentation Outline

m Production to date

B Reserves Estimates

m Discovered Resources

m Undiscovered Resources

m Unconventional Resource Potential



Ql Production History by Unit
North Slope fields

2,500,000
2,000,000

1,500,000

foi oepdgy 8FPO

1,000,000

500,000

8

Alaska Division of Oil and Gas



Cumulative Ql Production by Unit
North Slope fields

Barrels, bbl

Alaska Division of Oil and Gas



Alaska Crude Oil Proved Reserves

Energy Information Administration, latest available data (2010)



North Slope Ql Decline and Reserves
Estimates and Sensitivities (Preliminary)

Remaining calculated North Slope oil reserves based upon
average annual decline rates from 5.17% to 7.43%:

-2.05 -3.24 Billion barrels remaining reserves
Assumes a minimum TAPS flow rate of 100,000 barrels per day

Potential impact of average rate of decline as above:

-1.19 Billion barrels recoverable reserves

Potential range of impact of changing TAPS minimum
throughput by +/- 30% (70K, 100K, 130K barrels per day)
for the above decline cases™:

- For the high decline rate (7.43%) case the absolute

-282 to 412 Million barrels (T mmbT QdieD s rae"

For the low decline case (5.19%) the absolute range is

L. . 412 MMBO
Alaska Division of Oil and Gas, Jan 2013



North Slope Oil + NGL Production

Forecast based on decline rate since 1988

Cum Oil + NGL Produced (Mstb)

Forecasted rate based on
5.19% average annual
production decline since
peak production (~2.1
MMBO) in 1988

Oil + NGL Ave. Daily Rate (stb/d) Production hits

100K bbl/d TAPS
limit in year 2045

100,000 bbl/d TAPS lower Limit

Approximately 3.24
billion barrels
remaining reserves

Rate Stream CDOIl_Ngl Forecast Decline 5.19% Forecast Years 32.8

Cum Stream CumOil_Ngl Beginning Date 12/1/2012 00:00 Cumulative, STB 16846879770

Fit Type Exponential, 0 Begining Rate, STBD 571645 Remaining, STB 3235264159 Alaska Division of Oil and Gas, Jan 2013
Fit Decline 5.19% Ending Date 9/30/2045 00:29 Ultimate, STB 20082143929

1 Forecast Type Exponential, 0 Ending Rate, STBD 99252



North Slope Oil + NGL Production

Forecast based on decline rate since 2002

Rate Stream
Cum Stream
Fit Type

Fit Decline
Forecast Type

Cum Oil + NGL Produced (Msth)

2 Daily Rate (stbh/d)

100,000 bbl/d TAPS lower Limit

CDOil_Ngl Forecast Decline

CumOil_Ngl Beginning Date
Exponential, 0  Begining Rate, STBD
6.42 % Ending Date

Exponential, 0  Ending Rate, STBD

6.42 % Forecast Years
12/1/2012 00:00 Cumulative,STB
538773 Remaining, STB

4/16/2038 07:59 Ultimate, STB
99971

Forecasted 6.42%
average annual
production decline

rate

zjz ji -~rn n r-JT IiE T -
Production hits 100K

bbl/d TAPS limit in
year 2038

Approximately 2.41
billion barrels
remaining reserves

25.4
16846879770
2414209357

192610891 *Alosko Division of Oil and Gas, Jan 2013



North Slope Oill + NGL Production

Forecast based on decline rate since 2009

1x10

Rate Stream
Cum Stream
Fit Type

Fit Decline
Forecast Type

Cum Oil + NGL Produced (Mstb)

Oil +NGL Ave. Daily Rate (stb/d)

CDOil_Ngl
CumOil_Ngl
Exponential, 0
7.43 %
Exponential, 0

100.000 bbl/d TAPS lower Limit

Forecast Decline 7.43 %
Beginning Date 12/1/2012 00:00
Begining Rate, STBD 534208
Ending Date 8/25/2034 18:56

Ending Rate, STBD 99673

Forecast Years
Cumulative,STB
Remaining, STB
Ultimate, STB

21.7
16846879770
2054482871
18901362641

Forecasted rate based on
7.43% average annual Production hits

. . 100K bbl/d TAPS
decline rate since 2009 N
limit in year 2034

Approximately 2.05
billion barrels
remaining reserves

Alaska Division of Oil and Gas, Jan 2013



Reserves Growth by Reservoir
North Slope Pools/PAs

Hartz and others, 2007

rrrrrrrrrr

mnest beach
mcrj hord-iecielK
/ P r U d h O e I PA Ebrjjflord-aparuk
anodhstar
O schrader dirt
msag delta nath
O niakiK

mwestsa
Oenddhtt

nkrj kuparuk
mksbumt

nprjdhos pa

Estimates of recoverable oil increase over time for most
reservoirs as new development investments are made



Viscous and Heavy Oll
Estimated total resource breakdown

Resource Category Resource, barrels

Total in-place resource 24 - 37 billion
(Hartz and others, 2007 + AOGCC)

Potential economically recoverable 3.6 - 5.6 billion

(assuming 15% average recovery of all in-place resource)

EUR, 6 areas under active development ~ 1.1 billion

Hadz and others. 2007: AOGCC Nikaitchugq Pool Rules
10



Viscous and Heavy Ql

Estimated recoverable in areas under development

Kuparuk River Unit

 KRU West Sak PA 541 million barrels
mKRU Tabasco PA 23 million barrels
Milne Point Unit

« MPU Schrader Bluff PA 117 million barrels
Prudhoe Bay Unit

s PBU Orion PA 209 million barrels
mPBU Polaris PA 48 million barrels
Nikaitchug Unit

* NU Schrader Bluff PA 120-200 million barrels

TOTAL EUR in these developments ~ 1.1 billion barrels

Hartz and others. 2007: AOGCC Nikaitchug Pool Rules



Northern Alaska Discovered Gas

35 TCF in existing fields awaiting transportation infrastructure

Point Thomson & other
undeveloped fields
- 8 TCF
(23%)

9 other fields
1.8 TCF
(5%)

Note: EIA Proved Reserves = 8.9 TCF
as of year-end 2010, reported August 2012

12






USGS Circum-Arctic Resource Appraisa

Undiscovered, technically recoverable oil

after USGS, 2008

1 siberian
Basin, 18%
E. Greenland
Rift Basin, 13%
Arctic Alaska,
27%

Arctic Alaska Oil + NGL
30 BBO + 6 BBNGL mean

UNDISCOVERED OIL
(billion barrels)

Area not quantitatively assessed
Area of low petroleum potential



USGS Circum-Arctic Resource Appraisa

Undiscovered, technically recoverable gas

after USGS, 2008

W. Siberian
Basin, 39%
E. Barents
Basin, 19%
'Arctic Alaska,
13%

Arctic Alaska Gas
221 TCF mean

UNDISCOVERED GAS
(trillion cubic feet)

>100

6-100

<6

Area not quantitatively assessed
Area of low petroleum potential



North Slope Shale Ql & Gas Resources

Hue Shale/GRZ

Type section outcrops at Hue Creek, ANWR

Shublik Formation

Variability in outcrop and well logs

Interbedded shale
& limestone, silty-
muddy,
phosphatic. pyritic
(up to 600 ft thick)

Total assessed resources:

Shale Qil:  0-2 BBO (mean 940 MMBO)
Shale NGL: 0- 571 MMBO (mean 262 MMBO)
Shale Gas: 0- 80 TCF (mean 42 TCF)

Lower Kingak Formation

A Log R source rock screening

loigok; Itkillik River t Bush Fed /

lower Kingak Fm source
-175-550 ft thick

Shublik



Shublik Formation
Hydrogen Index and Thermal Maturity

(overlay figure from Peters and others, 2006)



Methane Hydrate

Mean estimated onshore
hydrate resource is

590 TCF

gas-in-place

Extraction remains experimental

Recovery factor unknown

Resource Estimates

KKKKKKK

100 km
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