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Arctic Alaska Conventional Oil & Gas Exploration

Potential

Chukchi

Bordeildll
Canada Ba 51

Burger

sJ/Fy/BJId (fBu

77 W S091J.

50,000 mi?(~400,

USGS Slide



KEY

geologic province areas
(solid lines)

Mean estimate
{billion barrels o( oil, BBO)

, > 20 BBO

> to 20 BBO Global Conventional Oil Resources - Undiscovered, Technically Recoverable j

Data sources;

«USGS World Petroleum Assessment 2000 and updates

-USGS National Oil and Gas Assessment, 2006 update

-MMS 2006 National OCS Assessment

approximate extentof U.S., -Earth At Night Image courtesy of NASAJGSFC, NOAAfNGDC DMSP Digital Archive

including Outor Continental

Shelf areas (dashed lines) Note: Map does not Include results from USGS Clrcum-Arctlc Resource Appraisal

l1to 5 BBO

0.1 to 1 BBO



USGS Circum Arctic Resource Appraisal, 2008
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USGS Circum Arctic Resource Appraisal, 2008
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North Slope Regional Geology
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Alaska Dept, of Natural Resources
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Simplified and Generalized Regional Cross-section
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Brooks Range Geologic Mapping
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Topical Petroleum-related Studies
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Revising ad Codifying Stratigraphic Nomenclature
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Merging Surface and Subsurface Data

H Inonmarine undifferentiated
shallow marine to proximal shelf ss.
distal shelf ss. to sltst.
toe-of-slope turbidites (sand-prone)
shelf to slope mudst. to sltst.
condensed or bentonitic sh.

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

<Q7 muss <, friiies
US Navy Shivugak Bluff US Navy ARCO
UMIAT TEST 1 Meas Section Sentinel Hill Tulaga 1
(USGS/AKDOG. 2002) Corel
Prince
Creek Fm
TuluyakFr
lower
Torok Fm

10.0 Mii6$ " Ut nvt&s A ij.o wiles 7u.6 fnifos n mﬂil&s n A
BP Texaco ConocoPhillips ConocoPhilllps ConocoPhillips ConocoPhillips BP A
KUPARUK UPLAND  WOLFBUTTON Cirque 3 RavikStl KRU Tabasco West Sak Milne Pt
EKVIK 1 32-7-8 2T-210 River St 1 UnitkRA-01
upper Schrader 2000
Bluff Fm
middle Schrader Ugnu sands
Bluff Fm
W Sak sands

middle Schrader
Bluff Fm

Hue Sh
upper Kuparuk Fm
lower Kuparuk Fro-
Miluveach Fm
+AlpineSs

Simplified from Decker (2007)



Foothills Structural Plays
Seismic Interpretation

Composite seismic transect west of Canning River, North Slope, Alaska
South North

-(~-Canning RiverA-i - Canning River8-1

Public seismic lines EP81-27S, -27C, & -27N

PLDecker, Alaska Division of Oil & Gas miles

Kavik structure



USGS Assessment Methodology - Geologic Basis

Probability of Greater than In-Place
0 50 Accumulations

Closure Area

Reservoir Thick
|

Porosity
Water Sat Size
Trap Fill
Probability of Greater than
Number of Containers Oil vs. Gas
Number
a
0
Prospect Risk Play Risk
Charge Charge
Reservoir Reservoir
Play A Trap

Volume of Oil



Undiscovered Mean Field Size Distributions - USGS

State Lands: ~1 undis-
covered oil accumulation > 250
MMBO recoverable. ~ 2 undis-
covered gas accumulations

> 1.5 TCF recoverable.

NPRA: ~11 undiscovered oll
accumulations > 250 MMBO
recoverable. ~7 undiscovered
gas accumulations > 1.5 TCF
recoverable.

ANWR 1002: ~9 undis-covered
oil accumulations > 250 MMBO
recoverable (~65% of estimated
total recoverable oil volume); gas
resource not shown.

SIZE CUSS, IN MILLIONS OF BARRELS

Qil Accumulation Size Class (million barrels)

768-
1536

SIZE CUSS, IN BILLIONS OF CUBIC FEET

Aggregate Gas Resources (Mean Case) g

[~1 Non-Federal
Federal

# N
**j2 | | | 3 |/

Gas Accumulation Size Class (billion cubic feet)

of Oil n Percent

Volume



USGS Potential for Undiscovered Petroleum in Arctic Alaska

Chukchi Shelf OCS* Beaufort Shelf OCS*
Oil 15.4 (2.3 - 40.1) BBO Oil 812 (0.4 - 23.2) BBO
Gas 76.8 (10.3 - 209.5) TCF Gas 27.6 (0.6 -72.2) TCF

ANWR 1002 Area**

(Federal + Native, + State Resources)
Oil 10.4 (5.7 - 16.0) BBO
Gas 3.8 (0-10.9) TCF

NPRA**
(Federal + Native, + State Resources)
Qil -f#.6 (6.7 - 15.0) BBO
Gas 61.4 (40.4 - 85.3) TCF Wilderness
Area

Central North Slope**

(State + Native + Federal Resources)
Oil 4.0 (2.6-5.9) BBO
Gas 33.3 (23.9- 44.9) TCF

» Oilincludes crude oil + natural gas liquids
Gas includes nonassociated + associated gas

== Oil includes crude oil only
Gas includes nonassociated gas only



“Unconventional” Gas Resources (continuous resources)

Coalbed
Gas

Overpressured1 Sub-Bituminous
Basin-centered Gas Bituminous

Coal
O Thick interval of high ov
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O Thin interval of moderat
O No overpressure
Chukchi Sea
Hyd rates NPRA 1002 Area /
Potential Overpressured
Gas in Broakian Strata
Chukchi Sea
Known Gas
Accumuli
if <0Om
sone of Potential Evaluation in Progress
Gas Hydrate Stability
ANWR

Colleff U$GS



Northern Alaska and Arctic OCS
Resource Estimates

Kevin Banks, Director
February 2011






North Slope "Reserves" Estimates
Developed or Delineated

Oil Remaining MMBO Gas Remaining BCF
Barrow 34
Colville River 420 400
Duck River 102 843
Kuparuk River 990 600
Milne Point 210
Northstar 64 450
Prudhoe Bay 2,450 24,500
Oooguruk 73
Nikaitchuq 187
Liberty 114
Point Thomson 417 8,000
NPRA 140

Total North Slope 5,166 34,827

Source: Div. of Oil and Gas, 2009 Alaska Oil & Gas Report



North Slope and Arctic OCS

Discovered Undeveloped Resource Estimates

Oil - Recoverable Gas - Recoverable
Resource MMBO Resource BCF
Umiat 70 - 300(?)
Gubik 600(?)
Sivullig (aka Hammerhead) 100 - 200
North Tarn 27-72
Kuvlium 160 - 300
Sandpiper 12
FEX NPRA 300-400(?)

Total Alaska/Beaufort 1,299 -1,984 600

Various sources.



Other North Slope and Arctic OCS

Undeveloped Resource Estimates

Ugnu (Kuparuk/Milne Point area)
- Up to 20 billion barrels of heavy oil in-place

- BP conservatively estimates that roughly 10 percent may be
recoverable, 2 billion barrels

Burger (Chukchi Sea)
- 31 million to 1.7 billion barrels of condensate in-place

- 8to 27 TCF natural gas in-place



Source-Reservoired Oil Resources
Alaskan North Slope

Paul L Decker, Petroleum Geologist
Alaska Department of Natural Resources, Division of Oil and Gas
February, 2011



Unconventional resources

Distinguished from conventional resources by

I lower geologic risk... hydrocarbons are almost
certainly present everywhere within the play fairway

BUT

r higher engineering risk... not sure the resource

will be recoverable everywhere (massive stimulations
must succeed)



Unconventional terminology

Some terms are more specific than others

® Resource plays

® Continuous accumulations

® Basin-centered accumulations
® Technology reservoirs

® Tight oll / gas

® Shale gas / shale all

® Source-reservoired oil / gas
v Source = Reservoir Trap



North S

Beaufort Sea Areawide Selsmlc transect

Great Bear Petroleum
e approximate land
position

NS Foothills Areawide

Noatak

Gates of the Arctic



North Slope Petroleum Systems
3 prolific source rock intervals

Age Ma Oil & Gas ) Petroleum Petroleum Plays
2 2] Accumulations Systems Mostly Mostly
9 Cenozoic Kuvlum. Hammerhead (source rocks) Stratigraphic ~ Structural
U < 50 Ugnu. Badami, Sourdough
E . 65- W. 8ak, Schrader Bluff, Nikaiichuk,
N O Orion, Polaris, Tabasco
C O 9% Tam, Mettwater
=D bk E Umnat, Square Lake. Hue (GRZ) -
WolfCreek, Oumalik, Meade Pe e ale
Cretaceous Nanug - Torok
| Pt Thomson, Kuparuk, Pt Mclntyre, (oil source)
Miine Pt, Fiord (Kuparuk), Niakuk c
h« Burger, Walakpa
144 Alpine. Lookout. Spark, Rendezvous [E@ Cret.
PL i Fiord (Nechelik) Kingak - T
D Jurassic Blankenship 3.0
(oil source) © L. Jur.
< -208- South Barrow, East Barrow m
ISU - Shublik - Otuk Sag River |
Q ; P Kemik (oil source)
< Triassic Paidhoe Bay, Northstar, Raven .
O' 245H Sandpiper; Kavik ¢ Sadlerochit
1D H 'SZ
s Permian 286 . 0)  Echooka
Lisbume . E
ab Penn Lisburne (kuna) _
< LW -320- . ) (oil source) g Lisburne
Z 1 Endicott, Liberty a di N
Mississippian Endicott ,
LU PP (Kekiktuk) Endicott
* — 360- (gas source)
z *Qil accumulations (roman)
Mi Pre_ T Gas accumulations (italics)
ississippian
Rock Column GZ]Nonmarine ]Marine slope & basin Carbonates Granite
Legend Marine Shelf [ZZCondensed marine shale j|]§] Metasedimentary Hiatus or erosion

Modified by Alaska Division of Qil and Gas staff from Ken Bird and David Houseknecht (U.S. Geological Survey), personal communication, 20021



Central North Slope Seismic Transect
Public Seismic Line ARCO 80-07& 80-06

West Total length ~120 miles East

* GRZ-Hue Sh at -8,000 - 13,000 ft depth
« Shublik + Lower Kingak at -10,000 ft depth

(Decker, unpublished data, 2010-11)



Key Geologic Factors - Shale Resource Plays

© Organic Geochemistry
0 Total Organic Carbon content (richness)
O Hydrogen Index (oil-prone, gas-prone, or inert kerogen types)
0 QI properties (gravity, in-situ viscosity, wax & asphaltene content, etc.)

© Thermal and Tectonic History

O Thermal maturity (immature -> all window -> gas window -> supermature)
[0 Stress-strain history (# of phases of natural fracturing, etc.)

O Current stress regime (determines orientation of artificial fractures and whether
natural fractures are propped open)

© Petrophysics

[0 Porosity (void space between grains, within grains, and in fractures)
0 Permeability (how connected are pore spaces?)
O Relative Permeability (al, gas, water-which flows more readily?)

® GeomechaniCS —Isthe rock brittle enough to create and sustain fractures?
O Cement content and types (carbonate, silica, sulfides, etc.)
[0 Grain content and types (silt, sand, fossil debris, etc.)
[0 Layering (thickness and mechanical contrast)



(courtesy Lynn Helms NDIC, DMR, 2011)



Infrastructure-intensive development

Bakken Shale 640 acres/well (Sanish & Parshall Fields)
Eagle Ford Shale 125-140 acres/well (EOG plans)
North Slope ? 120-060 acres/well (Great Bear estimates)

Fully Developed Bakken and Three Forks
Horizontal Wells in Sanish Field Area

VL w
S4ANWW \Y T\

¥

93W

sssssssssss Three
Outline Forks

aaaaaaaaaaa
nnnnnnn

Cross-Unit Bakken
Locations

Three Forks Producers
and Locations

Non-0p Well (Paneitz/ Whiting Petroleum, 2010)



Frac FAQSs

How do they work?

Fluid (water +sand + additives for gelling and gel-breaking, etc.)
IS pumped into an isolated part of the borehole under increasing
pressure. When the fluid pressure exceeds the rock strength,
the formation fractures and the sand-rich fluid shoots out into
the growing cracks. The sand props the fractures open after the
frac fluid flows back into the wellborn.

How much water do they use?

Fracjobs for horizontal producers in L48 shale plays consume 1
to 5.5 million gallons of water (and millions of pounds of sand)
per well, depending on rock properties, number of stages

pumped, etc.

What are the environmental risks?
Contamination of fresh water aquifers with hydrocarbons and/or
frac fluids can occur where the hydrocarbon target and aquifer
are not sufficiently separated. THIS SHOULD BE AVOIDABLE!



Frac Jobs

Where are the fractures and how far do they extend?

34 frac trucks on location
(Oil & Gas Journal)

600

2,000

In this example, frac wings
appear to extend -450-550 ft
to either side of the wellbore

with some asymmetry



Single well flow rate over time

One producer’s average production profile for
Bakken Formation production wells - North Dakota

Production Profiles in Oil Equivalents
East/Central Sanish

EUR - 950 MBOE, CAPEX «5.5MM

Nymex oil price/Bbl

10,000
C
0
Proved Forecast Range
Preyed & Possible Forecast
-q 1,000
0
L.
to
ss uwl IRR{%)
8 PV{10) SMM 13.046 16.258
*5
c 100
0 Average Profile for East'Central Sanish
@ EUR Range 750 - 950 MBOE
3
C
LU
10

12 24 36 48 60 72 84 96 108 120 132 144 156 168 180

Months On Production

(Whiting Petroleum, 2011)



Texas Analogue (?)
Upper Cretaceous Eagle Ford Shale

and Williarrtsod Miam Wafer

Burleson Grimes

Ofespte Austin

Brittle: up to 70% calcite

Kendall
_ 50-250 ft thick; potentially all net pay
ey vv';Quadalupe 2 _ 7 % T O C
Walde _ San Antonio
Medina . .
cevar y Extensive area of thermal maturity
Porosity 7-15%
Maverick «-4000-
Zavais Karma,
Narrow overpressure zone
Draml f Mewul It
Mexico Uto Oak Eagle Ford Producing Wells (HPDI)
OIL
GAS
sicfs  Eagle Ford Petroleum Windows (Petrohawk. EOG, DI)
Webh Qil
Wet Gas/Condensate
JimVells Dry Gas (Energy
Top Eagle Ford Subsea Depth Structure, Ft (Petrohawk) Information
Laredo Eagle Ford Shale Thickness, Ft (EOG) Adm iniStration,

| Eagle Ford Shale-Austin Chalk Outcrops (TNRIS)

Map Date Octobers, 2010 Kleberg fNW limitof Eagle Ford-Austn Chalk presence) 2010)



North Dakota Analogue (?)

Devonian-Mississippian Bakken Fm - First 60-90 day oil rates

explanation
BAKKEN FORMATION
> 1000 barrels per day

<€ B50(1-1000 barrels per day
*  250-500 barrels per day
125 - 250 barrels per dav

Brittle: siliceous & pyritic shales;
dolomitic siltstone middle member

Up to 100 ft thick “shale sandwich”
Rich: 11% average TOC; up to 40%
Oil-prone Type I/ll kerogen
Extensive area of thermal maturity
Porosity 8-12%

Permeability 0.05 - 0.5 mD

Sweet spots relate to
THREE FORKS FORMATION

v' major flexures -> natural fractures

v' early oil window maturity -> overpressure
(Nordeng, 2010; Nordeng and others, 2010)



Bakken Well Economics and Production

North Dakota Industrial Commission, Department of Mineral Resources

* Well Cost, Horizontal Producer $6.1 million (47 jobs)
» Operating Cost, Monthly < $7,000 (1 job)

* Royalty Rate 16.7%

sAverage Initial Production Rate 955 BOPD

* Breakeven IP QOil Rate 235 BOPD

* Breakeven Reserves per well 183,000 bbl

* Breakeven Reserves Success 83%

Typical Bakken Well Production

(courtesy Lynn Helms NDIC, DMR, 2011)




Shublik Formation

Variability in outcrop and well logs

lower > <
Kingak Fm p3/

Sag River Eeac

Interbedded shale
& limestone, silty-

Zone A

muddy, Shublik
phosphatic, pyritic ke
(up to 600 ft thick) L.

Sadlerochit
Group

IIIIIIII



Shublik Formation

Well logs and zonal correlations

S HarrBay 1 Kookpuk 1 KRU 2F-20 Rock Flour 1 Hemi Spr 1 Hemi Spr3 Toolik 1

lower Kingak
Sag River im m

iSHUBBI

Shublik A-D

JJJJJJJ

SSSSS

(Decker, unpublished data, 2011)



0g R source rock screening

Inigok 1

Itkillik River 1

Depth DelioLogR
Dolomite - ResD(RD)

SAPI 150.00C OHMW
M A4

|pettaLogR]

lower Kingak Fm source
-175-550 ft thick

Shublik

Bush Fed 1



Hue Shale/GRZ

Correlations and log-based Total Organic Content estimates

Itkillik R 1 Atlas 1 Narvaqg 1 I/l/ Sak 26 Toolik 2 Hemi Spr 3

Seabee Canning

Torok

Torok

*0 g Rcalculated

. Hue Sh 9% 6% 1% 8 % (’))
TOC estimates

GRZ 2.6% 2.4% 1.6% 5.0 % 3.1% 10.3% (?)

(Decker, unpublished data, 2009)
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Shublik and Lower Kingak Formations

Thermal Maturity Zone

(mature area after Peters and others, 2006)



Hue Shale/GRZ

Thermal Maturity Zone

ASRC

ANWR 1002

ANW R

Noatak

Gates of the Arctic

(mature area after Peters and others, 2006)



Source rock characteristics

Total Organic Carbon
Main Kerogen Types
Oil Gravity, °API
Thickness

Thermal Maturity
Lithology & Variability
Brittleness

Natural Fractures

Overpressure

Bakken

Imm-0Oil-Gas

Yes - Quartz

Shublik Hue/GRZ

Imm-0Oil-Gas

Shale
Yes - Calcite Yes - Calcite
Locally some zones
Locally Probably

(compiled from various sources, Decker, 2011)



®

Summary

Many variables impact productivity of source-reservoired oll
and gas

0

(o]

(o]

(o]

(o]

Organic geochemistry

Thermal and tectonic history
Petrophysics

Geomechanics

Drilling and completion practices

Development of North Slope shale oil will likely depend on

Successful exploration drilling, data gathering to establish geological favorability
Successful production pilot project(s)

Lowering drilling and operating costs

All-season roads for year-round surface access to new areas

More hydraulic frac crews

Sufficient water supplies for frac make-up fluid

Factual understanding and operator transparency regarding frac practices



Foothills Structural Plays
Seismic Interpretation

Composite seismic transect west of Canning River, North Slope, Alaska

South

o Canning RiverA-1

Public seismic lines EP81-27S, -27C, & -27N

PLDecker, Alaska Division of Oil & Gas

Kavik structure

<>

Cannin g RiverB-1

North





