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

Synthesiz ing a decade of organic 
geochem ica l analyses and integrate with
reg iona^geo log ic data

. . .  .;•*

Characterization o f .hydrocarbon 
occurrences *
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Reservoir Quality 1



Reservoir quality studies 
¥

-  Continued samp ling fo r poros ity and permeab ility
. ♦ V

-  Corre la tion o f reservo ir qua lity w ith depiositiortal environment, petro logy, and 
diagenesis .

-  Fracture ana lys is and reservo ir cha rac te r is tics

Porosity (%} vs. Permeability (mD) 
North Slope Foothills Tuluvakss 

■ Schrader Bluff 

WNanushuk 

Gilead ss 

x  Fortress Mtn 

Cobblestone ss 

+ Okpikruak 

-Otuk Fm 

Siksikpuk



□  Gates of the Arctic National Park 

Active leases

Siksikpuk River mapping area

o 1.5 3 6 9 12
M ile s



Regional Burial and Exhumation History of the
• .. r  . ■ • • . •

Southern Colville Basin
* . ‘ *♦ ' . ' . * - ' V •. . * •

-  Build ing balanced struc tu ra l cross sections

-  Fission track data con firm zone of low thermal maturity
■ .■ ■ ■ *'■' .

-  Evidence fo r m id-Cretaceous syn tec ton ic sed imenta tion
’ . * ' ' * ■ - • • • . * * f .

• ' . ’ ' * » • "  .

-  Constra in ing tim ing o f key events affecting petro leum system
r . • . . * . ••

' : . -' • . • ' ✓ * . ’ o '  , .

Nanuahot ormabon 

Fortreaa Mountain Formation 

Torok Formation 

Okpikruak Formation

Otufc Formation 

Sikaikpufc Formation 

Ltabuma Formation 

Kayak ShaU

Fault*
Inferred Fault*

^  Atlochthon boundaries 
^— Topography at aection line 

Topography at rtver lavai 
-*• Topography of hills adjacent to r

Pre-tottaittJppian strataOkpikruak Broken Formation 4  melange



Oil and Gas Trapping 
Mechanisms



Kavik River 
Gas Field

. 0 0 0  F I  B C lO W  SC A I  fc V f  I

ENDICOTT GROUP
SACK EROCHIT GROUP

US8URNE GROUPIKLINIAN SEQUENCE



SeismiC Interpretation

*

South
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 , 0 0 0

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 i 
I  Possible Gas Reserves (BCF)

I  Onshore
1 Gubik 600
| Kavik 115
1 Square Lake 58
I Meade 2 0

| Umiat
5

I East Umiat
4

1 East Kurupa 9 i
• p

I Kemik
?  l

1 Wolf Creek ? I
' Offshore - OCS •** ,■. .

[ '■ . ' v  V/ p :vW 1 ... 'ai
f Sandp^ T

Data from Thomas et a i,  1996 (DOE) 
Craig & Sherwood, 2004 (MMS)
Bird, pens, comm., 2008 (USGS)



Alpine Play in NPRA -  More Gas than Oil???
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Burger Prospect
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f  BURGER CONDITIONAL* DISCOVERED RESOURCES-YEAR 2000

Fill Model
Pool Area 

(Acres)
Gas Resources (Tcf) Condensate] (Mmh)

F95 Mean F05 F95 Mean F05
Minimum 52,516 2.389 7.629 17.256 107 393 925
Most
Likely

97,545 4.335 14.038 31.384 203 724 1.700

Maximum 189,803 8.496 27.472 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). 
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Assessment Methodology -  Geologic Basis

P r o b a b i l i t y  o f G r e a t e r  t h a n

Closure Area

Porosity, fZ .

Water Sat

In-Place] 
Accumulations

Play A

Oil vs. Gas

Play A
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Prospect Risk Play Risk
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Charge
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Chukchi Shelf 
Beaufort Shelf

Subtotal

Potential for Undiscovered Petroleum in Arctic Alaska

Mean Estimates of Undiscovered, Conventional 
Natural Gas in. .rctic Alaska 

___________(trillion cubic feet)___________
Non-

Associated Associated Total
Gas Gas Gas

Onshore & State Offshore Areas (USGS estimates)
NPRA 61.35 11.68 73.03

ite Resources) 
BBO
TCF

Central North Slope 0 3 .3 2 ) 4.20 37.52
ANWR, 1002 Area 3.84 4.76 8.60
Subtotal 98.51 20.64

««■■■■< ii ■■ ■ laM BM M B iaaiUM auM b

119.15
sill

11 gas liquids 
• associated gas

gas only
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Economic Analysis Simulates 
Exploration and Development

subarea 2

Exploration simulation discovers largest 
accumulation nearest to infrastructure

Accumulation developed if economic
Large accumulation supports development 
of smaller accumulations and progressive 

exploration steps farther from infrastructure

subarea 3

no accumulation 
of sufficient size 
“discovered" in 
this subarea

Assessment Area
Resources allocated to subareas I subarea 1

TAPS
Connection

Regional pipeline

TAPS 
to Valdez



Economic Analysis based on Three Sub-Areas

Known Petroleum Volumes 
~15 BBO Produced  
~7 BBO Reserves 

~35 TCF Gas Reserves

P f^VA
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C o s  i s  J n c J u d a d  \i\ Eoonorn

Exploration
Geology & Geophysics
Exploration Drilling (including all preparation & mobilization)

• ueveiopmen.
ssdBi^WRtrirction of production pigs _ « ■ "

Developmeii I
. Construction of processing facilities  ̂ •• 

•Production ^
All operational costs
Abandonment costs

• Transportation ;»
New pipelines front fields to gas-processing plant near I’ll 
Pipeline tariff to market in lower-48

■•.Taxes
\  All applicable Federal and State ’

• Return on Investment
• ’ ' • • ': */ ’ ♦. ' • * %

12% rate of return y-

A ha lysis conducted in 2005 using 2003 dollars & costs : ■
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Central North Slope Economically Recoverable Gas

Undiscovered, Non-Associated Natural Gas Resources
83% of Technically Recoverable Gas

Fq5

o>
Market
Price

($/MCF)

Economically 
Recoverable Gas 
(trillion cubic feet)

Sc. 2 Sc. 3
2 0 0
3 0 0
4 10.9 9.6
5 19.9 12.7
6 23.7 17.2
7 25.2 21.0
8 26.2 22.6
9 27.1 24.1
10 27.6 25.2

I
Scenario 2: Gas Market with 10-yr. Delay 

I I
Scenario 3: Gas Market with 20-yr. Delay
w' 1 i i * ■»' — i 1 ■■ '■ I1

Based on mean 
estimates of technically 
recoverable oil resources

_ Scenario 1 - No Gas Market

T “
40 50

G a s  V o lu m e  ( tr i l l ions  o f  c u b ic  feet)



Conventional and “Unconventional” Accumulations

Conventional 
structural gas 
accumulation

«! Continuous 
chalk or shale 
oil accumulation

Land surface
Prudhoe Bay

\

Coalbed gas
Conventional 
structural oil > 
accumulation

Continuous 
chalk or shale gas 
accumulation

il Generation Window 
Gas Generation Window

Continuous 
basin-centered 
gas accumulation

Tens of miles
v_



Undiscovered, T o t a l  Gas Resources of the U.S.
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Wyoming Known Gas Resources 
1977 - 2006
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Russia

Arctic Alaska Exploration Maturity
• Prospective area onshore & offshore shelves -  150,000 m i2 (-400,000 km 2{
• Fewer than 500 exploration wells (red dots) , T  •

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

Entire state o f  Wyoming -100,000 m i2 (-250,000 km 2) 
Petroleum-prospective area -75,000 m i2 (-250,000 km 2) 
-19,371 exploration wells

Burger
zs.pJoniilori YJbll 
{M t ijz J J s / 'tU O L r /n ]

Wyoming natural gas (EIA data): 
Cumulative Production 21 TCF (1981-2006) 
Proved Reserves ~24 TCF (2006)
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Wyoming — Ten Largest Gas Fields

6-
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Wyoming’s Ten Largest Gas Fields

Proved Reserves 
Cumulative Production

70
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Data from NRG



Gas
Hydrates

; *
Chukch i S«a

«100 m

Unconventional” Gas Resources (continuous resources)
Coalbed

Gas

Overpressured, 
Basin-centered Gas

*  * * *

Chukchi Sum



ARC

NPRA

Overpressured Natural Q 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
© Thick interval of moderate overpressure 
® Thin interval of moderate overpressure
•  No overpressure ___

Chukchi Sea • .
• 100-1000 m

\ <100m

Is this a “low-permeability basin-centered gas accumulation” ?
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Overpressured Natural Gas in the Colville Basin
Beaufortian Strata (Kingak Shale) - mmam
Potential reservoirs mostly shale • : v .

Low-perm sandstone reservoirs possible ^

rll • • >fT" H. ^

Is this a “low-permeability basin-centered gas

m S »• I Omm I

Lin* ot c ro ft aactwn 
Saiamic Im* location | 
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Overpressured Natural Gas in the Colville Basin
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UBGH X01

GMGS X01

North Slope, AK

m . USGS »e»0SU m Ev v w  Ifa ir b a n k s

BP Exploration Alaska 
Arctic S lope Reg iona l Corporation 
Ryder Scott Com pany 
RPS - APA Energy 
Interpretation Services, Inc.
Doyon Drilling, Inc.
ReedHyca log (Corion)
Drill Coo l Systems, Inc.
Om n i Laboratories 
Schlumberger 
Ml Swaco

Mallik
98/02/07/08

99/00 MITI 
05 Toai-oki 

Kumano-nada

ODP 204 
IODP 311

•  Obiuing * iipQOGkA.*
m

Gulf of Mexico JIP
ChevronTexaco

JOC.MFC

FAIRBANKS

jOGMFC

Georgia Tech 
R ice  Univ
Scripps Inst. O cean  
W oods Ho le O c  Inst

W rs tc n id c i t)

International Gas 
Hydrate Research

(BHD
B inghamton University 
i '.olorado S choo l of M ines 
Eugro-McClelland, Inc.
GAIL Ltd
Geo log ica l Survey of Canada  
Geotek Lta
Idaho National Laboratory 
Integrated O cean  Drilling Program 
JO I, Inc.
Lamont-Doherty Earth Obs 
Ministry of Petrol and Natural Gas 
M cG ill University 

l DOE-NETL

Nall Ins l of Oceanography 
Na ll Ins l of O cean  Tech 
O cean  Drilling Limited 
O regon Sta le University 
OIL Ind ia Lid
Pacific Northwest Na ll Lab 
R e liance Industries Limited 
Schlumberger
Techn ica l University of Berlin 
Texas A&M University 
University of California, SD  
University ol Cardiff 
University of New  Hampshire 
Universildt Bremen 
University of Rhode Island 
U.S. Department of Energy 
U.S. Geo log ica l Survey 
U.S. NSF
W oods Ho le O cean  Inst



existing infrastructure (-10's of Tcf in place)
Arctic sandstones away from infrastructure (100s of Tcf in place) 

Deep-water sandstones (-1000s of Tcf in place)
Non-sandstone marine reservoirs with permeability (unknown] 

Massive suric ia l and shallow nodular hydrate (unknown)
Marine reservoirs with limited permeability 
(100,000s Tcf in place)

• increasing in-place

• decreasing reservoir quality

• decreasing confidence in 
resource estimates

• increasing technical 
challenges and likely
rlprrppcinn % rprnvprahlp



Gas Hydrates
Northern Alaska Zone of Potential Hydrate Stability

'

it

100-1000 mChukchi Sea

<100 m
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Known Gas Hydrate Accumulations
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