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S t a t e  0/ A l a sk a
- O i l  &  G a s  R e s o u r c e s  -

Bob Swenson -  Alaska Division of Geological & Geophysical Surveys



A l a s k a  R e s o u r c e  A s s e s s m e n t s *
- F e d e r a l  E s t i m a t e s  -  U n d i s c o v e r e d , 

T e c h n i c a l l y  R e c o v e r a b l e  -

R e g io n
M e a n  O il E s t im a te

(Million Barrels)
M e a n  G a s  E s t im a te

(Billion Cubic Feet)

Onshore Arctic 15,908 98,960

Offshore Arctic 23,750 108,180

Interior Basins
(only partially assessed)

234 5,641

Upper Cook Inlet 599 19,037

Other Southern Alaska 2,859 23,458

TOTAL 43 BBO 255 TCF

^Excludes shale oil, shale gas, m ethane hydrates, and m ost coal bed m ethane 2



S e d i m e n t a r y  B a s i n s  - P e t r o l e u m  S y s t e m s  
R e s e r v e s  - R e s o u r c e  E s t i m a t e s

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

• Reserves vs. Resource Estimates
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Sedim entary Basins & Petroleum

1. Source

Hydrocarbon maturation
A m o u n t p rod u c e d

Biogenic methane

C ra ck in g  o f 
■  h y d ro c a rb o n s

Heavy Oil

Geology



MegaSequences 
Brookian (K-T) 
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North Slope Petroleum Systems

3 prolific source rock intervals
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Oil & Gas 
Accumulations*

Kuvlum, Hammerhead

Ugnu, Badami. Sourdough
W. Sak, Schrader Bluff, Nikaitchuk. 
Orion, Polaris, Tabasco

Tam, Meitwater
Umiat, Fish Creek, Simpson
Gubik, E Umiat, Square Lake,
Wolf Creek. Oumalik, Meade

Nanuq

Pt Thomson, Kuparuk, Pt McIntyre, 
Milne Pt, Fiord (Kuparuk), Niakuk 
Burger, Walakpa
Alpine, Lookout, Spark, Rendezvous 

Fiord (Nechelik)

Petroleum
Systems

(source rocks)

Hue (GRZ) - 
Pebble Shale 

- Torok
(oil source)

South Barrow, East Barrow 

Kemik

Prudhoe Bay, Northstar, Raven
Sandpiper, Kavik

Lisbume 

Endicott, Liberty

* Oil accumulations (roman)
Gas accumulations (italics)

Kingak - 
Blankenship

(oil source)

£] Shublik - Otuk 
™  (oil source)

Lisburne (Kuna) 
(oil source)

Endicott 
(Kekiktuk)

(gas source)

Petroleum Plays
Mostly

Stratigraphic
Mostly

Structural
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Rock Column 
Legend

I ]  Nonmarine Marine slope & basin Carbonates Granite
Marine Shelf Q  Condensed marine shale □  Metasedimentary □  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 NPRA to Canning River, North Slope, Alaska

pld, Alaska Division o f Oil and Ga.;

Eastward progradation of Brookian clinoforms drives source 
rock burial and maturation, - n o  -  50 Ma



M io c e n e

Franklin Bluffs Mbr

Mikkelsen

T ongue

S tiln es

T ongue
&oHeftcnguesSagwonMbr

Prince Creek Fm

Schrader Bluff Fm Canning Fm

H u e  S h a le

C an n in g  Fm

G u b lk F m

Sagavamrktok Fm 
(middle & upper),

subaerial erosion

Oligocene

C a n n in g  Fm

Eocene

Canning Fm

submarine 
mass wasting, 
scour, etc

Campanian

samoman

C o n ia c ia n

Seabee Fm

Hue Shale
Ccnomanian

T o r o k

H u e  S h a le

110
Torok

Aptiar low er H ue Sh ale  (GRZ/HRZ)

p e b b le  sh a le  u n it

130

Kingak Shale 

(M iluveadi Fm)
140

Colville Basin Stratigraphy

E xplanation

Inferred depositional setting

non-marine 
deposits

shallow marine 
deposits

major shelfai/platform 
shales, siltstones

deepwater slope & 
toe-of-slope deposits

distal & condensed 
basinai shales

Symbols

< i  > uncertain relationship

/
fault contact, 
allochthonous unit

transgressive flooding/ 
ravfnement surface, 
Indicating direction of 
retrogradation

NE
Canning River area 

(distal)

SW
Chandler River area 

(proximal)



Merging Surface and Subsurface Data

I i nonmarine undifferentiated
I 1 shallow marine to proximal shelf ss.

distal shelf ss. to sltst.
— 1 toe-of-slope turbidites (sand-prone)
i I shelf to slope mudst. to sltst.

condensed or bentonitic sh.

W fW W T F '  ■
Brooks Range

Prudhoe 
/  Bay

NPRABrookian Sequence Stratigraphic Correlation Section, Umiat Field to Milne Point Field, West-central North Slope, Alaska
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Composite seismic transect west o f Canning River, North Slope, Alaska
ShubUkMtas A  Sadler

fault Canning River A-1 W(a Canning River B-1 North
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North Slope Regional Geology

Alaska Dept, of Natural Resources, Division of Oil & Gasd fl
■ H i 1 0



Schematic Geologic Cross Section
Central North Slope -  Barrow Arch Province

W e s t
P e r m a f r o s t

E a s t
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WfiKt Ti.̂ k/ 
Schrader Dl.

Proven Geologic Play Types
O il

D oaw inu  Null To S c a le SJOCJ, rev tEMW



USGS 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

a

C losure Area

R eservo ir Thick  

Porosity  

W ater Sat 

Trap Fill

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

Number of Containers Oil vs. Gas

In-Place
Accumulations

Play A

Play A

V o l u m e  o f  Oi l

P ro s p e c t  R is k

Charge

R eservoir

Trap

P la y  R i s k

Charge

R eservoir

|Trap



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.

W-128 128- 256 512-
256 512 1024

SIZE CLASS, IN MILLIM OF BARRELS SIZE CLASS, IN BILLIONS OF CUBIC FEET



Current Federal Assessments
Arctic Alaska Undiscovered, Technically Recoverable

Conventional Oil and Gas

Region and Assessment Segment
O il, M M STB

( n i lion stock tank barrels)
Gas, BCF

(bil icn cibic feet)

North Slope Onshore & State W ate rs '
Central North Slope Oil & Associated gas

NGL & Nov-associated gas
Nat'f Petrol Reserve Alaska on & Associated gas

NGL & Nov-associated gas
AN WR coastal p lain2 on & Associated gas

NGL & Nov-associated gas

Probabilty Distribution 

F95 Mean FQ5

Probabilty Distribution 

F95 Mean FQ5
2,565 3,984 5,854 

-  473 - 3 
895

—3 __ —3
5,724 10,360 15,955 

~ 3 190 ~ 3

2,681 4,190 6,092 
23,939 33,318 44,873

52,839
4,764

0 3,841 10,852
to ta l - North Slope O r shore

Arctic Alaska O u ter C ontinental S lie lf (OCS)
Chukchi She f  on & an gas 
Beat fo rt Shelf on & an gas 
Hope Basin on & an gas

- -3 15,903 ~ 3

2,317 15,380 40,075 
412 8,224 23,235 

0 150 600

-3 98,960 --3

10,316 76,772 209,527 
649 27,645 72,178 

0 3,770 14,980
to ta l - Arctic OCS (offshore) 6,030 23,754 53,170 27,830 108,187 247,190

TOTAL - Arctic Alaska ~J 39,662 - J -J 207,147 - J

14



USGS Circum-Arctic Resource Appraisal
Undiscovered, technically recoverable oil

Arctic Alaska Oil + NGL 

3 0  BBO + 6 BBNGL mean

I I Area not quantitatively assessed
I I Area of low petroleum potential



USGS Circum-Arctic Resource Appraisal
Undiscovered, technically recoverable gas

Arctic Alaska Gas 
221TCF mean

180°

UNDISCOVERED GAS 
(trillion cubic feet)

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



Conventional Liquid (Oil and NGL) 
Endowment for Eight Regions
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6 , 0 0 0

Conventional Natural Gas 
Endowment For Eight Regions
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□ Undiscovered
Resources
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□ Remaining
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Technically Recoverable

W M  / Arctic Alaska Gas Reserves Mi /'----------------
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Arctic Resource Appraisal, 2008
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Undiscovered Oil Potential in Arctic Alaska
The North Slope region contains more than 150,000 square miles of land with high oil and gas potential. The green ovals represent the latest 

statistical estimates for technically recoverable conventional oil as determined by Federal agencies. 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.
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Petroleum Reserves & Resource Definitions
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Northern Alaska Reserves and Resources

Presentation Outline

■ Production to date

■ Reserves Estimates

■ Discovered Resources

■ Undiscovered Resources

■ Unconventional Resource Potential

1



Oil Production History by Unit
North Slope fields
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Cumulative Oil Production by Unit
North Slope fields

Alaska Division o f  Oil and Gas 3



Alaska Crude Oil Proved Reserves
Energy Information Administration, latest available data (2010)



North Slope Oil 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 .0 5  - 3 .2 4  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 .1 9  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

- 2 8 2  to 41 2  M i 11 ion ba rrels (T mmbT 01 clue 10 TAPS “  ra,e"

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

Alaska Division o f Oil and Gas, Jan 2013



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

Production hits 
100K bbl/d TAPS 
limit in year 2045

Approximately 3.24 
billion barrels 
remaining reserves

Oil + NGL Ave. Daily Rate (s tb /d )

100,000 bbl/d TAPS lower Limit

North Slope Oil + NGL Production
Forecast based on decline rate since 1988

Cum Oil + NGL Produced (M stb )

1

Rate Stream 
Cum Stream 
Fit Type 
Fit Decline 
Forecast Type

CDOil_Ngl 
CumOil_Ngl 
Exponential, 0 
5 .19%
Exponential, 0

Forecast Decline 5 .19%  
Beginning Date 12/1/2012 00:00 
Begining Rate, STBD  571645 
Ending Date 9/30/2045 00:29 
Ending Rate, STBD  99252

Forecast Years 
Cumulative, STB 
Remaining, STB 
Ultimate, STB

32.8
16846879770
3235264159
20082143929

Alaska Division o f Oil and Gas, Jan 2013



North Slope Oil + NGL Production
Forecast based on decline rate since 2002

Cum Oil + NGL Produced (M stb )

App rox im a te ly  2.41 

b illion  barre ls 

rem a in ing  reserves

a Daily Rate (s tb /d )

Forecasted 6.42% 
average annual 
production decline 
rate

100,000 bbl/d TAPS lower Limit

z j z  j i - ~ r n  n r - J T i E T -

Production  h its 100K 

bb l/d  TAPS lim it in 
__ year 2038

Rate Stream 
Cum Stream 
Fit Type 
Fit Decline 
Forecast Type

CDOil_Ngl
CumOil_Ngl

Exponential, 0 
6.42 %
Exponential, 0

Forecast Decline 
Beginning Date 
Begining Rate, STBD 
Ending Date 
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

25.4
16846879770
2414209357

192610891 ̂ AIosko Division o f Oil and Gas, Jan 2013



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

Approximately 2.05 
billion barrels 
remaining reserves

North Slope Oil + NGL Production
Forecast based on decline rate since 2009

1x10

Cum Oil + NGL Produced (Mstb)

Forecasted rate based on 
7.43% average annual 
decline rate since 2009

Production hits 
100K bbl/d TAPS 
limit in year 2034

100.000 bbl/d TAPS lower Limit

Rate Stream 
Cum Stream 
Fit Type 
Fit Decline 
Forecast Type

CDOil_Ngl 
CumOil_Ngl 
Exponential, 0 
7.43 %
Exponential, 0

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 Alaska Division o f Oil and Gas, Jan 2013



Reserves Growth by Reservoir
North Slope Pools/PAs

/ Prudhoe IPA

H a r tz  a n d  o t h e r s , 2 0 0 7

n i r \ i —t  i I i I r

■  r re lT A a e r

a or on
■ c t j  naru3-<upaiu< 
a aurora 
■borealis 
□poiaris
□ eider 
ntabasco
□ badami 
amdiightsun 
atari
□ c t j  n a r u b  

■alpine 
■sag rib er 
■north pudhoe 
■west beach 
■crj hord-iecielK 
□crjflord-aparuk 
anodhstar
□ schrader dirt 
■sag delta north
□ niakiK
□  p t m d n ty r e  
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Estimates of recoverable oil increase over time for most 
reservoirs as new development investments are made



Viscous and Heavy Oil
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

H a d z  a nd  others. 2007: A O G C C  N ika itchuq  P o o l R u les
10



Viscous and Heavy Oil
Estimated recoverable in areas under development

Kuparuk River Unit
• KRU West Sak PA 541 million barrels
■ KRU Tabasco PA 23 million barrels
Milne Point Unit
• MPU Schrader Bluff PA 117 million barrels
Prudhoe Bay Unit
• PBU Orion PA 209 million barrels
■ PBU Polaris PA 48 million barrels
Nikaitchuq Unit
• NU Schrader Bluff PA 120-200 million barrels 

TOTAL EUR in these developments ~ 1.1 billion barrels

H artz  a nd  others. 2007: A O G C C  N ika itchuq  P oo l R u les



Northern Alaska Discovered Gas
35 TCF in existing fields awaiting transportation infrastructure

Point Thomson & other 
undeveloped fields 

-  8 TCF
(23% )

m m

9 other fields 
1.8 TCF

(5%)

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

12





E. Greenland 
Rift Basin, 13%

Arctic Alaska Oil + NGL 
30 BBO + 6 BBNGL mean

Arctic Alaska, 
27%

WGEC

UNDISCOVERED OIL

(billion barrels)

Area not quantitatively assessed 
Area of low petroleum potential

USGS Circum-Arctic Resource Appraisa
Undiscovered, technically recoverable oil

1/1/ Siberian 
Basin, 18%

after USGS, 2008



W. Siberian 
Basin, 39%

'Arctic Alaska, 
13%

ARCTV

USGS Circum-Arctic Resource Appraisa
Undiscovered, technically recoverable gas

E. Barents 
Basin, 19%

Arctic Alaska Gas 
221 TCF mean

after USGS, 2008

UNDISCOVERED GAS 

(trillion cubic feet)

I I > 1 0 0

I I 6 - 1 0 0

I I < 6

| | Area not quantitatively assessed
Area of low petroleum potential



North Slope Shale Oil & Gas Resources
Hue Shale/GRZ
Type section outcrops a t Hue Creek, ANWR

Total assessed resources:

Shale Oil: 0 - 2  BBO (mean 940 MMBO)
Shale NGL: 0 -  571 MMBO (mean 262 MMBO) 
Shale Gas: 0 -  80 T C F  (mean 42 T C F)

Lower Kingak Formation
A Log R source rock screeningShublik Formation

Variability in outcrop and well logs

Rock Flour 1

lo igok; Itkillik River t Bush Fed /

Interbedded shale 
& limestone, silty- 

muddy, 
phosphatic. pyritic 
(up to 600 ft th ick)

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 Resource Estimates

Mean estim ated onshore 
hydrate resource is

5 9 0  T C F

gas-in-place

CfRQUE-1 TARN 2>349 WEST SA K15 WEST SAK 3 KRUID-S ST-2 M M I  26-12-12 BAY ST-1 RAY ST-2 REINDEER IS-I

100 km

Extraction remains experimental

Recovery factor unknown ^
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