a USGS

science for a changing world

20010 Ygefaiise] UsS,C =
Jﬁlscovered Oil=a ?Esources—m‘ihe——
Natiorai-Petroleum RegeTvFlﬁ?aaska (NPRA)

Dave Houseknecht

U.S. Department of the Interior 8

U.S. Geological Surveyy! W October 2010
M



Summary— e~ = | |
« USGS estimates that lndustry exploratlon in"NPRAsince
2000 ' has discovered:
«+ 120 — 200 MMBO (oil & condensate) +
1.9 - 3.0 TCFG

* Drilling has revealed an abrupt and unanticipated
transition#from oil to gas in Jt:tl/rassic reservoirs just
15 — 20 miles west of the giant Alpine oil field e

-

« Updated USGS estimates of fully risked,undiscovered,
technically recoverable respurces in conventional
accumulations: = = —

+ 896 MMBO e
« 52.8 TCFG (honassociated only)

« Compared to the 2002 USGS assessment, these updat‘e‘?"
estimates represent:
«a sighificant reduction in oil
* a slight reduction in gas

* Greatest potential for undiscovered oil lies in northeastern
NPRA, including the area of Teshekpuk Lake and
adjacent coastal plain



Backgroune en 2010 Upecliee Assessment of NRPRA

o Wihy an updaiee assessment?

o Drilling results released to ihe public incicaied an albrupt and
unanticipated transition ifreom ©il te gas in the Alpine play, just 15
= 20 miles west of the glant Alpine ifield.

= ThelUSGStlupdatedsassessimen; —p*r.o_v.-ifd'ea_current-ers'pective =

— of undiscovered oil and gas resources; which: IS significantly=—
— differentthan !n-preV|oust ‘

il nt:{Cenozmc
"“"'-""mpact 0|I and




Federal Lands of the Alaska North Slope

Prudht_) ay : Kaktovik

Wilderness
Area

150

155° . 100 mi

National Petroleum Reserve in Alaska (NPRA)
~23 million acres
~36,000 mi?
About the size of Indiana

ANWR, Arctic National Wildlife Refuge
TAPS, Trans Alaska Pipeline System
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Brief NPRA History

, NatiVe
Lands

* Established in 1923 - Naval Petroleum
Reserve No. 4

L] - Renamed National Petroleum Reserve

in Alaska (NPRA) in 1976

* U.S. Government exploration during
1944-53 & 1974-82 resulted in a few
sub-economic oil & gas discoveries

| * Four lease sales held 1982-84

* Two industry wells drilled
« 1982, Native land, still proprietary
« 1985, Federal lease, dry hole

« Alpine field discovered in 1994

(announced in 1996) >750 MMBO!
* Federal lease sales held in NPRA in

1999, 2002, 2004, 2006, 2008, & 2010
* More than 30 wells drilled since 2000
* Discoveries announced, but . ..
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Leases Acquired & Relinquished since 1999

Sale 1999 $104.5 MM
Sale 2002 $ 63.8 MM
Sale 2004 $ 53 9MM |- =~
Sale 2006 $ 13.9MM | =k
Sale 2008 $ 17.6 MM 1
Sale 2010 $ 0.8 MM
Total: $253.7 MM
474 tracts

4.6 million acres
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As of 8/31/2009: =8
119 Leases Relinquished (1.19 million acres) |[=== [
63 Leases Expired (0.38 million acres) 71—
1.57 million acres back to Federal Government i p—

1890 Northeast

(~35% of original leases issued) B e st

2004 Northwest

| 2008 Northwest
2008 Leases

Additional assets currently
are “on the market.”




Exploration Wells Completed in NPRA since 1999
(29 on Federal leases + 1 on Native lease)

Additional wells have been drilled into Native lands 2000
within NPRA from surface locations outside NPRA

: 2001
“ 2002
2003
2004
2005
2006
2007
2008
2009
2010
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No wells will be drilled in NPRA during the winter of 2010-2011

Completion data from IHS Energy

22 USGS FEX Aklag 1 - BLM Photo



NPRA Geology and Recent Exploration
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Figure best used in conjunction
with USGS Fact Sheet 2010-3102
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Exploration Wells
* NPRA 2000-2010
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NPRA and Nearby Stratigraphy and Petroleum Plays

Age Ma Rock Column Petroleum Plays

2 - i : Mostly Mostly
Stratigraphic | Structural

Cenozoic 50

65

SEQUENCES

BROOKIAN

96

BROOKIAN

Clinoform

Torok Fm.

Jurassic

~40,000 feet

208

BEAUFORTIAN

Shublik Fm.

Triassic : %
% Sadlerochit
e Group I]:

STRUCTURAL

Permian Echooka

Penn. i Lisburne
Group

Lisburne

ELLESMERIAN
ELLESMERIAN
'ELLESMERIAN'

THRUST BELT

Mississippian 3 : Endicott

360 -

Pre-

Mississippian e - 4 some plays further
subdivided by area

D Nonmarine I:l Marine slope & basin D Carbonates D Granite
D Marine shelf |:|Condensed marine shale Ij Metasedimentary ﬂ:ﬂ:ﬂ Hiatus/erosion

FRANKLINIAN

GRZ, gamma-ray zone




Alpine Play Area

Exploration Wells
* NPRA 2000-2010
e Other

Discoveries, but
significant
challenges!




Challenge #1: Reservoir Quality

Kuyanak (CC) Downdip
Alpine1 (CC)

Alpine 3 (RS)
Bergschrund 1 (CC)
Neve (CC)
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CC, conventional core; RS, rotary sidewall core




Challenge #1: Reservoir Quality

Altamura (CC) Oil  Downdip
Rendevous 2 (CC) Oil
Rendevous A (CC) || Gas

Spark 4 (CC)* Gas Updig
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CC, conventional core; RS, rotary sidewall core




Challenge #1: Reservoir Quality

Reservoir quality in Alpine
sandstone generally
decreases with depth P
- Glauconite compaction { Best Reservoir
- Cementation "
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Reservoir Quality — Alpine Sandstone (C Facies)
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Challenge #2: Hydrocarbon Phase (Oil vs. Gas)

Exploration Wells
® NPRA & Selected
Others 2000-2010
@ Proprietary July 2010
® Others 2
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Challenge #2: Hydrocarbon Phase (Oil vs. Gas)

Exploration Wells
® NPRA & Selected
Others 2000-2010
@ Proprietary July 2010
® Others 2
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Inferred Exploration Results — Northeastern NPRA

1 53°w ‘ 152°W ‘ 1 51°w

10 KILOMETERS ‘
10 MILES

‘ \ Exploration Wells
| \ ‘ | ® NPRA & Selected

Others 2000-2010

: | |@~Proprietary July 2010~
*?“‘F—/* . e Others
{Alpine Sandstone Truncation i
\
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Contours Are Structure
at Approximate Top ’

of Alpine Sandstone | SN Discovered Accumulatlons Producing Oil Pools
(ft below sea level) in Alpine Sandstone in Alpine Field

QOil Gas Main Reservoir

A o Y Results Outside of Accumulations { Announced: Q @ Alpine: @
QOiIShow OGas Show @Dry Hole Inferred: @ @ Other: @

USGS
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Inferred Exploration Results — Northeastern NPRA

153w “ 152°W “ 151°W
(N |

10 KILOMETERS l -
\ Exploration Wells

10 MILESIECS | ® NPRA & Selected

i Others 2000-2010
| @ Proprietary July 2010
e Others

tNatlve

IAlplne Sandstone Truncation
l Estate '

USGS Estimate of Discovered, Technically
Recoverable Resources:

120 - 200 MMBO (oil & condensate)
&
1.9-3.0 TCFG

Contours Are Structur gou0

at Approximate Top

of Alpine Sandstone | Discovered Accumulations Producing Oil Pools
(ft below sea level) in Alpine Sandstone in Alpine Field

QOil Gas Main Reservoir

Results Outside ofAccumuIatons | Announced: ) @ Alpine: ©
®Oil Show OGas Show @Dry Hole Inferred: @ @ Other: @

Fed70°00N— — ——— & —

Ry

USGS




e IO . E— &

P,b s S | o), e Cau SE. of G as P I edomi n a‘n CO st e

».)4

T m—— — _
=+ Oil accumulation in trapSﬂn noﬁ'ﬁern.NPRAMﬁS mp§"f1y

by about 90 million yearstagor e
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» Several types ofigeologic evidence |nd|cate &gmﬂt%ﬁ‘twpllft#n
northern NPRA durlng the Cenozoic (60 — 15“fﬁ”11|on years ago)

» Uplift and erosion reduce confining pressure on:subsurface fluids

» Oil'in reservoirs:will degas (solution gas)
*:(Gas. in reservoirs will expand
» Formation water-will degas.(gas dissolved in formation water)

« Gas expansion may
» Displace oil downdip:into poorer quality reservoir rocks within
the same trap
* Displace oil completely from a trap, resulting in oil'spilling to
shallower formations or to/the surface



Effects of Exhumation on Alpine Play in NPRA

West <€ Increased uplift and erosion <€ East
Gas fills reservoir Gas cap + condensate Oil fills reservoir
+ oil shows High GOR “Low” gravity oil
Oil displaced downdip into No gas cap
e.g., most tests poor quality reservoir Low GOR
west of
Spark-Rendezvous e.g., Spark-Rendezvous e.g., Alpine

=2|JSGS Green, oil; red, gas



Exploration Wells
* NPRA 2000-2010
e Other

Other techniques suggest larger amounts
of uplift and erosion — up to 6,000 feet in

northwestern NPRA ative land &
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NPRA and Nearby Stratigraphy and Petroleum Plays

Age Ma Rock Column Petroleum Plays Other Plays

2 : Mostly Mostly
Stratigraphic | Structural TeSted
= \

50 -
Primary objectives

65 -
A —-1dry hole

B — at least 4 wells;
mostly gas

C - 2dry holes

D -2 wells; oil
saturated & poor
reservoir

Secondary objectives

E — at least 2 small
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NPRA and Nearby Stratigraphy and Petroleum Plays

Age Ma Rock Column Petroleum Plays DriIIing results
i il P indicate that
. Brookian strata
o retain oil
saturation west of
the oil-gas
transition in the

Alpine play.

Cenozoic
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O
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This suggests that
gas expansion
was less effective
In displacing oil in
= Brookian strata.

Group e
Mississippian : 2 Endicott - ; . .
mﬂﬂm Likely Indicates a

360
regional “seal”
Pre- = ===
Mississippian R E i - some plays further formed by
= = subdivided by area PSU-GRZ
D Nonmarine I:I Marine slope & basin D Carbonates D Granite
DMarine shelf |:|Condensed marine shale Ij Metasedimentary ﬂ:ﬂ:ﬂ Hiatus/erosion PSU, pebble shale unit
GRZ, gamma-ray zone
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Resulis of 2010 Upcdated Assessment of NPRA

o Al resullts are iully risked, undiscovered, technically recoverable
resources in conventional accumulations

o Tottal @il: 896 MMEBO (millien barrels @i @il)
o Mest in Breockian stratigraphic plays, wiclelhy elistriouiee]
o S@m@ iy @[ICoiI@[f' @ﬁ@][f’@[p)lhﬁ@ [@ﬂ@y@ In merineasienn NPRA

Total Gas (nonassomated onIy) 52.8 TCF (tr|II|on cublc feet)
© Most in structural playsiin‘southern NPRA —
Slgnlflcant poten.tlal in stratlgrapmmﬂhem NPRA

(previously considered oil-prone)”

SRS

- Greatest potential for undiscovered oil resources in locations that
likely are economically viable exists in northeastern NPRA,
which has been inaccessible (Teshekpuk Lake and adjacent
coastal plain)

- Gas resources remain stranded in the absence of a gas pipeline

- Analysis of economically recoverable resources is in progress



Aclditional Infermation
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Inquiries may be directed to:
Dave Houseknecht
dhouse@usgs.qov (703) 648-6466
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