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Outline

® Petroleum-rich Arctic Alaska
offshore province

* MMS Assessment method

® Economic assessment results
for Arctic offshore




Arctic Offshore = Chukchi & Beaufort Sea Planning Areas

Arctic AK Petroleum Province = North Slope & Offshore Shelves

,MMS Exploration/COST Well

GaS DISCOVGI‘y Image from July 1998




Beaufort & Chukchi Seas

2006 Undiscovered Oil and Gas

Risked, Technically Recoverable

Commodity >95 % MEAN > 5 %
chance chance

Gas (Trillion 11.0 104.4 | 281.7
Cubic Feet)

Oil (billion 2.7 23.6 63.3

barrels)

$uvs  Yr 2000: 92.2 Tefg + 22.4 Bbo




The Arctic Offshore Accounts For:

e 79% of Alaska Offshore Gas &
89% of Alaska Offshore Oil
(2006-Undiscovered)

e Offshore has 39% of Total
Arctic AK Endowment (117

Bboe)*

*Northern Alaska “Endowment”, 46.6 Bbo + 139 Tcfg**= 71.3 Bboe
Arctic Offshore “Endowment”, 24.7 Bbo + 118 Tcfg = 45.7 Bboe

‘_MMS ** Undiscovered + Discovered EUR, D.W. Houseknecht, 2006, pers. comm., State AK DOG, 2004




Why is Arctic Offshore So Rich?

Reason #1:. Geological continuity

with highly successful northern
Alaska petroleum province




STRATIGRAPHIC COLUMN

Stratigraphic Continuity Across Arctic Alaska & OCS

CHUKCHI SEA, BEAUFORT SEA, ARCTIC ALASKA

STRATIGRAPHY LITH.

(SOUTH) (NORTH) | 5

PLAY

| SEQUENCE
o

MAJOR
SEQUENCE

MAJOR ARCTIC
PETROLEUM DISCOVERIES

GUBIK FM ©.o0°o

SAGAVANIRKTOK FM.

NOT PRESENT IN
MOST OF NPR-A
(Maximum Thickness
= 160m)

~—

COLVILLE GP

EXTREMELY THIN
IN NPR-A

BROOKIAN

BROOK. TOPSET
PLAYS 13, 14, 20

BROOK.TURBIDITES
PLAYS 11,12,19,22

[
o2 NANUSHUK GP

BROOK. TOPSET
PLAYS 13, 14, 20

T/;E
SSMW o= TOROK FM |-
"“Q§§jf%fﬁﬁﬁi€§ﬁ'*
& =PT. THOMSON SS
@ HOMSON 33~
© KUPARUK SS

itd

BROOK.TURBIDITES
PLAYS 11,12,19,23

JURASSIC
SS*

i

=)

|~ —
% SIMPSON SS| -
-|BARROW SS
SAG RIVER FM

SHUBLIK FM

IVISHAK FM

KAVIK SHALE

ECHOOKA FM|=
REORRe

LISBURNE GP
WAHOO FM

ALAPAH FM.
WACHSMUTH FM.

@ BEAUFORTIAN
PLAYS 8,9,10,17,18, 22

SEQUENCE

BEAUFORTIAN
SEQUENCE

7. SADLEROCHIT GP
PLAYS 3,6,7,15,16

LISBURNE GP
PLAYS 3,4,5,21

ENDICOTT GP

KAYAK/KEKIKTUK

5§
ACOUSTIC

BASEMENT
(ARGILLITE)

o~ ? o~

ENDICOTT GP
PLAYS 1,2,3,21

e~

UPPER
ELLESMERIAN
SEQUENCE

PU

LOWER
ELLESMERIAN
SEQUENCE

TAB

FRANKLINIAN
SEQUENCE

—‘ GUBIK AND E. UMIAT (350-900 BCFGR)
/WALAKPA (32 BCFG)

KUVLUM (325 MMBOR)
HAMMERHEAD (RU)

SIMPSON (12 MMBOR)
FISH CREEK (RU)
UMIAT (70 MMBOR, 0.05 TCFGR)

NIAKUK (65 MMBOR, 0.03 TCFGR)
PT THOMSON (300 MMBOR, 5 TCFGR)

Beaufortian = Rift
Sequence

I —
PRUDHOE BAY (4 BBOIP)

PRUDHOE BAY(13.7 BBOR, 26 TCFGR)
NORTHSTAR (176 MMBOR)
SAND PIPER (RU)

SESUERER
Sequence

Frankllnlan
Sequence




ELLESMERIAN SEQUENCE BASINS

172°  170° 168° 166°

162°

160°
T T

164°

156°

154° 152°
I T

158°

136°

¢
POPCORN

/

CRACKERJACK

BROOKS  RANGE.

-+

[]
[]

E(
ce
¢ FIREWEED
ANTARES RION
F MUKLUK-SANDPIPER
N\,

S0

UPARUK

N
SQUARELAKE } ™~

IAT

U —
B, __,,-")g‘_l‘_GUBIK

{q
S
g BASIN

A UMIAT

~FRopy

o EXPLORATORY
WELL, P&A

@2 -y
FIELD FIELD

SEISMIC PROFILE

150
1 MILES

50

= ————

50

0
KILOMETERS

W
=
~J
W
2
Q
~
|

ELLESMERIAN ROCKS IN SUBSURFACE
STABLE SHELF SETTINGS

ELLESMERIAN ROCKS IN
SUBSURFACE RIFT BASINS

ELLESMERIAN-EQUIVALENT
ROCKS AT SURFACE

Waterg

Sea"ca”adian

eaufort

B

GALAHAD
< HAMMERHEAD BELCHER

—KUVLUM &
-CORONA !
A =% 330 AURORA /
NS TINSERT
BADAMIPT- THOMSON K.I.C.#1

1 SPORDOUGH

kemig/ MEANGE FRON®

JNORTHSTAR
N LIBERTY 0”9

PRUDHOE

S

N

%

P ————
voLeaeee

o/

150°

Sherwood\....\Figure Chuk-06-Map-Ellesmerian Basins.cdr




172°

170°

RIFT SEQUENCE TECTONIC FEATURES

168°

166°

164° 162° 160°

158°

156°

154°

T

152°

T

T

140° 138° 136°

I

I 1

N,

R,+* Hypothetical

! Shelf edge onshore from Bird (1988, fig
16.15) and Moore et al. (1994, fig. 13)

IO Ll .,

BROOKS  RANGE.

+

WOLF_/
CREEK

.
¢“\

N\

"Q Rift System

*»
Barrow Arch

N Waterg

i
U N, )>./

y
Ke

UMIAT }
\,

GAS

O EXPLORATORY
WELL, P&A

50

0

SEISMIC PROFILE

FIELD

150

Arctic Ocean

aufort Sea‘Canadia

- -B-e---' ""-'--""'“"---~..

~el -
m
py)

RAB&), — ¢

— <NORTHSTA HAMMERHEAD  pE|C
KUVLUM &

AURORA

 f
'y LI§§W: WW / COFSQN

=

-
~ Rift Grabens

D Active Rift Zone

Area Underlain by Stable
Shelf and Basin

Sequences Equivalent to

MILES

50 0

=

0
KILOMETERS

/

Rift Sequence

Sherwood\...\Figure Chuk-07-Rift Basins.cdr




174 164° 162° 160° 158°  156° 154° 152° 150° 148°  146° 144° 142°  140°

T

BROOKIAN SEQUENCE BASINS AND PLATFORMS

I T T T I I I [ T T 1
NORTH
CHUKCHI

|:| TERTIARY

[ ] crRETACEOUS

(‘)\~
GALAHAD,
.HAMMERHEA\D &
A LBERTY @ e (OVEUM o

A CORONAO~AUR-
PRUDHOEr /’,th = OQRA
KUPARUKi BADAMI . _ K.I.C. #1__A ! &

g
OUMALIK T
SQUAREV\I;AKEL]R/I A ’ 3*% Q ANGE FRo\\(\
o] KEMIKZ X
LEgys = ‘a

ANWR

-+

EXPLORATORY oIL GAS
o WELL, P&A . FIELD FIELD

SEISMIC PROFILE

50 0 150

= = = E L 1 MILES
50 0 150
Em=m= : 1 1 KILOMETERS

/

Sherwood\...\Figure Chuk-08-Brookian Basins.cdr




Why So Rich?

Reason #2: Presence of

many complex structures
which created numerous
potential traps




COLVILLE FOREDEEP BASIN
(BROOKIAN)
HANNA TROUGH - ARCTIC ALASKA BASIN BARROW
HOPE BASIN HERALD ARCH FOLD AND THRUST BELT (ELLESHERIAN) ARCTIC PLATFORM ARCH
(Paleocene and Younger) TUNGAK NORTHEAST
AKULK G=ddkn TUNALK PEARD S BARROW 1
0 0 - T

S T
\

w P e o ot P p \ ,wu‘mum ‘,‘ \w"" 1ﬂ "W" WY
o | s, 'jwwﬁmy'"w o W“"‘”M i "M\,“rwy LI # . .v”‘ | LN ) , " ; -
[ ‘l"""v‘,wn o w{\‘ Pl it ! ' i ] —Z‘OUO(ﬁlﬂm) ,,r ; w L e T e e 2000 (610m)
i ! f ) pn h e i o e
& gy B ‘"\.‘M.W' ) 4artly S & A . ’ o 1 ] A P

"‘\uwl L] Al m”‘%. ‘ b 1 {BROOKIAN W !

N A LM RN NN A
i

/ i b o L
AR iy " q‘\}"l.lu Al ] ‘J‘;\"‘ Ty T
y'{fﬂ[fa\';?"f N SEQUENCEf #HFe\A 4 4~ 4000 (L220m) J “ e 1‘\"’ ™ “'*m" il
i I

! et y ]
/ ‘ : S, “A r L ymm
R ] ¢ [ R R eV o ‘u" ! Sl ot o IR ] 00N
A i I v\‘ L A, o o . / CHELLESHERIAN™ ‘i ",
PN 1 g fith AP o D ol e ! ‘
TN W N "m WAL N A/ ‘ - ssn)
vt / i I K v

Cl

"
w "*‘NN g \M"“" -

o
o=
o
—

‘/‘f A s, ) i o i fs
w o | A ' iy 8000(2440m
yhr”u’ﬂ‘ y\ /‘\y;: ! $ e /3 | f [ )

¥ M, v R 8000 (2440m)
A B B by
WM,‘!\,V‘

., N [ p " 3
| / / 4 IS L R - et . ) T A H"u TG g ~
ol W i | ', ol Db Ao Bl 1= 000600) = A et A R o B 0 ALY \“s w‘ “\L“‘—mnan(aoam

L
1 It n ¢
{ N N

WETERS)

iy ) A ) . ] - L, o ) A iy b -
“”"“\‘,.‘,n i N N e /o (Beom) L, . D v Ml A . 'Q“ - 2003860
! —14000(4‘270 m e - 4000 4270m
3 o0
- om0

4 100 :100m)

(FEET

: -15‘000(4‘38%](,, - ,,* et

i vy W ' =

’;w‘/ SEQUENCE,,J 0 :?‘u,; Sy -13‘00[](5‘4g0m]f e S g0 it "m'w 'V L, , o

T v I ] st o o) o ol My
”““ / "l'u“\s‘m/ﬁ’“:w”‘"‘“yﬂ'af‘ ; ""“*i“;"?f e /4 ,.J ,,5 ! ) / ,:{ ')*',‘

'ﬁ“;\'\q,“\“w’u( AT \ y i " ,W/{”/\'“‘/P"f\Ll\:ﬂ\v';\u/u \ " “-,M. \ .r\w:'w\} \\ )'w . M‘v.ﬂ S y }'\ ot o/ ) oy ‘A ;‘;,“‘f ’ ,'
""'r‘ AN, st I‘Jw'\ « T fha i RPN P Al PRI B i y‘"‘.
! "N A »‘\ J RN # * i | R o, L e
V‘hﬁ B M m N .'\ Q\h :\."“ X /

1.‘4‘\.‘\ v
i

et

EPTHS

ATED

’ l
N ) \ ‘
,‘.%n. M o e N 1) =
(w- 0 \, ) =
i n.
v/w:‘\y(ﬁ}wt:"ﬂj\“} ,"?f?( A 'S\\I ) 8 'l A 1 o s b 3 M }v \Q“"'. “\ ‘ \ \.\-
i ,«”w&,‘/ﬂ;/wm i u, ‘M\ o MN), o w; Skl = o (4 ”.; ™ > MLRRREN A ”"\/"J.‘\.‘m'\a.. - w:w - 00 50n)
il b AN iy y HEAL o ISR NI i

AR v M”»;’J”f‘ ' "‘\:‘” W‘ i i Yo ; ‘w ;‘ir oot Y \,, EXOTIC TERRAE OF ODESTLY ' ]
o ‘\w oot *w"ﬂm\“ ’r.?ﬂ:w'r’.i A d.‘w-ﬁ.\.\/«,..; A Ll s il Sp A ! M. M1 DEFORMED PRE-MISSISSIPPIAN w
102 s e e w0 i@ e TS i i A S VO . :3‘/ Nk ) ROCKS i
INDEX MAP j : wpe ol ‘ R A 1y ,,w v «M .—35‘000{1[]‘675m]

i ) ‘ x,‘\u. 5

% / ‘ ‘
Wb | e i h . e LA LA “ A ‘ W
H i JM g i Sl '\j“ 0 SR I [ ’l A \'4\” A\fl/ \t‘h /\ y Y
df e 1 M ) .

A\‘ﬂ

N
‘M “!'M

J i ' I o u,
i / PORCORN - iy v » i} Pty " L i y A fW ) * "
M oo LN TR UG O R ‘ A “;‘» Wt L o)
\_ CRACKERIACK B A AN R o oo i = : i X
o ¥k ‘ A PR (UL PRV ot PN V(.‘I'h\ll“ N
Interretation of unmigrated ne pu] ® o4 ) X A s K i . ,"l.w“ !
T NS T006 1871 7o T o Arctic Ocean \w\‘-}l‘f"l A W s mm )
» ION A
e M%méjwwfmwm cungo, A
. J NogTHsTAR HANMERHEAD. v It [Phn b ’v i
< S e S : AR

EEKe

|
- ° - Ny i
MEADE f i p iy / .\w A ﬁ v.LmH,
| Ao pHoE>TF v
( it ; 7 e o
SoURDO!

QALK !
'SQUARE LAKE

NPR-A 2'%;( umar ( Intepretaton ofunmigyated e published by Thursion
[ OV DMETERS s (WS ET06, 158,12

BROOKS  RAN

’Q/?Q/v:r

EXPLORATORY gy OIL @
@ WELL PeA FIELD

FIELD
SEISMIC PROFILE
150
MILES

50
KILOMETERS
T T




TIME (SEC)

CHUKCHI
PLATFORM

WEST

ELLESMERIAN
RIFT BASIN
(Hanna Trough)

EAST0

KLONDIKE

| gy e By e
BT bl W | i
i .\”V"”":} i “‘Hw“”‘“u i 1! Tl :wa s
i » g n ! \‘ g i "
n "w L

', T g it ‘1!\

. ““w il U e i el

| A 1

i \1 m ”Hf,l\‘ o \\0 ‘” I\H : |”‘w
iyl ™ i

||h|m‘\ i)

bawisl| s

\" pe e (L

oy
bt (AL T

L ml\ \“ S L I

= P LR

e Ll b B R \

‘
.‘,a‘.."-"'.‘.” ‘

""'H.\IH"' it
it
e,
A
e L

Y L)

1
n“n‘l ""A. *Iﬂ A
ELLESMERIAN m..ﬂ'.;mu !
_‘;‘r‘. il SEQUENCE “'1‘:‘ ! 0‘ i
o h Ll l‘” 'J“F'“m. | i \“.‘ "
,HNII X ‘.“‘I {rr{'."” ; 'm"M‘ fnghi, ™ pel Y ¥
) u."‘.;}r‘"

,-w i v"'-]"-‘

n (S ‘.‘\‘ g i o 'l i ‘ ' un ‘ FMM..‘H‘H i

‘wm\m“w,w HFI‘.‘.”V..‘. |
It
PRI iy i b J.,‘rl.w.,.rr,;h ' u : fna ) ‘?‘uh"‘.‘w

‘ b i A
B ." “.". “ i “.‘:‘f g wl ..,w...w.'. b .w...rm, o.‘-.-.‘m.w it - N -‘”"""‘”r..u. .v-..mf -'_. X
i B A oo ol o, oL, o Rt ; T e
L e L Bl Pl mmm‘, T

!
e ps W i ¥ e m
[

i
] ke “" ‘ ’ | 1 { el Ul s | . |
SBR[y | 4 W P 1 2000 (610 m)
‘ iy, o e NBROOKIAN]|
T ¢ SEQUENCE

| . L Y A
T prin e e fy . i i L | T 111

“#‘":-v;"'h‘ h”{wﬂ“ﬁ.m.‘...hw i L IR 4,000 (1,220 m)

sttt (AL |
RO B 12 oy e o) Sl O L} 6.000 (2,830 m)
o ,“h..‘...u. i W LR AT i e m:.,‘

Sy A o gl ' : T (R
e e il o

o I m I‘
=B e ) ‘
L i ] el Pnl) B 0 10,000 (3,050 m)

12,000 (3,660 m)

e Ty T e
“‘-—.'—- oY S Jsmm, il =

14,000 (4,270 m)

16,000 (4,880 m)

18,000 (5,490 m)
20,000 (6,100 m)

it i

— 8,000 (2,440 m)

;Hw,ﬁéw9

:
ten| Tl W | ey i i -
.

I Wn - 1
e : i,
Ll g .1"""-.. sl

gl g o S,
N I 1 b T i e

m | el
aly ”H"”“JH...\ ‘

el o= el N

o
.:H“‘MIJ‘,I gl Whatvy e
!

i
e i

e ,H-.-‘." e ) et SN \ ‘FJ:‘:J‘I" o i .ﬂw y ""-‘n.-“”’ Ay 25,000 (7,625 m)
I il

P v T L T i U T I T

Chukehi Sea INDEX MAP

"\ CRACKERIACK
&

X oiamono°

il

poces L FREVEED

g e & RN oupoper
o kLU S

%MAR; %o
FISH CREEK® Yp/2
J ALPI
QALK
soumz LAKE{

NPR-A cwEKK uMAT

NEADE

BROOKS  RANGE.,
+ Royy
o N @S, @G

SEISMIC PROFILE

150
KILOMETERS
T T

] lgtinf il |
e 'J‘v‘ S i u..h Pl el (AL
Lt '“-w. g Ll [ “ﬂ' iy ol v e i
0 . ol N ity e
‘J..‘.,l‘h.j‘\r r""“‘"r.\"ﬁ Nl . f""!{.-‘ "VH e R N B i =8~ 30,000 (9,150 m)
ﬁf“ mm.$ﬂwwﬂ$mﬂ”hkmﬁ«#%‘ T
gy anentn Ve S B L ' K ﬂ-' A
*'”'-T"";"J.‘5‘;,H.M;o""‘r"“.:f w,y iyl “;"‘l“" '-g H'FF'L,{" [\ " -""..\M e t‘m g
BASEMENT "‘i‘\." et sl "JA..‘..‘ ”;.'.,m‘,""’.."m.‘l \','” o A y ”/””‘ ol '"\Mh'.“"-m'\
-u,“w‘,‘.“,‘,\‘, PR, DDA Wi Wi e g LY Fﬁ.m.,‘...‘.'u (il gh 2
g m’.ﬂu i A A e R
I , .r'," '*.J'”".Mu.M.“"w..”-\"

" e
T VI i i

——
e BRI

Y T Y VO E \H“,f i "!‘H '| '.1" "W'\ |"I|""'w|||’i 'H O . ]
’

g
S
g
§
Arctic Ocean “,é?
ie
i
ig
ig
8

35,000 (10,675 m)

_ norfustan om\mww
27 mv/f o ﬂ“‘”,”‘ il
P 3 sy il iy e v "‘.14 g ol m'

O .W lbp g ol b P b ] ) s
i ‘"N‘N‘ i ﬁ'” "' 'f"r,“.."'w”.w"“f‘a“ ! .' "J hm ‘.-"'"..',.,r'
" 40,000 (12,200 m)

] g 1 0
Yot Tiat oSe f,,'l.‘

g g )
10 MILES Pe(k?): Permian, shales equivalent

[ ] to Kavik Formation (Sadlerochit Gp.)
I

i fa i 5 i i
Fnlit i ,*.‘. b R el gty
iy h-i,--""-"‘f"‘“ B A i A R A ity e

10 KILOMETERS

APPROXIMATE DEPTHS (FEET, METERS)




ELLESMERIAN RIFT BASIN
(Hanna Trough)

BURGER

ARCTIC
PLATFORM
DIAMOND

0]

BROOKIAN
{SEQUENCE
iy w".“m‘.

A ‘I.,H ":d' F“‘v‘: o “\ B £ -vm-yl*jm\f_m ‘
Bt

xu‘.sw

Minel |‘.‘N‘ W
i} ‘....-M"J”'.a‘&l" B

RIET .H.L.‘JJ\":';HLH.hmu. ‘(w‘“"v\:"‘f\v .\#-
SEQUENCEwT

" ',.-"“..m‘.u-i—

"
el u' A\

gt i
4 ||‘ \I | ot A

Long
et st :

'l

SEquNCE

.._M g '
oy YAy uf

ity :" "Ew W g \I.“\"I”\)lfi
4'. I“I'H ,MI.. '\1.:1“ \.'“‘.”'\"

W I
Hli ‘.v ",r"

b
PTG AN
L "'M.‘ll‘ i
(L
‘-...,||.

\'u \

T Tk
“‘l. i o 1 v el i ‘-l'f’\' N

i Rl
i

wF’" F fn"_1,;.‘,‘iw;ﬁ‘-\-u-¢" !

= T i
ELLESMERIAN M_ A e
{ ‘

¢ i
" \.:Ft"h'"“ ‘\"'f

Al Pl "-'“"‘k".iﬁ A ’.'h‘!"\:. M

2,000 (610 m)

T
e
4,000 (1,220 m)

:
i o T

6,000 (1,830 m)

PW”?

i l a1

| :
- LT
U it g
/
iE ik ) /

B ’
y o omg
”IA'!.)HF \‘ h huf

i 8,000 (2,440 m)

10,000 (3,050 m)

.'\'i‘ “.|f

L 12,000 (3,660 m)
i 14,000 (4,270 m)
"\.“JM"‘I"I'“ L 16,000 (4,880 m)

: 18,000 (5,490 m)

F""“\r"‘r‘ ""‘"'T
AR
it
— 20,000 (6,100 m)

it

“.‘A ¥ .{'ﬂ .""“'“-"' J l.*“
f \'I"JI

'u'.lh"r' u \‘ i

AT (A

\ e AR — 25,000 (7,625 m)
WO hl A '!""'
“ﬂf 'y Mt iy u-.
A

ROXIMATE DEPTHS (FEET, METERS)

,.‘v‘
L

! ,‘.w ‘ﬂ'v
i
! iy

F A ‘.‘_‘l‘ i
g '..’.v\“\'\.‘”.\" w.u ALRAL™
i .“."..“ g iy
\u

‘M..‘ AR P

[ i

ity W
“4“’W?“1nv
! " WA

Uk M.J‘-\‘ M ‘,“‘Wﬂl‘“w M\m #\1 il
i 'r“‘"-“‘#v"i\ N'.'.w.l" kI ,n“' i
LR it iy
) i il ‘:‘ “L“"ﬁ‘\“" \“\";\\l wh"" ‘n\\'\‘ s Ii‘\“v:""““
f} ‘ ) T 1\'\ " I..r",‘-" ‘.“'|ll:\ i N " \1'\" o ‘F'I\‘\_".u\.u‘ L
A ) [ Al gl Ty (AR
‘"‘\;\M gk, ’ :T‘:IF'E‘ I';.":.\»‘:::;‘_ L ER M.m‘k\"

AL u""“&“ 1. \\"‘LLL BT

e
A i ,lr‘, lll.,r"I
P T T 152

w_:"
Chukchi Sea

INDEX MAP

BCORN

\_ CRACKERJACK
¢

KLONDIKE BURGER

'/ FIREWEED

" PANTARES
TR
S %

IS MUKLURK

ALPINE
UMALIK
« SQUAR/E LAKEE

10 MILESY

Mlgrated line. Sherwood et al. (GSA Spec. Paper on
Bering Sea-Chukchi (in press) 2001, pl. 2, line 2)

Jk(e-m): Jurassic (E.-M.) Kingak Shale

Pel: Permian Lisburne Gp. carbonates 10 KILON

wol
NPR-A CREBK

BROOKS RANEEH - ;
+ “Onr
o BTN @ oL @,
SEISHIC PROFILE
150

MILES

150
KILOMETERS
T T

ks o6 |
mﬁ;yfw

Avrctic Ocean

A
SANDPIPER

GALAHAD o,
NOBTHSTAR  ©auMERHEAD

i

oA P

BELCHER
LBERTY ]




Fish Creek Nechelik BARROW HINGE NUWUK
Platform Basin ARCH LINE BASIN

EAST
TESHEKPUK

601
601
1]

JW. MARS FIREWEED

ANTARES

£l 2,000 (610 m)

&-.4,000 (1,220 m)

i

416,000 (1,830 m)

~— 8,000 (2,440 m)

:%10,000 (3,050 m
1 '12,000 (3,660 m
114,000 (4,270 m)
'16,000 (4,880 m
~'18,000 (5,490 m
4—120,000 (6,100 m

AR IR T IR TN W R

) AN

561515 152 15014 16 la 1o 10 1%
T

INDEX MAP

Mt !
g = 25,000 (7,625 m

&

\
"\ CRACKERJACK .‘ll
\ >4 )
_KLONDKE ~ BURGER o _crgor Arctic Ocean

A
RION s ANDPIPER
UK /

swgog,

JANMERHEAD
R

LBERTY /'W\?COF“N

NORTHSTAR
P,

DAL ARET AN R R A A 2, BN — 30,000 (9,150 m

BELCHER ",

e iy M M LN
[ TINSOF R, J
g ; %W o ine published by \
NPR-A  Cregd UMAT! A ANGE FRONC B85, pl. 4) v

7 T o TRy TR TR A Y » .

urassic (E.-M.) Kingak Fm.

oy,

EXPLORATORY oL GAs
@ WeLL, PeA @7, @i
—_—  SESMICPROFLE

50
9 ISOM\LES

150
KILOMETERS
T T

\
140°




ki
< ARCTIC NATIONAL WILDLIFE REFUGE (ANWR)

DEMARCATION SUBBASIN

EDLOCK N-

“KAKTOVIK BASIN”

NIGUANAK HIGH

56 (CANADA)*

HERSCHEL ARCH
BELCHER (U.S.)

NATSEK E-56 (CANADA)'

NORTHWEST

o
|
@
L
=
[

_\‘# A el
'u- M /:- .Wﬂ r\:,
"\,\ 4 J o

\». "
» "\"\. J LYY

J\
‘\‘ \ij. .wu«a V\ \
R YA ”'":\‘ RN \ i, "\'--,Jf".":/»h."‘ A

A'ﬁ'

. "-N‘V"“‘ \‘f\.n DUPLEX STACK" ‘” :
\/:m\h' o ”'l.«"’x? £ M‘v""" we

T p— e T

T Sy Bl

Ll g,‘.\e‘ "
¢x¢‘nef,//.v~“‘ /"’]' : :
\d é’eque ceju, f ‘,'\ r" ’
‘ I// el o

v . ," t

N

i / . K
[T Y
My )/.
( "
\n‘ A t" '-" \"“'

.uj-'H w//’”; \
il

S .',""

ANTIFORMAL [t */“" "'ﬂ'“”'

166° 164°  162° 158" 156°  154°  152°
T T

150°  148° 146 142° 140
T T T

INDEX MAP

L g

\_ CRACKERJACK
&

N\ PORCORN

DIAMOND

KLONDIKE G / o
/ BARROW.

_CABOT

NTARE

V\ RION
WALAKPA Q%O

MARS -0

MALIK_
RS SQUARE LAKE

wol
NPR-A CRE;K T

BROOKS  RAN :
+ Ry
- olL

@5
FIELD FIELD
SEISMIC PROFILE

I shelt edge onshore from Bird (1988, fig 150
16.15) and Moore et al. (1994, fg. 13)

& EXPLORATORY
WELL, P&A

MILES

50
KILOMETERS

/ ,FIREWEED

g MUKLUR
ey st NORTHSTAR
e i UBER’TV e iy
o - FISH CREEK® (3 OCOR,
/ey ALP\NE PRUI mf X
UK BADAM‘PT THOMSOK

‘GUBIK

Arctic Ocean

SANDPIPER
GALAHAD &

OH/\MMERHEADQQBELCHER ol ¥ r"'

m‘"-z.(q b W \ \m"ﬂu i

e N

“"’,“u RORE NN

™ W'l."" w e

— 2,000 (610 m)

. |— 4,000 (1,220 m)

' 1— 6,000 (1,830 m)

— 8,000 (2,440 m)

— 10,000 (3,050 m)

1— 12,000 (3,660 m)
"\ 14,000 (4,270 m)
)

)

— 16,000 (4,880 m

j— 18,000 (5,490 m

- .,mu',\,y .
- '.“"/' r,”\,.“._.

— 20,000 (6,100 m)

»
--A1— 25,000 (7,625 m)

-— 30,000 (9,150 m)

"L— 35,000 (10,670 m)

‘— 40,000 (12,200 m)
|

'+ | 45,000 (13,720 m)

e QANGE FRON® :
blative
ks at

thers,

10 KILOMETERS

APPROXIMATE DEPTHS (FEET, METERS)




Why so Rich?

Reason #3: Numerous large
prospects




ARCTIC OFFSHORE PROSPECTS

Prospect Areas Compared to Pool Areas for Selected North Slope Fields
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Statistics for Untested Prospects:
12 Prospects > 150,000 Acres
24 Prospects > 100,000 Acres
95 Prospects > 40,000 Acres

0 200 400 600 800 1600 1200
Rank by Prospect Areas (n=1,129 [Chukchi, 856; Beaufort, 273])

Sherwood\...\Beaufort & Chukchi-Ranked Prospect Areas.cdr

1




The MMS Assessment

Method




Play ldentification

(“Play” = genetically-related group of
pools, sharing hydrocarbon charge,
reservoir, and trap styles)

MMS Arctic Plays
1. Grouped by Stratigraphic Sequence

2. Structural Setting
3. Reservoir Thermal Maturity (All Gas?)
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MMS

Stratigraphic Column
Chukchi Shelf, Beaufort Shelf, and Arctic Alaska

AGE MY | STRATIGRAPHY

BP | soum (NORTH)

LITH. |[RESERVOIR/

SOURCE

PLAY
SEQUENCE

MAJOR ARCTIC
PETROLEUM DISCOVERIES

QUATT [ QUBIKEM ]

CENOZOIC
IARY

E SAGAVANIRKTOK FM.

COLVILLE GP

g
f~ 100 |5 NANUSHUK GP
Ory;

CRETACEOUS

KUPARUK SS

BROOKIAN
SEQUENCE

,?"‘{KUVLUM (325 MMBOR)
PUHAMMERHEAD (RU)
CANADIAN BEAUFORT

(17 GAS, 22 OIL, OIL AND
GAS FIELDS REC. RES. =
1.1 BBOR AND 12.7 TCFGR)

—L:} BADAMI (120 MMBOR), FLAXMAN ISLAND (RU)

.( SCHRADER BLUFF (400 MMBOR)

WEST SAK (300-500 MMBOR)

.{ TARN (65 MMBOR), SOURDOUGH (100 MMBOR),
MELTWATER (50 MMBOR), TABASCO (30 MMBOR)

SIMPSON (RU)
@ FiSH CREEK (RU)

UMIAT (70 MMBOR, 0.05 TCFGR)
@ GUBIK AND E. UMIAT (350-900 BCFGR)

MESOZOIC

JURASSIC
sSs*

KINGAK FM

JURASSIC

©
£|sIMPSON s

BEAUFORTIAN
SEQUENCE

WALAKPA (32 BCFGR
/" NIAKUK (65 MMBOR, 0.07 TCFGR)
@ PT THOMSON (300 MMBOR, 5 TCFGR)
ECN { KUPARUK (2.8 BBOR, 1.0 TCFGR)
MILNE PT (220 MMBOR, 34 BCFGR)
® . PT MCINTYRE (340 MMBOR, 710 BCFGR)
ALPINE (429 MMBOR, 60 BCFGR)

S.BARROW + E.BARROW (39 BCFGR)

on L OOJ

ol E BARROW S
[ O ¢ O LREEN RS
0 14 3¢ Sacmveren
8 g SHUBLIK FM
g E
2 § WisHAK Fm
5z % avik swaLe
PERM WS 2 Jrerooramy
LISBURNE GP
—300 | WAHOO FM

PENN.

ALAPAH FM.

PALEOZOIC

WACHSMUTH FM.

ENDICOTT GP

ACOUSTIC
BASEMENT

(ARGILLITE)

MISS. 355 L
£3E KAYAK/KEKIKTUK
] s
z e

DEVONIAN|

AB: /\/\/\Q\MN

ELLESMERIAN
SEQUENCE

FRANKLINIAN
SEQUENCE

PRUDHOE BAY-SAG RIVER (4 BBOIP)
PRUDHOE BAY-SHUBLIK (250-500 MMBOIP)
PRUDHOE BAY(13 BBOR, 26 TCFGR)
NORTHSTAR (204 MMBOR)
X | SAND PIPER (RU)

GWYDYR BAY (30-60 MMBOR)
N. PRUDHOE (4 MMBOR)
EIDER (ENDICOTT) (5 MMBOR)

Jp¢{ LISBURNE POOL-PRUDHOE
X UBAY (206 MMBOR, 1 TCFGR)

. { ENDICOTT (600 MMBOR, 0.9 TCFGR)
LIBERTY (138 MMBOR)

EXPLANATION

BU: BROOKIAN UNCONFORMITY
Lcu: LOWER CRETACEOUS
UNCONFORMITY
Ju:  JURASSIC UNCONFORMITY
puU: PERMIAN UNCONFORMITY
TAB: TOP OF ACOUSTIC
BASEMENT
* INCLUDES ALPINE, NUIQSUT,
AND NECHELIK SANDSTONES
OF KORNBRATH AND
OTHERS (1997)

KEY COMMERCIAL
OIL RESERVOIRS

Il «ev oiL SOURCE ROCKS

l:l SANDSTONE

METAMORPHIC

@® OIL FIELD (RESERVE)
@ GAS FIELD (RESERVE)

CONGLOMERATE L+ OILAND GAS
FIELD (RESERVE)
SHALE MMBOR: MILLIONS OF BARRELS OF OIL,
RECOVERABLE
SILTSTONE
MMBOIP: MILLIONS OF BARRELS OF OIL,
IN PLACE
LIMESTONE
BBOR: BILLIONS OF BARRELS OF OIL,
DOLOMITE RECOVERABLE

BCFGR: BILLION CUBIC FEET OF GAS,
RECOVERABLE

TCFGR: TRILLION CUBIC FEET OF GAS,
RECOVERABLE

RU: RESERVES UNKNOWN

RESERVES FROM AKDO&G (2000) AND OTHER SOURCES AS OF MAY 2001

Brookian
Sequence

Beaufortian = Rift
Sequence

SESuEER
Sequence

Franklinian
Sequence




HERALD THRUST, FOLD AND THRUST BELT,
OQAND TRANSTENSIONAL FAULT ZONE

168°
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OCEAN

Explanation

Exploration Well, Plugged and Abandoned,

Point With Gas Shows in Lower Brookian Rocks

Hope
Axis of Anticline, with Arrows Denoting

Plunge
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STRUCTURE AND THERMAL MATURITY OF TRIASSIC

OIL SOURCE ROCKS IN HANNA TROUGH
Estimated Potential Triassic Charge to Chukchi Shelf = 2.97 Trillion Barrels

(Sherwood et al.

1998, p. 144)

165°

POPCORN
SHUBLIK
NOT PRESENT

CRACKERJACK
SHUBLIK
NOT PRESENT * %

)

162°
- 72°

760 AT LCU o~
Sopd

& = SHUBLIK ONLAP EDGE

DIAMOND i
0.84% VRro -~

NOT PENETRATED EB P, 6,000

AT TD (8160 FT) X/\ T

8,
.00
~ 10,000

B [
KLONDIKE
0.66% Vgo

10,0, 8362 FT/TOP SHUBLIK
o 8637 FT/TOP SAD.
1.35% Rg Wa'”wr'gh‘

9359 FT

OFFSHORE MAPPING BY MINERALS
MANAGEMENT SERVICE STAFF
(S. HURLBERT, S. ZERWICK,

K. SHERWOOD, J. SCHERR,
J. CRAIG, P. JOHNSON,

D. THURSTON), COMPILED
BY SHERWOOD, 1/93.

ONSHORE MAPPING IN NPRA FROM
BIRD, 1988, U.S.G.S. pp 1399,
figure 16.13.

DATUM CHANGE AT SHORELINE
OFFSHORE, TOP SHUBLIK;

=

ONSHORE, TOP SADLEROCHIT
(BASE SHUBLIK).

LCU: LOWER CRETACEOUS
UNCONFORMITY (BASE PEBBLE
SHALE)

JU: JURASSIC UNCONFORMITY (LATE
JURASSIC TO EARLY CRETACEOUS).

POSTED VITRINITE REFLECTANCES ARE
FOR TOP OF SHUBLIK FORMATION. ONSHORE
DATA CALCULATED FROM JOHNSSON AND
OTHERS (1993, AAPG, 77/11, 1874)

SURFACE THERMAL MATURITIES IN BROQKS
RANGE FROM JOHNSSON AND HOWELL, 1996,
USGS MI, MAP 1-2142

SURPRISE CREEK LOCALITY DATA FROM MULL
(1997, AK. GEOL. SOC., APRIL NEWSLETTER
AND PERS. COMM., 1998)

Point Hope

HYPOTHETICAL OIL
MIGRATION PATHS

OIL GENERATIVE
(0.6-1.35 R0%)

BASE_OIL_GENERATION »ONE

2.0% R
SHUBLIK _EXPENDED  FOR OIL- M"

e

TUNALIK
3.00% VRO

S7,— 14400 FT/TOP SHUBLIK
14715 FT/TOP SAD.

TUNGAK CREEK
" NOT PENETRATED

Point Lay

~~

Atgasuk
A i 10,000
2.01% VrRo
9565 FT/TOP SHUBLIK
9925 FT/TOP SAD.

’\\_/_,

14'000

22,000 —

AKULIK
w + + 69°
SHUBLIK NOT =] SURPRISE CREEK-
PENETRATED SHUBLIK (OTUK?)
EAGLE CREEK EXPOSED AT SURFACE
SHUBLIK NOT 0.7%-1.4% Ro
PENETRATED

ARCTIC OCEAN

ALASKA

PACIFIC OCEAN

50 Nautical Miles

50 Statute Miles

GAS GENERATIVE
(1.35-2.0 RO%)

50 Kilometers

ONLY GAS PRESERVED
(>2.0 Ro%)




ARCTIC OFFSHORE PLAYS

2 Franklinian Sequence Plays (1 Chukchi,
1 Beaufort)

9 Ellesmerian Sequence Plays (6 Chukchi,
3 Beaufort)

4 Rift/Beaufortian Sequence Plays (3
Chukchi, 1 Beaufort)

24 Brookian Sequence Plays (16 Chukchi,
9 Beaufort)

39 Plays Total




Basics of Assessment Method

® Determine Sizes and Numbers of
Pools

e Summation of Pools

e Acknowledge Uncertainty
(Reflected by Ranged Estimates or
Probability Distributions)




POOL VOLUMES

(Acre-Feet)

e Prospect Areas from Seismic
Mapping.

e Fill Fraction Estimates (Analogs;
Seal

e Pay Thickness from Regional Data

,_’il\mws
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PROSPECT NUMBERS
(Probability Distribution)

1. Numbers of Prospects from Seismic
Mapping (“Ildentifieds”).

2. Numbers of Prospects Not Mapped
Owing to Deficiencies in Mapping
(“Unidentifieds”).

3. Create log-normal probability
distribution between minimum and
maximum.

,_’il\mws




CALCULATE NUMBERS OF POOLS

e Construct Risk Model for Play to
Estimate Exploration Chance

o Set Exploration Chance Against
Prospect Numbers to Calculate
Probability Distribution for Number
of Pools




DEFINITIONS

1. Pool: hydrocarbons in sufficient
concentration in a pore system to
flow Into a conventional wellbore
(may establish minimum size if
feasible)

2. Successful Play: any play known or
believed to contain at least one pool
(play chance = 1). All others <1.0.

,_’il\mws




MORE DEFINITIONS

3. Prospect Chance: Assuming a
successful play, fraction of prospects
that contain pooled petroleum

4. Play Exploration chance: [play level
chance] X [prospect chance]




Play Risk Model

Risk Analysis Form - 2005 National Assessment

Assessment Province: |Chukchi Sea OCS Planning Area Play NMumber, Name: |¥. Rift Sequence-Active Margin

Assessor(s): | K W. Sherwood Play UAI: | 2485880 DAH

Date: | 1-Jan-05

For each component, a guanfifafive probability of success {i.e., between zero and one, where zero indicates no confidence and one indicates absolute
certainty) based on consideration of the gualifafive assessment of ALL slements within the component was assigned. This is the assessment of the
probability that the minimum geclogic parameter assumptions have been met or exceeded

Averge

Play Chance Conditional

Fact:
actors Prospect Chance’

1. Hydrocarbon Fill component {(1a* 1b * 1¢)

7.0000 7.0000

a. Presence of a Cluality, Effective, Mature Source Rock

FProbability of efficient source rock in terms of the existence of sufficient volume of mature source 1.00 1.00
rock of adequate quality located in the drainage area of the reservairs. 3 -

b. Effective Expulsion and Migration

Frobability of effective expulsion and migration of hydrocarbons from the source rock to the
reservoirs. 1.00

Preservation

Frobability of effective retention of hydrocarbons in the prospects after accumulation

1.00

2. Reservoir component (2a * 2b)

a. Presence of reservoir facies

Frobability of presence of reservoir facies with a minimum net thickness and net‘aross ratio (as
specified in the resource assessment)

b. Reservoir quality

Frobability of effectiveness of the reservair, with respect to minimum effective porosity, and
permeability (as specified in the resource assessment)

3. Trap component (3a * 3b)

a. Presence of trap

Frobability of presence of the trap with a minimum rock volume (as specified in the resource
assessment).

b. Effective seal mechanism

Frobability of effective seal mechanism for the trap

Owverall Play Chance {(Marginal Probability of hydrocarbons, MPhc)
(1™ 2732 Product of ANl Subjective Playw Chance Facfors

Average Conditional Prospect Chance’
(1% 2% 3 Product of All Subjectfive Condifional Praspect Chance Facfors

T Assumes that the Play exists (where all piay chance factors = 1.43)
Must be consistent with play chance and prospect distribution -- See discussion on Page 3 of Gulide

Exploration Chance
(Froduct of Overall Pilay Thance and Average Condifional Prospect Chance)

Comments: Soo guidance docwment for explanalion of the Risk Analyvsis Form

2b: Chance That Porosity >10%, Based on Regional Model for Porosity vs Reservoir Thermal Maturity

Gas tested (RFT) from Rift sequence sandstones at Burger 1 and Popcorn 1 wells.




RESERVOIR YIELD

. Recoverable Stock-Tank Barrels of

Olil Per Acre-Foot.
. Recoverable Gas at STP in Millions
of Cubic Feet Per Acre-Foot.




@RISK Data Model for Oil & Gas Recovery Factors

Table 5: DATA SHEET FOR @RISK MODELS FOR OIL AND GAS RECOVERY FACTORS FOR PLAY 1
Assessment Area: North Aleutian Basin Date: December 2003
Play: 1 - Bear Lake-Stepovak (Oligocene-Miocene)
Assessars: W Sherwood, D Comer, . Larson

Oil Recovery Factor (barrels recoverable per acre-foot)
Input Constant and @RISK, Equation: "=7/758.35%a2"(1-b2" c2™d2"
Standard . -
Mean Deviation Minimum Maximum (=) Type
Porosity 0.314705 0.053704 0.010 0.41 4| T-Mormalf
Wrater Saturation 0.343750 0.059615 0.030 0.700|T-L -Normal

Oil Recovery Efficiency 0.346310 0.057227 0.050 0.650|F-f -Normal
0il volume Factor [1/FvF] 0.7930735 0.094369 0.500 1.000| T-Mormal

Dependency or Correlation Matrix for Qil ¥ield Calculation
Ywater Oil Recovery Oil volume
Saturation Efficiency Factor [1.FvF]
Porosity 1 0.9
Water Saturation -0.9 -0.8
0il Recovery Efficiency 0.9 1
il volume Factor [1/FVF] 1] 1]

Porosity

Gas Recovery Factor {mcfg recoverable per acre-foot)

Input Constant and @RISK Equation: "=1537.8%a2 (1 -bh2)*c2*d 2% e 2% -T2y 2"

Standard . -
Mean Deviation Minimum Maximum (=) Type

Porosity 0.314705 0.053704 0.100 0.41 4| T-Normal
Yater Saturation 0.243750 0.059615 0.0320 0.700|F-f -Normal
Pressure (psi) 2E09. 400000( 4385190000 878.000 4390.000 | T-Mormal
Gas PV (1/.5) 1.079112 0.028545 0.960 1.200| T-MNormal
Gas Recovery Efficiency 0797403 0.038362 0.650 0.950| T-Mormalf
Gas Shrinkage Factor* 0.126230 0161910 0.o000 1.000|F-f -Normal
Temperature ("Rankine) 5594 101000 18.089000 525000 E64.000| T-Mormaf

Dependency or Correlation Matrix for Gas Yield Calculation

vwater Gas Temperature
Saturation Pressure {psi) | Gas FvYF (1:5) Shrinkage {“Rankine)

Factor*

Porosity

Porosity -0.9

1
Yvater Saturation -0.9

1]

o

Pressure {psi)
Gas FWF (1.2)
Gas Recovery Efficiency 0.8
Gas Shrinkage Factor ™ L1
Temperature ("Rankine) 0

* Inclucdes gas volume fost o condensate dropoout apd cantent of Inert gases (Mitrogen, Ceoagen, Agon, Byedrogen Soificde, Carbop Dioxide, oo Helinre)




10,000 Trials Calculate
Conditional Oil & Gas Resources
for 10's-100’s of Thousands of
“Simulation Pools”

Simulation Pools Are:

1.Used to Construct Actual Pools
Forecast for Play

2.Aggregated and Risked to Estimate
“Geologic” Endowments of Plays

3.Individually Sampled and Tested for
Economic Success

,_’il\mws




Development & Economic Models

148° 152° 156° 160°  164° ° 172° 176° 180° 176°
7 7 77 7 777 ~ 7T T

Gas Development Infrastructure and
Transportation Routes
2006 MMS Oil & Gas Assessment
Alaska OCS

Explanation
YAKUTAT B Main Shorebase with LNG Plant
NOME ¢ Shorebase (No LNG Plant)
Subsea Gas Pipeline
NOR @ Central Offshore Facility
LNG Tanker Route
== Onshore Gas Pipeline

Trans-Alaska Oil
JAPS _ pipeline System (TAPS)

OFFSHORE FACILITIES
0

udhoe Bay Area
Oil and Gas Fields

o

Cook Inlet Oil
and Gas Field

l, ¥
LA NIKISKI/
KENAI LNG GOA
PLANT
oS YAKUTAT
N LNG PLANT
KODIAK

BALBOA BAY

LNG PLANT LNG Tankers To

U.S. West Coast
150 wiles
150 Nautical

Kilometers

Shelf Edge

Hypothetical Gas
Development
Infrastructure

>100 model parameters (engineering,
costs, scheduling, and financial) are
entered as ranged distributions




ECONOMIC ASSESSMENT

Hypothetical “simulation pools” as
modeled by geological model
Engineering simulation based on
sizes and locations of hypothetical

“simulation pools”

Cost schedule and production &
revenue stream based on
engineering simulation

Economic outcome based on
discounted-cash-flow (DCF) model
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2006 Chukchi Price/Supply Curve (Mean Resource Case)
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6 Lease Sales for Arctic Offshore

Sale No. |Area Year

202 Beaufort Sea Mar 2007
193 Chukchi Sea 20077
209 Beaufort Sea 2009

211 Cook Inlet 2009
212 Chukchi Sea 2010
217 Beaufort Sea 2011

219 Cook Inlet 2011
221 Chukchi Sea 2012




