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HYDROCARBON POTENTIAL, GEOLOGIC HAZARDS, AND THE TECHNOLOGY, TIME-FRAME AND 

INFRASTRUCTURE FOR EXPLORATION AND DEVELOPMENT OF THE LOWER COOK INLET, ALASKA 

I A PRELIMINARY ASSESSMENT 

By L. B. Magoon, M. A. Harnpton, E. G. Sable, R. A. Smith and F. B. Chernlik 

S U M M A R Y  

2 The Lower Cook Inlet Outer Continental Shelf (OCS) contains 5600 km of 

submerged land in less than 200 m of water 150 to 350 km southwest of Anchorage, 

Alaska. This area could contain from 0.3 to 1.4 billion. barrels of oil and from 

0.6 to 2.7 trillion cubic feet of natural gas depending upon the statistical 

confidence level indicated. 

The known geology of this submerged area, is extrapolated to the offshore 

from onshore data. The sedimentary rocks are as old as Triassic and as young 

as Pleistocene. The Mesozoic strata include volcanlc rocks, volcanoclastic and 

marine clastic sediments. Tertiary, rocks from which the oil and gas in Upper 

Cook Inlet are produced, consist of nonmarrne conglomerate, sandstone, siltstone 

and coal. The potential objective section for oil and gas in this OCS area ranges 

from Middle Jurassic through the Tertiary. 

The present structural configuration of this area is a northeast trending trough 

filled with Tertiary sediments. The trough is flanked by two major faults, the 

Bruin Bay fault on the northwest and the Border Ranges fault on the southeast. 

Between these faults is the OCS area containing anticlinal structures and faults 

which may be traps for hydrocarbons. 

Potential geologic hazards are present in this area. Kt is an area of lntense 

tectonism expressed as seismic activity (earthquakes) and volcanic eruptions 

which produce many natural dtsturbances including tsunamis. This distribution 

of soft sediment and other submarine features which relate to geologic hazards 

are only generally known. 



The technology required for exploration and development in the 

Lower Cook Inlet is available, having been demonstrated by offshore 

oil and gas producing operations in the Upper Cook Inlet and recent 

developments in the North Sea and other offshore areas. Procedures 

for analizing seismic forces and for designing offshore structures 

to withstand earthquakes are available. New techniques for measuring 

and predicting maximum environmental forces are improving overall 

capability and reliability for design of .offshore equipment. 

Exploratory drilling in the Lower Cook Inlet may be accomplished 

by jack-up rigs as well as drill ships and semi-submersible vessels. 

Only 3 or 4 mobile drilling vessels are presently located in Alaska 

or on the West Coast of the United States. Mobile drilling units 

must be obtained from the Gulf of Mexico, North Sea or other parts 

of the world. Moving times will be long and costs high. 

The reservoir of available skilled manpower in the Alaska area 

is relatively small due to the low population density and distance 

from significant industrial centers. Skilled manpower and manpower 

available for training is available in the Pacific Northwest and California. 

The time frame for significant development will be relatively 

long due to high costs and environmental conditions. It is estimated 

that it will be 1-2 years after a lease sale until substantial explora- 

tory drilling will occur, 5-8 years until initial production, and 

6-10 years until maximum production. 



INTRODUCTION 

This report is a summary of the geologic framework, petroleum 

geology, oil and gas resources, environmental geology and operational 

considerations of the Lower Cook Inlet Outer Continental Shelf (OCS) 

area. It is preliminary to a more complete report that will be issued 

about January, 1976. The subsequent report will be more complete in 

that it will contain preliminary results of a multichannel seismic 

I reflection survey, now being processed, and some additional geologic 

data from adjacent onshore areas acquired during the summer of 1975. 

This report provides a preliminary assessment of the technology 

availability of drilling units and manpower, the time frame for possible 

oil and gas development of the Lower Cook Inlet Area, and comments 

on capital, manpower, and infrastructures necessary for the development 

of this area as requested by the Director, Bureau of Land Management. 

Operations in the Lower Cook Inlet will be influenced to a great 

degree by environmental conditions in the form of relatively harsh 

climate, weather and sea conditions and possible seismic disturbances. 

In addition, a shortage of exploration drilling units, skilled manpower 

and the remoteness from industrial areas and supply centers could 

contribute to delays in the time frame for development and to increasing 

capital layout. This preliminary report is meant principally to aid 

the Bureau of Land Management (BLM) in selecting the area from which 

to call for nominations in October, 1975. 



Location 

The Lower Cook I n l e t  Outer Continental  Shelf (OCS) a r e a  is  located  

between nor th  l a t i t u d e s  58O 50' and 60' 20' and between w e s t  longitudes 

150" 30' and 153" 35' ( f i g .  1 ) .  Major geographic f e a t u r e s  on t h e  

perimeter of the  a r e a  a r e  a s  follows: 1 )  The Aleutian Range on t h e  

northwest; 2) Kalgin Is land on t h e  nor theas t ;  3) the  Kenai Peninsula 

and Kachemak Bay t o  the  e a s t ;  4) t h e  Barren Is lands  on t h e  southeas t  

along the  h i s t o r i c  bay c losure  l i n e ,  and; 5) the  nor th  end of  the  

Alaska Peninsula on the  southwest where the  Katmai National Monument 

is  located.  Augustine I s l and ,  a prominent a c t i v e  composite volcano, 

lies 24 km nor th  of the  Alaska Peninsula i n  t h e  southwest p a r t  of 

the  Lower Cook I n l e t .  

The lower Cook I n l e t  is a bay surrounded on a l l  s i d e s  by mountains 

except on the  southeas t  where i t  opens i n t o  t h e  Gulf of Alaska and 

the  Shelikof S t r a i t  ( f ig .  2). The water depth i n  the  OCS a r e a  is 

l e s s  than 200 m except f o r  a smal l  a rea  around t h e  Barren Is lands .  

More than ha l f  the  a r e a  is  l e s s  than 100 m deep. The I n l e t  

gradually deepens t o  t h e  southeast .  

Anchorage, a major c i t y  i n  Alaska, l ies 320 km nor theas t  of 

Cape Douglas, the  f a r t h e s t  point  i n  t h i s  OCS area.  Production, p ipe l ine ,  

r e f i n i n g  and o the r  r e l a t e d  f a c i l i t i e s  a r e  a v a i l a b l e  i n  t h e  Upper Cook 

I n l e t  around Anchorage. 

Available Public  Data 

The l i t e r a t u r e  t h a t  descr ibes  t h e  onshore geology da tes  back t o  

the  t u r n  of the  century. The subsurface geology of t h e  Upper Cook I n l e t  

4 



Figu re  1 --Map of Cook I n l e t  a r e a  showing named f e a t u r e s .  
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is gene ra l ly  known from explora tory  and development w e l l s .  A b i b l i o -  

graphy of geo log ica l  l i t e r a t u r e  on Cook I n l e t  was publ ished by Maher 

and Trollman (1969). Se lec ted  r e fe rences  a r e  l i s t e d  on pages 20-26. 

L i t t l e ,  i f  any, d a t a  e x i s t s  t h a t  p e r t a i n  d i r e c t l y  t o  t h e  o f f s h o r e  

Lower Cook I n l e t .  However, a g r e a t  d e a l  of t h e  onshore geology can 

be  extended o f f s h o r e  us ing  geologica l  and geophysical  techniques.  

I n  t h e  summer of 1975, 500 km of 3600% Common Depth Po in t  (CDP) se i smic  

d a t a  was acquired,  and two onshore a r e a s  were mapped geo log ica l ly  

w i t h  t h e  express  purpose of extending t h i s  c o n t r o l  o f f s h o r e  i n t o  t h e  

OCS area .  This  new d a t a  w i l l  b e  incorpora ted  i n t o  l a t e r  publ ished 

r e p o r t s .  

m W O R K  GEOLOGY 

General Geology 

The Lower Cook I n l e t  i s  p a r t  of t h e  T e r t i a r y  intermontane trough 

t h a t  extends t o  t h e  no r theas t  i n t o  t h e  hydrocarbon r i c h  Upper Cook 

I n l e t  and southwest i n t o  t h e  Shel ikof  S t r a i t .  Major l ineaments  which a r e  

p a r a l l e l  bu t  f l ank  t h i s  trough a r e  t h e  Bruin Bay and Border Ranges 

f a u l t s  ( f i g .  2 ) .  The Bruin Bay f a u l t  i s  a h igh  ang le  r e v e r s e  f a u l t  

t h a t  juxtaposes g r a n i t i c  rock,  Ear ly  J u r a s s i c  and o l d e r  sedimentary 

rocks,  a g a i n s t  middle J u r a s s i c  and younger sedimentary s t r a t a .  The 

Border Range f a u l t  i s  considered t h e  boundary between t h e  subducted 

oceanic  p l a t e  and t h e  c o n t i n e n t a l  p l a t e  (MacKevett and P l a f k e r ,  1974).  



The f a u l t  t r a c e  extends w e l l  beyond the  a r e a  of i n t e r e s t  but  does 

go southeas t  of Anchorage, through Seldovia and e a s t  of the  Barren 

Islands.  Movement along t h i s  f a u l t  i s  l a t e  Mesozoic-early Ter t i a ry  

a s  only Mesozoic rocks a r e  involved. Middle Ter t i a ry  rocks do not  

seem t o  be involved. 

Onshore St ra t igraphy 

The s t r a t i g r a p h i c  column ranges i n  age from T r i a s s i c  through 

Quaternary. A s  discussed below, rocks o lde r  than Middle J u r a s s i c  

can be  considered t h e  basement complex. The d iscuss ion of t h e  s t r a t i -  

graphy is  from o l d e s t  t o  youngest. 

The o l d e s t  rocks,  of T r i a s s i c  age, c o n s i s t  of metamorphosed lime- 

s tone ,  che r t ,  sandstone, s h a l e  and b a s a l t i c  lava flows (Detterman 

and Hartsock, 1966). These rocks a r e  found a t  s c a t t e r e d  places on 

the  northwest s i d e  of the  Bruin Bay f a u l t .  

The Lower J u r a s s i c  rocks a r e  represented by volcanic agglomerates 

and breccias  of the  Talkeetna Formation (Detterman and Hartsock, 1966). 

These a r e  the  ex t rus ive  a n d e s i t i c  v o l c a n i c l a s t i c  rocks emanating from 

the  magma chamber t h a t  was l a t e r  t o  become t h e  Alaskan ba tho l i th .  

This u n i t  is represented near Seldovia by pi l low lavas .  The Lower 

Ju rass ic  volcanics  a r e  considered the  r e f l e c t i o n  seismic "basement" 

and economic "basement" because of its presumed i n a b i l i t y  t o  r e f l e c t  

seismic sound waves and i ts l a c k  of r e se rvo i r  o r  source rock charac- 

t e r i s t i c s  necessary t o  con t r ibu te  hydrocarbons t o  t h i s  province. 

Unconformally overlying t h e  Lower J u r a s s i c  is the  Middle t o  Upper 

J u r a s s i c  Tuxedni Group. This u n i t  probably represents  eros ion of the  
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a r e a  over t h e  Alaskan b a t h o l i t h .  The u n i t  c o n s i s t s  of a l t e r n a t i n g  

f o s s i l i f e r o u s  greywacke sandstone and s i l t s t o n e  depos i ted  i n  a sha l low 

marine environment. The Tuxedni Group i s  1675-2745 m t h i c k  nea r  t h e  

I n i s k i n  Peninsula  (Detterman and Hartsock, 1966). 

The Upper J u r a s s i c  Chin i tna  Formation o v e r l i e s  t h e  Tuxedni Group. 

It  ranges i n  th ickness  from 550 t o  730 m. The Chin i tna  Formation 

is predominantly dark  grey  s i l t s t o n e  t h a t  commonly inc ludes  l a r g e  

concret ions.  This  s i l t s t o n e  is  t h e  most l i k e l y  petroleum source  rock 

i n  t he  J u r a s s i c .  Exposures of t h i s  marine s i l t s t o n e  extend from I n i s k i n  

Bay on t h e  southwest t o  Chis ik  I s l a n d  i n  Tuxedni Bay on t h e  no r theas t .  

The Upper J u r a s s i c  Naknek Formation o v e r l i e s  t h e  Chin i tna  Formation. 

It outcrops on the  northwest  s i d e  from t h e  Alaskan Peninsula  n o r t h e a s t  

t o  Tuxedni Bay. I n  outcrop t h e  th ickness  is  as much a s  1465 m. Litho- 

l o g i c a l l y  i t  is  a rkos i c  marine sandstone wi th  some conglomerate and 

s i l t s t o n e .  The conglomerate con ta ins  g r a n i t i c  boulders  which a r e  

r ad iome t r i ca l ly  t h e  same age  a s  t h e  Alaskan b a t h o l i t h  (Detterman and 

o t h e r s ,  1965). This  is t h e  f i r s t  i n d i c a t i o n  t h a t  t h e  Alaska b a t h o l i t h  

a c t u a l l y  became a source f o r  sediments.  The Naknek Formation was 

depos i ted  i n  a  sha l low marine environment. 

The Lower Cretaceous rocks  unconformably o v e r l i e  t h e  Upper J u r a s s i c  

beds a t  t h e  no r theas t e rn  end of t h e  Alaskan Peninsula  i n  t h e  Kamishak 

H i l l s .  This unnamed shal low marine u n i t  is  as much a s  215 m t h i c k  

and c o n s i s t s  of sandstone and s i l t s t o n e .  Marine f o s s i l s  a r e  abundant. 

Rocks of t h e  same age have been descr ibed  i n  t h e  Nelchina a r e a  and 



i n  the  Herendeen Bay a rea  on t h e  Alaska Peninsula (Jones and Detterman, 

1966). Because of i ts  l a t e r a l  extent ,  t h e  Lower Cretaceous u n i t  is  

expected t o  subcrop i n  t h e  Lower Cook I n l e t .  

Unconformably overlying the  Lower Cretaceous u n i t  is t h e  Upper 

Cretaceous Kaguyak Formation (Kel ler  and Reiser ,  1959). This u n i t  

is about 1370 m th ick  a t  Kaguyak bay. J u s t  nor th  of Kaguyak Bay i n  

the  Kamishak H i l l s  t he re  a r e  60 m of b a s a l  sandstone which contains 

marine f o s s i l s .  In  Kaguyak Bay the re  a r e  760 m of dark grey b io turbated  

s i l t s t o n e .  The upper 610 m of t h i s  formation conta ins  in terbeds  

of deep water t u r b i d i t e  sandstone and s i l t s t o n e .  This u n i t  i s  t e n t a t i v e l y  

co r re la t ed  with the  Matanuska Formation t o  t h e  nor theas t  of Anchorage. 

Because t h i s  u n i t  is present  t o  t h e  nor theas t  and southwest of the  

OCS a rea ,  i t  is projec ted  i n t o  the  subsurface of t h e  Lower Cook I n l e t .  

Te r t i a ry  rocks unconformably o v e r l i e  the  Mesozoic s t r a t a  and 

c o n s t i t u t e  the  important o i l  and gas producing u n i t  i n  upper Cook 

I n l e t .  The thickness may be a s  much a s  7600 m (Hartman and o the r s ,  1972) 

The sec t ion  i s  nonmarine and c o n s i s t s  of conglomerate, sandstone, 

s i l t s t o n e ,  coal  and some shale .  I n  Lower Cook I n l e t  T e r t i a r y  rocks 

a r e  a s  much a s  6100 m t h i c k  (Hartman and o the r s ,  1972). Ter t i a ry  

rocks exposed a t  Cape Douglas a r e  1675 m. The T e r t i a r y  can be divided 

i n t o  two sedimentary sequences. The o l d e r  sequence includes Paleocene 

and Eocene rocks. The o lde r  Ter t i a ry  genera l ly  conta ins  more hetero- 

genous rock fragments and volcanic d e t r i t u s .  The younger sequence 

inc ludes  the  Kenai Group of Oligocene through Pliocene age. It conta ins  

more a rkos ic  debr i s  and no volcanic d e t r i t u s .  The younger u n i t  is  

a l s o  the  more pe t ro l i f e rous .  



Geologic H i s  t o r y  

The known geologic  h i s t o r y  of t h e  Cook I n l e t  trough extends from 

e a r l y  Mesozoic ( T r i a s s i c )  t ime through t h e  Quaternary t i m e .  During 

T r i a s s i c  t ime a r i d g e  complex probably extruded b a s a l t i c  lava .  Limy 

sediments o r  ooze were depos i ted  i n  sediment s t a r v e d  a r e a s ,  and vo lcan ic  

a c t i v i t y  provided t h e  s i l i c a  necessary f o r  c h e r t  formation. It i s  

suspected t h a t  t h e  gene ra l  breakup of t h e  con t inen t s  i n  l a t e  T r i a s s i c  

t o  e a r l y  J u r a s s i c  t ime r a d i c a l l y  changed t h e  sedimentary and vo lcan ic  

processes  t o  s e t  t h e  s t a g e  f o r  emplacement of t h e  J u r a s s i c  Alaskan 

b a t h o l i t h  and Talkeetna e x t r u s i v e  volcanics .  

The e a r l y  J u r a s s i c  Alaskan b a t h o l i t h  was probably t h e  magma chamber 

f o r  a co inc iden t  vo lcan ic  a r c  t h a t  extruded a n d e s i t i c  flows and volcani -  

c l a s t i c  sediments t h a t  a r e  known today a s  t h e  Talkeetna Formation. The 

hydrographic con f igu ra t ion  of t h e  ocean dur ing  e a r l y  J u r a s s i c  time is 

poor ly  known, b u t  t h e  water  depth probably increased  g radua l ly  t o  t h e  

southeas t .  Here a n d e s i t i c  vo lcan ic  flows, b r e c c i a s  and agglomer- 

a t e s  were deposi ted.  

Volcanic a c t i v i t y  seemed t o  subs ide  a t  t h e  end of e a r l y  J u r a s s i c  

t ime, and marine c l a s t i c  sedimentat ion produced sandstone and s i l t s t o n e .  

The sediments increased  i n  a r k o s i c  conten t  from t h e  middle J u r a s s i c  

Tuxedni Group up through t h e  l a t e  J u r a s s i c  Chin i tna  and Naknek Formations. 

Presumably dur ing  middle J u r a s s i c  t i m e ,  t h e  vo lcan ic  a r c  was be ing  

eroded and redepos i ted  i n  t h e  marine environment. By t h e  t i m e  t h e  

b a s a l  conglomerate (Chis ik  Conglomerate member) of t h e  Naknek Formation 

was depos i ted ,  t h e  g r a n i t i c  m a t e r i a l  of t h e  Alaskan b a t h o l i t h  was 

being eroded. 



The Bruin Bay f a u l t  i s  a compressional high angle r eve r se  f a u l t  

whose movement could have been i n i t i a t e d  during middle J u r a s s i c  time 

and continued through l a t e  Cretaceous t o  e a r l y  Ter t i a ry  t i m e .  This 

f a u l t  may have separated the  source a r e a  on the  northwest from the  

deposi t ional  bas in  on the  southeast .  Regional u p l i f t  and t runcat ion  

occurred p r i o r  t o  the  deposi t ion  of the  lower Cretaceous beds. 

The lower Cretaceous rocks a r e  exposed a t  the  nor theas t  end of 

the  Alaskan Peninsula i n  the  Kamishak H i l l s .  The f o s s i l i f e r o u s  basa l  

sandstone was probably deposited i n  shallow water t h a t  received l i t t l e  

sediment but  which supported v a s t  clam beds a s  these  sediments contained 

Inoceramus prisms and s h e l l  fragments. Water depth and/or energy 

regime f luc tuated  a s  the  rocks c o n s i s t  of interbedded sandstone and 

s i l t s t o n e .  Following deposi t ion  of the  lower Cretaceous, regional  

u p l i f t  and erosion removed an unknown amount of sediment before deposi t ion  

of the  upper Cretaceous beds. 

The basa l  sandstone of t h e  upper Cretaceous was probably deposi ted 

i n  shallow marine water.  A s  the  bas in  subsided and water depth increased,  

a dark grey s i l t s t o n e  was deposi ted t h a t  was con t inua l ly  burrowed and 

churned by organisms. Continued deepening of the  bas in  crea ted  an  environ- 

ment conducive t o  the  development of t u r b i d i t e  sequences. S i l t s t o n e s  and 

some graded sandstones showing s o l e  markings and load s t r u c t u r e s ,  

a r e  c h a r a c t e r i s t i c  of t h i s  un i t .  To t h e  nor theas t  of Anchorage, regional  

compression resu l t ed  i n  u p l i f t  t h a t  provided a source a r e a  f o r  conglomer- 

a t e s  i n  l a t e  Cretaceous t i m e .  Short ly t h e r e a f t e r  t h e  whole a r e a  under- 

went some compressional u p l i f t  followed by t ens iona l  downwarp t h a t  

formed the  Ter t i a ry  intermontane trough. 



Deposi t ion of t he  nonmarine T e r t i a r y  rocks  on an e r o s i o n a l  Mesozoic 

s u r f a c e  occurred r a t h e r  r ap id ly .  U p l i f t  of both t h e  northwest  and sou theas t  

f l anks  of t he  b a s i n  provided sediment source  a r e a s  f o r  t h e  trough. Though 

f a u l t i n g  might have been involved i n  c r e a t i n g  source  a r e a s ,  t h e r e  is no 

i n d i c a t i o n  of it. The th ickness  of a l l  T e r t i a r y  sedimentary beds a r e  l e n t i -  

c u l a r  shaped (Hartman, and o t h e r s ,  1972). The o l d e s t  T e r t i a r y  sequence 

inc ludes  v o l c a n i c l a s t i c s  and extends from t h e  c e n t e r  of t h e  trough northwest  

of the  Bruin Bay f a u l t  toward Iliamna Lake, whereas t h e  younger and t h i c k e s t  

sequence is more r e s t r i c t e d  i n  a e r i a l  ex t en t .  It c o n s i s t s  of b a s a l  conglo- 

e r a t e  t h a t  is o v e r l a i n  by sandstone,  s i l t s t o n e  and c o a l  h ighe r  i n  t h e  s e c t i o n .  

Volcanoclas t ics  a r e  absent .  These sedimentary rocks were depos i ted  a s  

r e g r e s s i v e  f l u v i a l  sequences whose source  a r e a s  were changing a s  minor 

t e c t o n i c  pu l se s  modified t h e  con f igu ra t ion  of t h e  sedimentary trough. 

S p e c i f i c  S t r u c t u r e s  

There is  i n d i c a t i o n  t h a t  t h e  Bruin Bay f a u l t ,  d i scussed  i n  t h e  previous  

s e c t i o n ,  was a c t i v e  dur ing  middle t o  l a t e  T e r t i a r y  time (Detterman and 

Hartsock, 1966). Rocks on t h e  sou theas t  o r  downthrown s i d e  of t h e  f a u l t  

a r e  s t e e p l y  dipping t o  overturned.  These beds r e v e r s e  d i p  i n t o  a s y n c l i n e  

and gradual ly  a t t e n u a t e  i n t o  an  a n t i c l i n e .  This  a n t i c l i n e  i s  p a r a l l e l  

t o  t h e  f a u l t  t r a c e  between Chenik Lake and t h e  I n i s k i n  Peninsula .  The 

information on the  Border Ranges f a u l t  t o  t h e  sou theas t  is  p r e s e n t l y  in-  

s u f f i c i e n t  t o  know whether a s soc i a t ed  s t r u c t u r e s  l i e  o f f sho re .  The o i l  

producing s t r u c t u r e s  i n  t he  upper Cook I n l e t  a r e  asymmetrical,  f a u l t e d ,  

no r theas t - t r end ing  compressional a n t i c l i n e s .  These s t r u c t u r e s  can only 

be mapped wi th  r e f l e c t i o n  se i smic  da ta .  This type of s t r u c t u r e s  may be  

p re sen t  i n  Lower Cook I n l e t ,  b u t  t h i s  i s  unknown. Seismic d a t a  acqui red  

t h i s  summer (1975) should he lp  answer t h i s  ques t ion .  



PETROLEUM GEOLOGY 

Related Hydrocarbon Product ion 

The o i l  and gas f i e l d s  i n  t h e  Upper Cook I n l e t  l i e  between Kalgin 

I s l and  and t h e  Sus i tna  River ( f i g .  7 ,  page 62 1 Most of t h e  product ive  

f i e l d s  a r e  o f f sho re  a long  t h e  northwest  s i d e  of t h e  I n l e t  ( t a b l e  1 ) .  Minor 

onshore product ion inc ludes  t h e  Swanson River  o i l  f i e l d  and t h e  Beluga 

and Kenai gas f i e l d s .  The o i l  product ion wi th  some a s soc i a t ed  gas comes 

from t h e  lower po r t ion  of t h e  l a t e  T e r t i a r y  cyc l e ,  whereas t h e  non-associated 

gas product ion comes from t h e  upper po r t ion  of t h i s  cyc le .  

The o i l  f i e l d s  i n  t h e  Upper Cook I n l e t  a r e  a s  fol lows:  McArthur River ,  

Middle Ground Shoal,  Swanson River ,  Grani te  Po in t  and Trading Bay. P re sen t  

cumulative product ion is  about .6 b i l l i o n  b a r r e l s  of o i l .  S t r a t i g r a p h i c a l l y ,  

80% of t h e  product ion comes from t h e  Hemlock Conglomerate, t h e  lowermost 

u n i t  i n  the  l a t e  T e r t i a r y  cycle .  Much of t h e  remaining 20% comes from 

t h e  Tyonek Formation which d i r e c t l y  o v e r l i e s  t h e  Hemlock Conglomerate. 

Less than 2% of t he  product ion comes from the  West Foreland Formation of  

t he  o l d e s t  T e r t i a r y  cyc le .  

The non-associated gas product ion comes from t h e  fol lowing gas  f i e l d s :  

Kenai, North Cook I n l e t ,  Beluga River  and o t h e r  sma l l  f i e l d s .  Most of t h e  

product ion comes from t h e  Beluga and S t e r l i n g  Formations which a r e  i n  t h e  

upper p a r t  of t he  l a t e  T e r t i a r y  cyc le .  Other o l d e r  u n i t s  produce minor 

amounts of non-associated gas. Presumably t h e  bulk  of t h i s  gas  i s  b iogenic  

o r  b a c t e r i a l  degradat ion of t h e  organic  ma t t e r  i n  t h e  c o a l  d e p o s i t s  found 

i n  t hese  u n i t s .  



TABLE 1 

OIL AND GAS FIELDS 

UPPER COOK INLET 

F ie ld  

McAr thu r  River 

Middle Ground Shoal 

To Dec. 31, 1974 

OIL - 

(Assoc ia ted  gas  no t  included)  

Swanson River * 
Gran i t e  Poin t  

Trading Bay 

F i e ld  

Kenai* 

Reserves 
Cum Prod. A P I  & AGA T o t a l  
(000 bbl . )  (000 bb l )  (000 bbl .  ) 

GAS - 

(4ssoc ia ted  condensate  no t  i nc luded )  

Reserves 
Cum. Prod. API & AGA T o t a l  

(xlo9 CF) ( X ~ O ~ C F )  ( ~ 1 0 ~  CF) 

North Cook I n l e t  222 979 1 ,201  

Beluga River* 28 972 1,000 

*onshore f i e l d s  

API and AGA r e v e a l  r e s e r v e s ,  p roduct ive  capac i ty  of b i g  U.S. f i e l d s ,  
A p r i l  2 1 ,  1975, O i l  and Gas Jou rna l  pg. 40-41. 



P r o b a b i l i t y  of Hydrocarbon Accumulations 

Hydrocarbon Model-- The necessary  i n g r e d i e n t s  requi red  t o  c r e a t e  a 

commercial o i l  and/or gas  f i e l d  a r e  a s  fol lows:  1 )  source  rock, 2) 

r e s e r v o i r  rock and 3) cap rock and 4) t r a p .  These i tems not  only have 

t o  be p re sen t ,  b u t  they  have t o  b e  pu t  t oge the r  i n  t ime and space 

t o  a l low hydrocarbons t o  b e  generated from t h e  source  rock,  then migra te  

through a conduit  t o  some obs t ruc t ion  o r  t r a p ,  and accumulate i n  a 

r e s e r v o i r  i n  s u f f i c i e n t  q u a n t i t i e s  t o  be  commercial. The r e s e r v o i r  

must have adequate p o r o s i t y  and permeabi l i ty .  Each of t hese  parameters  

w i l l  be d iscussed  s e p a r a t e l y  a s  i t  r e l a t e s  t o  t h e  Lower Cook I n l e t  

OCS area .  

Source rocks.-- The p o t e n t i a l  b u t  undocumented source rocks t h a t  might 

con ta in  enough organic  m a t e r i a l  t o  be  source  beds a r e  t h e  T r i a s s i c ,  

Upper J u r a s s i c ,  and Upper Cretaceous rocks f o r  o i l  and a s soc i a t ed  

gas,  and the  T e r t i a r y  rocks f o r  non-associated gas. Of t h e s e  p o t e n t i a l  

source  rocks,  t he  T r i a s s i c  is t h e  l e a s t  l i k e l y .  It i s  h igh ly  a l t e r e d  

northwest  of t h e  Bruin Bay f a u l t ,  and where i t  is una l t e r ed  i n  Puale  

Bay on t h e  Alaskan Peninsula ,  i t  is too f a r  south  t o  p r o j e c t  i n t o  

the  OCS a rea .  Also t h e  T r i a s s i c  rocks u n d e r l i e  t h e  vo lcan ic s  and volcani -  

c l a s t i c s  of the  Talkeetna Fromation, making i t  d i f f i c u l t  f o r  any 

generated hydrocarbons t o  migra te  i n t o  t h e  younger and shal lower r e s e r -  

v o i r  u n i t s .  The Upper J u r a s s i c  source  rock is t h e  Chin i tna  Formation, 

a dark  grey marine s i l t s t o n e .  The Kaguyak Formation i s  t h e  Upper 

Cretaceous source  rock. The T e r t i a r y  c o a l s ,  some of which a r e  p re sen t  

on Cape Douglas, a r e  p o t e n t i a l  source  rocks f o r  non-associated gas. 

Thermal his tory.--  The genera t ion  of hydrocarbons from a sou rce  rock wi th  I 

s u f f i c i e n t  organic  q u a n t i t y  r e q u i r e s  h e a t  over  a s u f f i c i e n t  per iod  of 



t i m e  (Hood, and o t h e r s ,  1975). Sediments gene ra l l y  undergo an  i n c r e a s e  

i n  temperature  f o r  many reasons  b u t  two p o s s i b i l i t i e s  i n  t h i s  a r e a  a r e  

a s  fol lows.  F i r s t ,  t h e r e  is probably an i n c r e a s e  i n  geothermal g r a d i e n t  

from t h e  Upper Cook I n l e t  T e r t i a r y  province t o  a predominantly Mesozoic 

province i n  Lower Cook I n l e t .  Second, t h e  proximity of i n t r u s i v e  and e x t r u s i v e  

vo l can i c s  may l o c a l l y  a f f e c t  t h e  country rock a s  i n  t h e  Cape Douglas a r ea .  

A cumulative t h i cknes s  of over  7600 m f o r  Mesozoic and T e r t i a r y  u n i t s  seems 

t o  be s u f f i c i e n t  reason t o  sugges t  m a t u r i t y  f o r  some of t h e s e  sou rce  rocks.  

Reservoi r  Rocks,-- Exposed r e s e r v o i r  beds a r e  r e s t r i c t e d  t o  t h e  Upper J u r a s s i c ,  

Lower Cretaceous,  and Upper Cretaceous rocks  and t h e  T e r t i a r y  conglomerates.  

A t  t he  mouth of Douglas River and on Augustine I s l a n d ,  t h e  Upper J u r a s s i c  

Naknek Formation is f r i a b l e  and porous enough t o  be an adequate  r e s e r v o i r  

o r  migra t ion  condui t .  

The b a s a l  sandstone of t h e  Lower Cretaceous c rops  ou t  i n  Kayugak Bay 

and i n  t h e  Kamishak H i l l s ,  and i t  appears  t o  have s u f f i c i e n t  po ros i t y .  

This  u n i t  probably is p re sen t  i n  t h e  subsur face  under OCS waters .  

The Upper Cretaceous Kaguyak Formation is of  ques t i onab le  r e s e r v o i r  

q u a l i t y  i n  outcrop.  The upper 610 m of t h i s  u n i t  c o n s i s t s  of deep water  

t u r b i d i t e  sandstones and s i l t s t o n e s .  A h igh  c l a y  conten t  i s  suspec ted  

bu t  s i m i l a r  t u r b i d i t e  sandstones a r e  product ive  i n  t h e  Ventura b a s i n  i n  

Southern C a l i f o r n i a .  

Cap Rocks-- Cap rocks a r e  important  f o r  bo th  migra t ion  pa ths  and t r a p s .  

L i t h o g i c a l l y  a cap rock i s  any s t r a t a  impervious t o  t h e  flow of hydrocarbons, 

b u t  gene ra l l y  i t  i s  r e s t r i c t e d  t o  s i l t s t o n e  and s h a l e .  I n  t h i s  a r e a  

a cap rock is  d i f f i c u l t  t o  d e s i g n a t e  because t h e r e  a r e  too  f e w w e l l s  i n  



t h e  Mesozoic t o  i n d i c a t e  subsu r f ace  p h y s i c a l  c h a r a c t e r i s t i c s ,  and s u r f a c e  

exposures gene ra l l y  a r e  a l t e r e d  s i g n i f i c a n t l y  by weathering. Most of t h e  

s t r a t a  i n  t h i s  a r e a  can be  considered cap rocks  except  f o r  t h e  p o t e n t i a l  

r e s e r v o i r  rocks  mentioned above. 

Traps.-- A t r a p  e x i s t s  when r e s e r v o i r s  and cap rocks  occur  t oge the r  i n  

such a way a s  t o  o b s t r u c t  t h e  flow of t h e  hydrocarbons. Genera l ly  t h r e e  

c a t e g o r i e s  of t r a p s  a r e  considered;  1 )  s t r u c t u r a l ,  2) s t r a t i g r a p h i c  and 

3) combination. P re sen t ly  t h e r e  is  i n s u f f i c i e n t  d a t a  t o  know what types  

of t r a p s  a r e  p re sen t  i n  t h e  OCS a r e a ,  bu t  f a u l t e d  a n t i c l i n a l  t r a p s  s i m i l a r  

t o  those  i n  Upper Cook I n l e t  may e x i s t  i n  Lower Cook I n l e t .  The Lower 

Cretaceous rocks may form p o t e n t i a l  s t r a t i g r a p h i c  t r a p s  l o c a l l y  because 

t he se  beds probably a r e  r e g i o n a l l y  t runca t ed  by t h e  Upper Cretaceous rocks.  

Also p o s s i b l e  a r e  combination t r a p s  t h a t  a r e  n e i t h e r  pu re ly  s t r a t i g r a p h i c  

nor  s t r u c t u r a l .  

Timing.-- Timing is of g r e a t  importance t o  t h e  accumulation of commercial 

q u a n t i t i e s  of hydrocarbons. I f  a t r a p  forms a f t e r  hydrocarbons have 

migrated through an  a r e a ,  t h e r e  is no chance f o r  an  accumulation. A 

s i g n i f i c a n t  amount of work remains t o  be  done on t h i s  parameter ,  b u t  

i f  t h e  t iming i n  t h e  Upper Cook I n l e t  is s i m i l a r  t o  t h i s  a r e a ,  t h e r e  is  

reason  t o  b e l i e v e  t h a t  s t r u c t u r e s ,  i f  p r e s e n t ,  developed p r i o r  t o  

hydrocarbon migrat ion.  

Hydrocarbon ind ica t ions . - -  I n d i c a t i o n s  of o i l  and gas i n  t h e  Lower Cook 

I n l e t  a r e  s p a r s e  b u t  s i g n i f i c a n t .  The North Fork f i e l d ,  l oca t ed  &bout 

10  m i l e s  no r th  of Homer is  t h e  b e s t  i n d i c a t i o n  of subsu r f ace  o i l  and gas 



i n  t h e  T e r t i a r y  rocks. This  f i e l d  c o n s i s t s  of one shut- in  gas  we l l ,  b u t  

some o i l  was recovered from t h e  b a s a l  sandstone, probably equiva len t  t o  

t h e  Hemlock Conglomerate. On t h e  I n i s k i n  Peninsula  a few w e l l s  have been 

d r i l l e d  i n t o  the  J u r a s s i c  rocks  and i n d i c a t i o n s  of o i l  and gas i n  t h e  Middle 

and Upper J u r a s s i c  beds were repor ted .  

Surface i n d i c a t i o n s  of o i l  and gas a r e  r e s t r i c t e d  t o  thci J u r a s s i c  

rocks on the  I n i s k i n  Peninsula  (Detterman and Hartsock, 1966) and Kamishak 

Bay a r e a  (Mi l l e r  and o t h e r s ,  1959). The rocks of J u r a s s i c  age  a t  t h e  mouth 

of t h e  Douglas River i n  t h e  Kamishak Bay a r e a  smel l  of o i l .  

Summary.-- Avai lab le  d a t a  sugges ts  t h e r e  is a good p o s s i b i l i t y  t h a t  commercial 

q u a n t i t i e s  of hydrocarbons a r e  p re sen t  i n  Lower Cook I n l e t .  O i l  and gas 

a r e  produced i n  Upper Cook I n l e t  from rock u n i t s  t h a t  a r e  a l s o  p re sen t  

i n  Lower Cook I n l e t .  Sur face  and subsur face  i n d i c a t i o n s  of hydrocarbons 

a r e  s p a r s e  and widely s c a t t e r e d  i n  t h e  Mesozoic and T e r t i a r y  rocks.  Source, 

r e s e r v o i r  and cap rocks probably a r e  present .  The s t r a t i g r a p h i c  column 

is s u f f i c i e n t l y  t h i c k  t o  genera te  hydrocarbons, and s t r u c t u r e s  were poss ib ly  

formed e a r l y  enough t o  t r a p  migra t ing  o i l  and gas.  Addi t iona l  work must 

be  done t o  d e f i n e  t h e s e  parameters more p r e c i s e l y ,  b u t  p r e s e n t l y  t h e  Lower 

Cook I n l e t  OCS should be  regarded wi th  optimism. 
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RESOURCE APPRAISAL ESTIMATE 

Appraisal  Procedure 

The proposed f e d e r a l  l e a s e  s a l e  a r e a  ( f i g .  1 )  l i e s  w i t h i n  

t h e  t o t a l  Cook I n l e t  province which was eva lua ted  r e c e n t l y  i n  a U. S. 

Geological  Survey s tudy  of t h e  Nation 's  resources  (Mi l l e r  and 

o t h e r s ,  1975). A l l  of t h e  proposed l e a s e  s a l e  a r e a  is  i n  less than 

200 m of water and i t  con ta ins  about 5600 square  km. 

The a p p r a i s a l  procedure f o r  any province c o n s i s t s  o f :  1 )  d a t a  

assembly; 2) p re l iminary  resource  a p p r a i s a l s  by i n d i v i d u a l s  and 

groups, cons ider ing  volumetr ic-yield procedures,  b a s i n  a n a l y s i s ,  

  end ricks' po ten t i a l - a r ea  c a t e g o r i e s ,  and documented a p p r a i s a l s ;  

3) computation of t h e  p r o b a b i l i t y  d i s t r i b u t i o n  by computer f i t t i n g  

of lognormal curves t o  t h e  low, h igh ,  and modal va lues  of pre l iminary  

a p p r a i s a l s  of t h e  Resource Appraisal  Group. 



Data Assembly 

The es t imates  given below a r e  based on da ta  obtained from 

U.S. Geological Survey geologis ts ,  published references ,  and 

unpublished U.S. Geological Survey mater ia ls .  The geology a s  

relates t o  the  petroleum p o t e n t i a l  of t h e  Cook I n l e t  province is 

discussed e a r l i e r  i n  t h i s  repor t .  For resource appra i sa l  purposes, 

geologic da ta  were sunrmarized on da ta  format shee t s  which contained 

an inventory of information sources and categorized the  bas ic  geology 

and pe r t inen t  explorat ion,  production, and resource data.  The da ta  

formats were reviewed by Resource Appraisal Group and o the r  U.S. 

Geological Survey personnel, with emphasis on accuracy of planimetered 

a r e a l  measurements, thickness and volume of sediments, and s e l e c t i o n  

of r e a l i s t i c  geologic analogs and y i e l d  values. 

Data format information f o r  onshore and o f f shore  Cook I n l e t  

province was summarized on single-page da ta  summary s h e e t s  

(Form 3, page 34) t o  f a c i l i t a t e  da ta  handling during resource 

appra isa l .  

Appraisal Methods 

Several  resource a p p r a i s a l  methods w e r e  appl ied  t o  t h e  o v e r a l l  

Cook I n l e t  Province u t i l i z i n g  t h e  information given i n  t h e  d a t a  

summary sheets .  The t o t a l  onshore and t o t a l  of fshore  p a r t s  of the  
I 

province were appraised separa te ly .  The offshore  p a r t  was t r e a t e d  

both independently and i n  reference  t o  the  onshore. 



A s e r i e s  of geo log ica l  and volumetr ic-yield analog procedures 

was appl ied  t o  determine a range of o i l  and gas y i e l d  va lues .  

Geologic analogs can be considered a s  only approximately analogous, 

and those  f o r  which volumetr ic  y i e l d  d a t a  were a v a i l a b l e  were 

l imi t ed  t o  t he  United S t a t e s  and Canada. Those analogs s e l e c t e d  

f o r  o f f sho re  Cook I n l e t  were t h e  Ventura Basin, C a l i f o r n i a ,  

considered s i m i l a r  i n  t e c t o n i c  s e t t i n g ,  and t h e  McAlester Basin, 

Oklahoma, wi th  somewhat s i m i l a r  rock types and th ickness .  Onshore 

Cook I n l e t  w a s  a l s o  used a s  an analog dur ing  t h e  a p p r a i s a l  procedure. 

Only rock volumes above t h e  depth of 9,144 m were considered.  

I n  a d d i t i o n  t o  t h e  volumetric-analog method, a s e r i e s  of 

Hendricks' productive-area ca t egor i e s  w a s  ca l cu la t ed  f o r  each 

commodity on t h e  b a s i s  of province a rea .  F i n a l l y ,  a l l  publ ished 

and documented resource  a p p r a i s a l  e s t ima te s  were compiled on a 

summary form (Form 4A, Page 37) a long  with a l l  of t h e  e s t ima te s  

ca l cu la t ed  by t h e  methods discussed above. 

A comprehensive review of a l l  t h e  above information was made 

by a Resource Appra isa l  Group geo log i s t ,  who then,  assuming t h e  

e x i s t e n c e  of o i l  and gas i n  commercial q u a n t i t i e s  i n  t h e  province,  

made an  i n i t i a l  resource  a p p r a i s a l  by a s u b j e c t i v e  p r o b a b i l i t y  

technique a s  fol lows:  

1. A low resource  e s t ima te  corresponding t o  a 95 percent  p r o b a b i l i t y  
(19 i n  20 chances) t h a t  t h e r e  i s  -- a t  l e a s t  t h a t  amount p re sen t .  

2. A high resource  e s t ima te  wi th  a 5 percent  p r o b a b i l i t y  ( 1  i n  20 
chance) t h a t  t h e r e  is -- a t  l e a s t  t h a t  amount p re sen t .  



3. A modal est imate of t h e  resource which t h e  es t imator  a ssoc ia tes  
with the  h ighes t  probabi l i ty  of occurrence t h a t  the re  w i l l  be 
t h a t  amount. 

4. A s t a t i s t i c a l  mean which is  calcula ted  by adding t h e  low value, 
the  high value, and t h e  modal value and dividing t h e  sum by 3. 

These estimates were recorded on the  resource appra i sa l  summary 

shee t s  (Form 4) f o r  use i n  t h e  f i n a l  evaluation. 

The f i n a l  f igures  determined by Resource Appraisal Group f o r  the  

low (95 percent) ,  high (5  percent) ,  mode, and ca lcula ted  mean were 

considered preliminary est imates which were s t a t i s t i c a l l y  analyzed 

a s  discussed below. 

Methodology f o r  Processing P r o b a b i l i s t i c  Assessments 

The procedures described f o r  est imating the  undiscovered o i l  

and gas f o r  the Cook I n l e t  province involve sub jec t ive  p r o b a b i l i t i e s  

(Raif fa ,  1968). Subject ive judgments were made f o r  t h e  province 

a s  pe rcen t i l e  assessments l imi ted  t o  q u a n t i t i e s  associa ted  with the  

5 and 95 percent  range. These moderate i n t e r v a l s  w e r e  se lec ted  

t o  r e a l i s t i c a l l y  account f o r  a t  least 90 percent of t h e  range 

of the probable undiscovered o i l  and gas resources. Also included 

were the  assessment of a modal value and a ca lcula ted  s t a t i s t i c a l  

mean. 

A lognormal d i s t r i b u t i o n  was f i t t e d  by computer program (Kaufman 

1962) t o  the  high, low, and modal value of t h e  Resource Appraisal 

Group's assessments t o  compute t h e  p robab i l i ty  d i s t r i b u t i o n  f o r  



each province. Lognormal curves f o r  o i l  and gas ( f i g .  3 and 4) 

were generated f o r  the  f u l l  range of p robab i l i ty  values.  Higher 

o r  lower est imates than those wi th in  t h e  5 and 95 percent  

p robab i l i ty  range can be read from t h e  curve. For ins tance ,  the  

1 percent  ( 1  i n  100 chance) p robab i l i ty  va lue  f o r  o i l  i n  f i g u r e  3 

is  about 4 b i l l i o n  b a r r e l s .  



OIL 

Pacific Margin 
Total Cook Inlet Offshore 

BILLIONS OF BBLS. 

Figure 3.--Lognormal distribution curve showing probability values for 
oil in total offshore Cook Inlet province. 



GAS 

Pacific Margin 
Total Cook Inlet Offshore 

TRILLIONS :OF CUBIC FEET 

Figure 4.--Lognomal .distribution curve showing probability values for 
natural gas in total offshore Cook Inlet province. 



Proposed Lease S a l e  Area Appraisal 

The proposed Federal OCS lease s a l e  a rea  comprises about 

5,600 square km and conta ins  about 64,400 cubic km of prospective 

sedimentary rock above 10,000 m depth. The proposed OCS l e a s e  s a l e  

a rea  has about 60 percent  of t h e  rock volume of t h e  t o t a l  Cook I n l e t  

province offshore  (Upper and Lower Cook I n l e t  S t a t e  and Federal  

waters) .  Undiscovered recoverable resources of t h e  t o t a l  Cook 

I n l e t  Province offshore  were estimated t o  be: 

Total  Cook I n l e t  Province Offshore 
Undiscovered Recoverable Resources 

S t a t i s t i c a l  
9 5% 5% mean 

O i l  ( b i l l i o n s  of b a r r e l s )  0.5 2.4 1.2 

Gas ( t r i l l i o n  cubic f e e t )  1.0 4.5 2.4 

Extrapolat ion of the  volumetric-yield da ta  derived from t h e  above 

t o t a l  Cook I n l e t  of fshore  f igures  t o  t h e  proposed OCS l e a s e  s a l e  area,  

i n d i c a t e s  the  resource estimates f o r  the  Lower Cook I n l e t  l e a s e  a rea  

t o  be: 

Proposed OCS Lease Sale  Area, Lower Cook I n l e t  
Undiscovered Recoverable Resources 

S t a t i s t i c a l  
9 5% 5% mean 

O i l  ( b i l l i o n s  of b a r r e l s )  

Gas ( t r i l l i o n  cubic f e e t )  



Addit ional  hydrocarbons, occurring a s  n a t u r a l  gas l i q u i d s  (NGL), 

might be an t i c ipa ted  i n  Lower Cook I n l e t  i f  l a r g e  q u a n t i t i e s  of n a t u r a l  

gas a r e  present .  Data do not  permit d i r e c t  est imation of these  l i q u i d s  

i n  Lower Cook I n l e t ,  however the  NGL/gas production r a t i o  i n  t h e  Upper 

Cook I n l e t  i s  approximately 0.4 b a r r e l s  of NGL f o r  each mi l l ion  cubic 

f e e t  of gas produced. 

The appra i sa l s  made f o r  t h e  Cook I n l e t  Province i n  the  recent  

U.S. Geological Survey study considered the  prospective rocks i n  t h e  

province t o  be of J u r a s s i c  and Ter t i a ry  ages only. However, an addi- 

t i o n a l  1600 m of prospective Cretaceous rocks is probably present  

under Cook I n l e t  (L.B. Magoon, Unpublished data  1975). The Cretaceous 

rocks, about which l i t t l e  is  known a t  t h i s  time, a r e  thought t o  comprise 

considerably l e s s  volume than t h e  J u r a s s i c  and Ter t i a ry  rocks, but  

may have s i g n i f i c a n t  unassessed po ten t i a l .  

I n  ca lcu la t ing  the  appra i sa l  f i g u r e s  used i n  t h i s  r epor t ,  t he  

volumetric y i e l d  f a c t o r s  f o r  t h e  e n t i r e  of fshore  Cook I n l e t  a rea  

derived during the  recent  s tudy were used, but  were appl ied  t o  rock 

volumes which included t h e  Cretaceous sec t ion .  

REFERENCES CITED 

Miller, B.M.9 Thomsen, H.L., Dolton, G.L., Coury, A.B., Hendricks, T.A., 
Lennartz, F.E., Powers, R.B., Sab.e, E.G., and Varnes, K.L., 
1975, Geological es t imates  of undiscovered recoverable o i l  and 
gas resources i n  t h e  United S ta tes :  U.S. Geol. Survey Circ. 
725, 78 p. 

Kaufman, G.M., 1962, S t a t i s t i c a l  decis ion  and r e l a t e d  techniques i n  
o i l  and gas explorat ion:  Harvard Univ., Ph.d. d i s s .  

Raiffa,  Howard, 1968, Decision analysis--introductory l e c t u r e s  on 
choices under uncertainty:  Addison-Wesley, Reading, Mass., 
300 p. 



. - -  
FORM 43 AIL 6 c U*L ' ,,,on / OF - F S N p E  

RAC No. 

PROVINCE 
I -/- 

*Stage of2Explbration: Early 
- 

i a t e  S&& l/ Late 
*Area (Mi )-----Total Sed. Prov /2/r & 7. Produc Live , 0 8 5  l<l'/c 

Areas by Depth Units: 500 5006- 10. 000' q57 
10,000'-15 000' 15,000-20,000' /02y 
20.000'-10:000* 3OS0m* 

vphickness of  sediments (Ft. ): Avg. /0.623 ( / , q ~ s 3  Max. 2<  fib 
4. 
4': * V o l u m e o f s r d i m e n t s ( ~ i . ~ )  ,' 
LL I . 

Total  Province: ( /?.' g/ 7 -I.' =TI 24a91uj3ffin c 
11 Dri l led .  10 2CYo T L  . - 

k!' Z Explored 

S t ra t ig raphic  Age Range: From \'-ztk2 ~ h r o u g h  I ' ] ~ L & ~ =  
L-J and/or Prospecti  Horizons , 

Age: a . o ~ l t ~ d i , ~  b. ~3~ r. J J L ~ G  d. 
Gross Thickness: .560 kfian 6000 Total :  / 2 , 9 0 '  

- 

UFWLEU T~OIJC~L &w-s6pbl rG 
*Dominant LiLhology (Total Province) - 

Type Ss 1 s ~ ~ .  COAL. ( IARI .  f s l  
7. of Volume 76 9, 10% 20*/,. 
Ratio, Harine/non-marine '' ' 3: C 

Types of Traps 
S t ra t ig raphic  . NprJb .  , . 
S t r u c t u r a l  i ' . h s ~ ~  /Ar t6  u. r ~ /  Stma F ~ I I L T ~  41  1 &raw ) 

*Structural  Aspects 
Type Basin Tmtnl ~m mm,J u ~ 8 k  fG4qi;r~L h r ~ k r l  
Ceome t r y  S u r t w ~ Q .  c b r t r l r  S ~ W S  

Indicat ions of Hydrocarbons J 
Producing Trends 2 GAS 2 ~ I L  - ~ R r r t o S  - 
Seeps, Tar Sands, c t c .  OIL S:@~,*IA(AIVU. o f k 5 r i a 5  r . l<f f i~d  

I -  

Probable Source Beds (Age and Lithology) M-hi~JddhSfc  Sfi5hw4 rU/+ 

Major Sea ls  (Age and Lithology) G ~ ~ ~ & B C E &  sl75j;nir.IE 

Fie ld  Size ~ i s t r i b u t i o n : ~ ~ ~ '  +°C'sur*L~.~in. R.Max. 
Oi l  (mill.bbls): 5 4 b  n11d1 )1) 372 m ~ d .  647 wrl .  
Gas (bcf):  20 6111. 2.460 8111. 

Nature of Hydrocarbons: R.Hin. R. Max. 
API Gravity 35.7. 24.7' 44 * 
Sulfur  Content 6. 0% b ~ . * / e  6.02 wr.% 0. I 5 h 17. 

*Recovery Fac tor  3&d 40% 

*production, Reserves. 6 Resources: C ~ d e  O i l  - NCL Nat. Gas 
C m .  Production (bill.bbls.; t c f )  O . 3 q 4 -  Bo 6. 003 6f& 0. 3931 

6.3/ 16 " - - Measured Reserves I..5LI 
Indicated Reserves " O . O 2 S t m  - - 
Infer red  Reserves (. CI&,? .21aa)= 6. ) 310 - *.u?$ AZI\:O. 722- 

W e l l s  Dr i l l ed  to  Date: Date: / /  / / 7 L  
Exploratory Wells / 6  5 
Dcvclopmcnt Wells 2 76 

,$TrillF-i *Resource Estimates (Undiscovered--In B i l l i o n  BBkS 
P&'hxrra LC% : 5.31)e~Q 1 9.734*. , ;2~ CRccovcrablc. In Plac  

Outside Sources P ~ ~ , . [ ~ : ~ . ~ # I O ~ L %  1 4 . ~ g 1 d k r  (Ak~u* .a -P 2 /1  l ( l d 9 6 r L  hl8 6 4 5  ?*c. 

u.:L:;:. val&rNd 1. ~ 5 :  /;qfin 
- U P  6.43 C V ~ L U A  TI  e I 

srd ,  ur 1 ~ A ~ I J  
RAG Estimate 

*provinc u a l i  t a t i v c  Rating: Oil  Gas 

Postcd by: 7~ w2/5 Date & fi< Approved Date 7/13 

" r)nt.l mo..t  pr r l l n r n l  t o  rt , .o~rrrr appr.,iq:*ls. 2/+/75 



i 
/ FJCI t LA /( ~ e g i o n  OM r . fie! HrRE (6~7'6) w NO/ 

Province /:np,j~ r,j 1 - r , - - 7 i ? - , 4 ~ > 1 1  /2,k1 7; 7- 
Province Area 0 611 ~ $ ~ < ! : ~ ~ ~ ~  i d 2 )  ~rovince ~ o l u n e :  Z6.2.+){f - b4J"qd3) 

J( 3- C~TIYMK w (~)c)ptt,~rb ,w 4 , s  s 2 c -  
OIL NGL C S  

UNDISCOVERED RESOURCES 

W 
4 

Ah'WRE Estimates I I I I I P I I 
" I 1 I I 
n I I r I I I 

I I I I I I 1 I I N/c ZAM 
OTHER F\h&Bel) I 1 

I ,  I b, I 
\ /- -, -/ 

Posted by )/o ~ 1 7 . ~ 5  Date , {/7/'73 



C 

DEFINITIONS FOR RESOURCE APPRAISAL METHODS USED ON FORM 4-8 

REASOVMLE MIXIMUM -- That quantity which the estimator associates with a 95% probability tha t  there i s  a t  l e a s t  t h i s  .mount. 

HOST LIKELY -- That quantity which the estimator associates with the highest probabil i ty (of occurrancc) tha t  theta w i l l  be t h i s  momt. 

REASONABLE HAXIMUM -- That quantity which the e s t h t o r  associatea with a 5% probabili ty tha t  there i s  a t  l e a s t  t h i s  .mount. 

, WECTATION --Also called "EXPECTED VALUE" or "BEST ESTIHATE" -- A mathemtical  tam.  It i s  the onLy value we .are ent i t led  to add i f  w combine as t l . tas  
of s imi lar  quant l t ie r  in other provinces. 

I R. Min. + M. L. + R. Max. I 50 + 300 + 850 

xi.PC:':& PRQBAIIILITY 
3 3 -- That which the estimator would assign to h i s  basic a a s ~ t i o n s  that  o i l  and gas accuula t lons  a r e  ac tual ly  present i n  

the province to be evaluated. 
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GEOLOGIC HAZARDS 

General Statement 

The Lower Cook Inlet is in an area with a number of geologic hazards 

that pose ~otential problems to future installations within the Inlet and 

along the adjacent coastline. However, oil and gas exploration, development 

and production activities have been conducted safely for a number of years 

in the nearby Upper Cook Inlet, which shares the same general coastal and 

marine environments. Technology developed for oil and gas activities in 

Upper Cook Inlet should be applicable to potential geologic hazards of 

equal, or lesser, severity in the proposed lease sale area. Many of the 

hazards affecting coastal areas have been well defined by previous studies, 

but the inaccessibility of the sea floor, within the Inlet itself, has 

resulted in less detailed knowledge about the problems to be encountered 

there. Detailed marine geologic studies will be conducted in the Lower 

Cook Inlet prior to the lease sale to provide a detailed understanding 

of the potential hazards described below. 

Hazards Associated With Seismic Activity 

The Gulf of Alaska - The Aleutian region, one of the most seismically 
active on earth, accounts for about 7% of the world-wide release of 

seismic energy annually. In the past 65 years, 13 earthquakes of magni- 

tude 6 or greater have occurred within the general lower Cook Inlet 

area (Table 2). Earthquakes of this size typically produce major struc- 

tural damage, either directly by ground shaking, fault displacement, 

and surface warping or indirectly by seismic sea waves (tsunamis), 

ground failure, and consolidation of sediments. 



TABLE 2 

Earthquakes in the vicinity of the lower Cook Inlet, 1912 through 1973. 

Includes earthquakes greater than magnitude 6, whose epicenters 

lie between 59.00" and 60.50" north latitude and 151.00" and 153.00" 

west longitude. (Data courtesy of John Lahr and Robert Page, 

U.S. Geological Survey). 

Date 
Day Month Year 

Origin Time 
Hr/Min Gmt. 

0955 

Latitude Longitude 
(Degrees N.) (Degrees W.) 

59.00 153.00 

59.00 153.00 

60.00 152.00 

60.50 151.00 

59.50 152.00 

59.50 152.00 

60.50 151.00 

60.00 152.00 

59.00 152.50 

59.74 151.38 

59.50 151.70 

60.17 152.84 

60.31 152.72 

Depth Magnitude 
Kilometers 

0 6.40 

0 7 .oo 

100 6.25 

8 0 6.75 

0 6.00 

100 6.50 

100 6.70 

6 0 6.38 

0 6.25 

0 6.25 

52 6.80 

8 6 6.50 

91 6.00 





The narrow, elongate geometry of the Cook Inlet reduces the chances 

that a tsunamis generated outside the Inlet will propagate significant 

destructive energy into it. The tsunamis generated by the 1964 earth- 

quake produced damage in the Lower Cook Inlet area at Rocky Bay 

and Seldovia. It hit most of the west coast of the Lower Inlet, but 

caused no damage. If a regional tsunamis should be generated within 

the Inlet, it probably would have little effect in open waters but could 

produce significant damage along the Inlet Coastline. 

Local tsunamis are a particularly dangerous seismic hazard because 

they strike without warning, during or shortly after an earthquake. 

They are likely to occur along steep, indented coastlines such as exist 

along some parts of the Lower Cook Inlet, when unstable rock masses 

are shaken loose from steep slopes or when submarine landslides occur 

on unconsolidated alluvial deltas. Local tsunamis can be exceptionally 

large; a surge wave ran 1740 feet (vertically) up the slopes during 

the 1958 southeastern Alaska earthquake. Local tsunamis accounted for 

more loss of life than any other factor in the 1964 earthquake. 

Ground failure--Various types of ground failure, both on land and under 

water, are a major cause of destruction associated with large earthquakes, 

especially in areas underlain by thick, unconsolidated sediments. Many 

deltas are especially prone to earthquake-induced liquefaction and sliding 

because of their loose, water-saturated nature. Local submarine slides 

during and after the 1964 earthquake caused damage at Homer, Valdez, 

Seward, Whittier, and other places. 



Underwater d i s p e r s a l  of s l i d e  sediments can cause physical  damage 

o r  b u r i a l  t o  i n s t a l l a t i o n s  on t h e  sea  f loor .  Bur ia l  and breakage of 

submarine cab les  has  been reported f o r  s l i d e s  a t  Valdez and f o r  many 

large-scale,  deep-water submarine s lope  f a i l u r e s .  

Other types of ground f a i l u r e  include r o c k f a l l s  i n  s t eep ,  precipi-  

tous areas ,  t r a n s l a t o r y  block s l i d i n g  such a s  occurred a t  Anchorage i n  

1964, near ly  hor izonta l  movement of vibrat ion-mobil ized s o i l ,  and ground 

f i s s u r i n g  and associa ted  sand ext rus ions  t y p i c a l  of a reas  where the  

ground su r face  is  frozen. Extensive s u b a e r i a l  occurrence of a l l  these  

phenomena has been documented f o r  l a r g e  earthquakes and a r e  p o t e n t i a l  

problems along the  Cook I n l e t  coas t l ine .  Too l i t t l e  i s  known of the  

geotechnical  p roper t i e s  of bottom sediments t o  p red ic t  the  occurrence 

of ground movement on the  f l o o r  of t h e  Lower Cook I n l e t .  

Consolidation--Consolidation of  sediments and the  r e s u l t i n g  ground sub- 

sidence, without a c t u a l  s l i d i n g ,  i s  another  expectable seismic hazard; 

t h i s  heightens the  l ike l ihood of extensive f looding along c o a s t a l  

a reas  and, of course, could possibly cause submergence of a f fec ted  

marine i n s t a l l a t i o n s .  Consolidation of sediments was a s i g n i f i c a n t  

cause of subsidence along Homer S p i t  and near  the  head of Turnagain 

Arm during the  1964 earthquake. 

Hazards Associated With Volcanic Ac t iv i ty  

Five a c t i v e  volcanoes a r e  located  i n  the  Lower Cook I n l e t  a rea ,  

along the  southeas t  margin of t h e  Alaska Peninsula and t h e  Cook I n l e t  

i t s e l f .  They are :  Augustine, Iliamna, M t .  Douglas, Redoubt, and M t .  

Spurr ( f ig .  1 ) .  A l l  but  M t .  Douglas have erupted i n  h i s t o r i c  t i m e ,  

and a l l  f i v e  can be considered l i k e l y  t o  erupt  i n  the  fu tu re .  The 



Alaskan volcanoes a r e  a n d e s i t i c  and involve  r e l a t i v e l y  v i o l e n t  e rup t ion  

compared t o  t h e  b a s a l t i c  volcanoes of oceanic  bas ins .  Augustine is 

t h e  most a c t i v e  of t h e  group, l a s t  e rup t ing  i n  1964. It i s  p resen t ly  

bu i ld ing  a l ava  dome i n  i ts  c r a t e r  and could e rup t  a t  any time. 

Some of t h e  p o t e n t i a l  hazards a s soc i a t ed  wi th  Alaskan volcanoes 

a r e  l o c a l  i n  t h e i r  e f f e c t s ,  b u t  ash can cause damage up t o  100 mi l e s  

away from t h e  main e r u p t i v e  cen te r .  Erupt ive phenomena t h a t  could a f f e c t  

Anchorage and t h e  Cook I n l e t  a r e  e rup t ions  ( e j e c t a ,  gases ,  and ash)  and 

l a v a  flows. Secondary phenomena a s soc i a t ed  wi th  e rup t ions  t h a t  could 

be  hazardous a r e  vo lcan ic  mudflows and l a n d s l i d e s ,  f l a s h  f loods ,  l i gh t en -  

i ng  d ischarges ,  co r ros ive  r a i n s ,  ear thquakes,  and seawaves. A l l  of 

t hese  phenomena have occurred i n  Alaska i n  h i s t o r i c  t imes. 



TECHNOLOGY 

Requiremeats 

Technology and opera t ional  a c t i v i t i e s  f o r  offshore  o i l  and gas explor- 

a t i o n  and development i n  t h e  Lower Cook I n l e t  OCS a rea  w i l l  be influenced 

by t h e  physical  and environmental condit ions of the  area. Some of t h e  

more important physical  and environmental condit ions which w i l l  a f f e c t  

design, locat ion of f a c i l i t i e s ,  and operat ing procedures a r e  b r i e f l y  

described below. 

1. Climate, weather and s e a  condit ions w i l l  be  major f a c t o r s  

i n  the  design, emplacement and operat ion of offshore  explor- 

a t ion ,  production and t ranspor ta t ion  equipment and f a c i l i t i e s .  

The Cook I n l e t  i s  i n  the  t r a n s i t i o n a l  zone of Alaska and is 

characterized by pronounced temperature v a r i a t i o n s  throughout 

the  day and year,  and frequent  cloudiness and medium humidity, 

p r e c i p i t a t i o n  and wind l e v e l s  (Evans and o the rs ,  1972). Table 3 

summarizes meteorological da ta  from two s t a t i o n s  i n  the  lower 

p a r t  of the  I n l e t .  C l i m a t i c  condit ions and weather expremes w i l l  

necess i t a t e  design f o r  adequate working condit ions (heated, insu- 

l a t ed ,  enclosed areas)  and w i l l  r equ i re  ca re fu l  scheduling of 

such c r i t i c a l  a c t i v i t i e s  a s  emplacement of platforms and pipe- 

l i n e s  t o  avoid t h e  extreme condit ions of t h e  winter  season. 





Mean hourly wind speed i s  moderate, bu t  under extreme 

condit ions,  winds of 75 t o  100 knots can occur over open water, 

and storms with 50 t o  75 knot winds a r e  experienced nearly 

every winter  (Evans and others,  1972). Waves and s e a  conditions 

must be considered, bu t  ava i l ab le  information ind ica tes  

only moderate maximum wave heights  compared with o ther  off -  

shore areas  undergoing o i l  and gas development. 

The Cook I n l e t  is  noted f o r  its extreme d iu rna l  t i d a l  

ranges up t o  9.1 m a t  Anchorage and t h e  r e s u l t i n g  high 

cur ren t s  reaching a mean maximum ve loc i ty  of 3.8 knots with 

peak maximum v e l o c i t i e s  exceeding 6.5 knots i n  t h e  Forelands 

region (Evans and others ,  1972). Tidal  ranges and accompanying 

currents  a r e  less extreme i n  t h e  Lower Cook I n l e t  with a d iu rna l  

range of 5.4 m a t  Seldovia and 4.2 m a t  t h e  mouth of t h e  I n l e t .  

Table 4 shows the  t i d a l  statistics f o r  Seldovia. The turbulence 

caused by high t i d e s  and cur ren t s  increases  d i f f i c u l t y  of offshore  

operat ions and requires  added t i m e  and equipment f o r  c e r t a i n  

a c t i v i t i e s ,  such as anchoring and maintaining pos i t ion  of d r i l -  

ing  vesse l s ,  laying of p ipe l ines ,  diving operat ions,  e t c .  

2. Ice forms i n  Upper Cook I n l e t  i n  t h e  winter  months 

and may cause damage t o  vesse l s  and s t r u c t u r e s ,  and i n t e r -  

ference with marine t r a f f i c  and other  marine opera t ional  

a c t i v i t i e s .  I c e  Thicknesses of near ly  1 m can be expected during 

a "normal" year. (Hutcheon, 1972). 



Table 4 

T i d a l  S t a t i s t i c s  f o r  Seldovia 

Highest  T ide  

Mean High High Water 

Mean High Water 

Mean T ide  Level  

Mean Low Water 

Mean Low Low Water 

Lowest T ide  

Mean Range 

Di u rna l  Range 

Extreme Range 

Source: Evans et al., 1972. 

Feet 

23.0 

17.8 



Design ana lys i s  of o i l  platforms f o r  t h e  Upper Cook I n l e t  

shows t h a t  i c e  loading is by f a r  t h e  l a r g e s t  fo rce  t h a t  would 

be exerted on such a platform and t h a t  the  fo rces  of wind, waves, 

and even earthquakes a r e  r e l a t i v e l y  s a d 1  compared with t h e  

i c e  forces  (Vissar, 1972). 

Generally, ice condit ions i n  t h e  Lower Cook I n l e t  a r e  consider- 

ably less severe than i n  t h e  upper pa r t s .  This i s  a t t r i b u t a b l e  i n  

p a r t  t o  high s a l i n i t i e s ,  input  from warm ocean waters and less 

land-runoff influence i n  the  Lower Cook I n l e t .  The Lower Cook 

I n l e t  is  general ly f r e e  from i c e  with only protected embayments 

becoming i c e  bound. However, under extreme condit ions ( t h e  

winter  of 1970-71), i c e  has been found a s  f a r  south a s  Cape 

Douglas on the  west s i d e  and Anchor Point  on t h e  e a s t  s ide.  

A t  t h i s  t i m e ,  s e a  i c e  at tached t o  t h e  shore ( f a s t  i ce )  extended 

up t o  th ree  miles off the  northern shore of Kachemak Bay. 

(Hutcheon, 1972). 

While design requirements f o r  i c e  loading by f l o e  i c e  a r e  

recognized a s  the  major design f a c t o r  f o r  Upper Cook I n l e t  

f a c i l i t i e s ,  the  less severe i c e  condit ions i n  t h e  Lower Cook 

I n l e t  may reduce o r  e l iminate  t h e  necess i ty  f o r  ice-load design 

depending upon the  loca t ion  within Cook I n l e t  area. 

I ce  loading due to  su r face  o r  supers t ructure  i c i n g  ( f reezing 

spray) may occur under c e r t a i n  wind and weather condit ions 

during t h e  coldes t  winter  months and must be taken i n t o  account 

throughout t h e  Alaska offshore  areas.  



3 .  Poten t i a l  seismic loading and earthquake e f f e c t s  must be 

considered i n  combination with o ther  design c r i t e r i a  f o r  a l l  

offshore and onshore s t r u c t u r e s  and f a c i l i t i e s  s ince  the  Lower 

Cook I n l e t  area  is located i n  an a c t i v e  seismic zone and may 

be subject  t o  severe earthquake a c t i v i t y .  Earthquake design 

c r i t e r i a  and s i te  loca t ion  must consider p o t e n t i a l  damage and 

hazards from d i r e c t  and i n d i r e c t  causes including ground shaking 

(vibrat ion) , f a u l t  displacement, surface  warping ( u p l i f t  o r  

subsidence), sea  waves (tsunamis) and ground f a i l u r e  (onshore 

and submarine landsl ides) .  

Tsunamis associated with l a r g e  submarine earthquakes have 

occurred i n  various areas  of the  P a c i f i c  Ocean and must be 

considered i n  connection with operat ions and f a c i l i t i e s  on the  

Gulf of Alaska margin. Local tsunamis or  s e a  waves, a s  a 

r e s u l t  of earthquake caused land s l i d e s ,  a r e  p a r t i c u l a r l y  

hazardous t o  onshore f a c i l i t i e s  i n  low ly ing  a reas  and t o  near 

shore f a c i l i t i e s  and must be considered i n  t h e i r  locat ion and 

design. 

4. A s  with o ther  a reas  of Alaska, t h e  Lower Cook I n l e t  i s  

i so la ted  and remote from major population centers ,  i n d u s t r i a l  

a reas  and o i l  supply centers ,  with no s i g n i f i c a n t  i n d u s t r i a l  

complex c lose r  than S e a t t l e ,  Washington. The Lower Cook I n l e t  

area  is  more o r  l e s s  undeveloped and would requ i re  development 

of l o c a l  onshore supply bases, t ranspor ta t ion  f a c i l i t i e s ,  



l i v i n g  a r e a s  f o r  workers and fami l i e s  i n  add i t ion  t o  onshore 

terminals ,  s to rage  f a c i l i t i e s ,  and o the r  i n d u s t r i a l  complexes. 

The deep water por t  a t  Kodiak and t h e  Homer docking f a c i l i t i e s ,  

which a r e  pr imar i ly  involved i n  support of the  f i s h i n g  industry,  

would l i k e l y  be u t i l i z e d  f o r  o i l  explora t ion  and development 

i n  t h e  proposed l e a s e  s a l e  area.  

The o i l  and gas supply and s e r v i c e  f a c i l i t i e s  a t  Kenai and 

Anchorage would l i k e l y  be  u t i l i z e d  f o r  Lower Cook I n l e t  

development i n  add i t ion  t o  l o c a l  s i t e s  t h a t  may be  developed. 

It is a l s o  poss ib le  t h a t  e x i s t i n g  marine terminals ,  r e f i n e r i e s  

and o ther  f a c i l i t i e s  i n  t h e  Upper Cook I n l e t  might be  used f o r  

handling o i l  from p a r t s  of the  Lower Cook I n l e t  wi th in  reasonable 

proximity t o  those f a c i l i t i e s .  

5. Po ten t i a l  of fshore  d r i l l i n g  and producing opera t ions  

i n  t h e  Lower Cook I n l e t  could be a s  near  a s  5.6 km and a s  f a r  

a s  74 km from t h e  shores of the  Cook I n l e t  i n  water depths of 

l e s s  than 16.4 m t o  more than 150 m. It i s  estimated t h a t  over 

three-fourths of t h e  Lower Cook I n l e t  a r e a  i s  l e s s  than 100 m 

deep. Figure 5 is  a map of t h e  bathymetry of the  Cook I n l e t .  

6. Active volcanoes a r e  located  along t h e  w e s t  margin of 

t h e  Lower Cook I n l e t  and one, Augustine Is land,  r i s e s  out  of the  

Lower Cook I n l e t .  
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Source: S h a m  and Burrell, 1970. 



7. Potential hazards from volcanic activity are mainly local 

to the area of the volcano. Any oil and gas activities in the 

area of Augustine Island and on the west side of the Lower Cook 

Inlet should consider the various potential hazards from vol- 

canic activity . 
8. The Lower Cook Inlet is a prolific habitat for fish, shell- 

fish, sea manrmals and sea birds. Various species of finfish 

and shellfish are important to the economy of the Lower Cook 

Inlet. Because of the active fishery in Lower Cook Inlet 

area, special operating procedures and special equipment 

may be necessary to assure protection of the marine habitat 

and compatible multiple use of the area. 

Availability 

Technology for offshore oil and gas exploration and production has 

evolved from shallow water, near shore operations in moderate climates, 

into deeper water and more hostile environments. Figure 6 shows the 

present water depth capability for mobile drilling and underwater well 

completion systems, underwater production and manifold systems, and 

fixed platforms with an industry capability projection of drilling and 

production systems into deeper water in the short term. Industry has 

demonstrated the ability to extend its operational capabilities at a 

rapid rate (National Petroleum Council, 1975). Recent projections 

by the National Petroleum Council on industry capability for exploration 

drilling and production for Alaska offshore areas are shown on Table 5 .  
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Table 5 

PRESENT AND FUTURE, WATER DEPTH CAPABILITIES AND EARLIEST DATES FOR 
EXPLORATION DRILLING AND PRODUCTION FOR UNITED STATES OUTER CONTINENTAL SHELF AREAS 

Maximum Water Depth Capabilities 
Area Province Exploration Drilling Production 

Earliest Date 
Exploration Drilling Production 

Cook Inlet Jack-ups 300-350 feet. Platforms 600 feet for Now At present fixed 24 well 
Southern Aleutian Drillships and semi- ice-free areas. For platform for ice-free 
Shelf submersibles 1,200 - seasonal ice areas such areas in 600 feet ready 
Gulf of Alaska 1,500 feet. as Bristol Bay and Lower for production 4% to 6 
Bristol Bay S. of Cook Inlet, platforms to rn years after field discovery 

o 55O Lat. 200 feet feasible. and delineation, in 200 
feet ready for production 
4 to 5 years. Earthquake 
zones require special 
surveys and engineering 
considerations that could 
cause delays. Satellite 
UWC could extend depth 
100-200 feet in most areas. 
In the future, production 
in ice-free areas in 1,500 
feet feasible 1980-1985. 
Production in seasonal 
ice areas beyond 200 feet 
feasible 1980-1985. 

Source: National Petroleum Council, 1975. 



The technology f o r  o i l  and gas development and o p e r a t i o n a l  capabi l -  

i t y  i n  t h e  Cook I n l e t  has  been demonstrated by t h e  development and 

product ion of o f f s h o r e  f i e l d s  i n  t h e  Upper Cook I n l e t .  

A f t e r  discovery of t h e  f i r s t  o f f sho re  o i l  and gas i n  t h e  Upper 

Cook I n l e t  i n  1963, r ap id  exp lo ra t ion  followed and r e s u l t e d  i n  t h e  

discovery of fou r  major o f f sho re  o i l  f i e l d s  and one o f f s h o r e  gas f i e l d .  

Development of t h e s e  f i e l d s  began wi th  i n s t a l l a t i o n  of t h e  f i r s t  f i x e d  

p la t form i n  1964 and f i r s t  product ion i n  1965. These f i e l d s  a r e  be ing  

developed and produced by 14  se l f -conta ined  f i x e d  p la t forms which 

have been i n  p l ace  f o r  7-10 years .  More than  150 mi l e s  of o f f sho re  

p i p e l i n e s  have been i n s t a l l e d  i n  t h e  Upper Cook I n l e t .  O i l  product ion 

is  t ranspor ted  t o  t h e  Nik isk i  marine te rmina l  on t h e  e a s t  s i d e  of 

t h e  I n l e t  o r  t o  t h e  D r i f t  River  marine te rmina l  on t h e  west  s i d e  of 

t h e  I n l e t  f o r  movement by tankers  t o  West Coast r e f i n e r i e s .  Gas from 

t h e  North Cook I n l e t  f i e l d  i s  t r anspor t ed  t o  a l i q u e f i c a t i o n  p l a n t  

a t  N ik i sk i  and i s  t r anspor t ed  t o  Japan i n  LNG tankers .  F igure  4 i s  

a map of t he  Cook I n l e t  showing t h e  o i l  and gas f i e l d s ,  p i p e l i n e s ,  

and r e l a t e d  f a c i l i t i e s  i n  t h e  Upper Cook I n l e t .  

The Cook I n l e t  is considered a major o i l  and gas producing province. 

O i l  and gas product ion f o r  June 1975 and t h e  cumulative product ion 

f o r  o f f sho re  o i l  and gas f i e l d s  fo l lows  ( S t a t e  of Alaska, 1975): 





June 1975 Cumulative ( through 6/75) 
F i e l d  - O i l  (bb ls )  Gas (MCF) * O i l  (bb ls )  Gas (MCF) 

Gran i t e  Po in t  377,004 58,344,635 

McAr thu r  River 3,303,532 273,327,506 

Middle Ground Shoal 715,137 91,814,814 

Trading Bay 523,207 59,743,472 

N. Cook I n l e t  2,697,998 220,592,058 

To ta l  4,918,880 2,697,998 483,230,427 220,592,058 

* So lu t ion  gas from o i l  f i e l d s  no t  shown. 

Spec i a l  des ign  f e a t u r e s  f o r  t h e  Upper Cook I n l e t  p la t forms  inc lude  

one, t h r e e  and four  legged tower-type p la t forms  wi th  minimum s u r f a c e  

a r e a  a t  t h e  water  l e v e l  t o  provide minimum exposed a r e a  t o  t h e  moving 

i c e  (Vissar  1969).  Wells a r e  d r i l l e d  through t h e  l e g s ,  and t h e  l e g s  

a r e  a t t ached  t o  t h e  s e a  f l o o r  by a s  much a s  65 m of grouted p i l i n g  

designed t o  wi ths tand  r equ i r ed  s t r e s s e s  and uns t ab l e  bottom condi t ions .  

Figure 5 shows des ign  loads  on a tower-type s t r u c t u r e  i n  Cook I n l e t .  

The technology f o r  development of t h e  deep water  p o r t s  of t h e  

Lower Cook I n l e t  i s  a l s o  a v a i l a b l e  and may be adapted from t h e  North 

Sea and o t h e r  o f f s h o r e  a r e a s  where o i l  and gas ope ra t i ons  have moved 

i n t o  deeper  water  u t i l i z i n g  newly developed technology. 

I n  t h e  North Sea a r e a ,  d r i l l i n g  has  been s u c c e s s f u l l y  conducted i n  

water  depths  exceeding 200 m and d r i l l i n g  and product ion p la t forms  

have been placed i n  125 m of water .  A concre te  p la t form was r e c e n t l y  

placed i n  140 m of water  a t  t h e  Brent F i e ld  no r th  of 61' l a t i t u d e  



Design loads on a t o w e r  s t r u c t u l  e i n  
Cook Inlet. 

Figure 8 



i n  t h e  North Sea. Large diameter  p i p e l i n e s ,  8 1  cm, have been i n s t a l l e d  

s u c c e s s f u l l y  i n  water depths  of 146 m and new equipment under cons- 

t r u c t i o n  w i l l  extend t h a t  c a p a b i l i t y  t o  deeper water  (Rainey, 1974). 

There a r e  s e v e r a l  o f f sho re  s t o r a g e  and tanker  loading f a c i l i t i e s  i n  

use  o r  planned f o r  North Sea f i e l d s .  The o f f sho re  t e rmina l s  a r e  designed 

f o r  permanent u se  i n  some f i e l d s  and f o r  temporary o r  supplemental 

use  i n  o t h e r s  u n t i l  p i p e l i n e s  and shore  f a c i l i t i e s  can be completed. 

Some t y p i c a l  North Sea o f f sho re  t e rmina l s  a r e  descr ibed  below: 
/ 

1. Ekofisk f i e l d  - A m i l l i o n  b a r r e l  concre te  s t o r a g e  tank 
combined wi th  an  SBM (Single  Bouy Mooring, Inc . )  tanker  
f a c i l i t y  . 

2 .  Brent f i e l d  - Concrete product ion platforms wi th  up t o  
a m i l l i o n  b a r r e l  s t o r a g e  capac i ty  p e r  p l a t fo rm used i n  
combination wi th  a submersible s t o r a g e  and t anke r  loading  
f a c i l i t y  (She l l  group SPAR system). 

3 .  Argyle f i e l d  - A semi-submersible product ion p la t form wi th  
subsea w e l l s  used i n  conjunct ion wi th  a submersible SBM 
tanker  loading  f a c i l i t y .  

Between 1960 and 1975, 252 subsea we l l s  were completed worldwide 

i n  water depths  of 15-114 m i n  va r ious  o f f sho re  a r e a s  (Ocean Indus t ry ,  

1975). Severa l  subsea product ion systems are i n  t h e  pro to type  o r  

test s t a g e  f o r  u se  i n  water  depths  of 91-456 m and a r e  being developed 

f o r  u se  i n  deep water  i n  conjunct ion  wi th  f i x e d  p la t forms o r  i n  a r e a s  

where platforms a r e  not  f e a s i b l e .  Severa l  advanced subsea product ion 

systems a r e  i n  a c t u a l  u s e  o r  i n  t h e  process  of i n s t a l l a t i o n  i n  t h e  

Gulf of Mexico and t h e  North Sea a reas .  

The type  of development i n  t h e  Lower Cook I n l e t  w i l l  depend upon 

t h e  water  depth,  d i s t a n c e  from shore ,  t h e  type of o i l  o r  gas  d e p o s i t  t o  

be developed and t h e  phys i ca l  and environmental f a c t o r s  a t  t h e  d iscovery  

loca t ion .  Shallow water  development would l i k e l y  fo l low convent ional  

6 5 



use of fixed steel platforms with pipelines to shore, similar to 

the Upper Cook Inlet fields. Deep water development may involve: 

1) conventional fixed steel platforms as in shallow water, 2) a 

combination of fixed steel or concrete platforms, 3) structures with 

subsea wells and production systems with pipelines to shore. 

Recent developments in marine geophysical technology provide 

methods for detecting surface and subsurface geologic hazards so that 

they may be avoided in the selection of locations for wells, fixed 

platforms or other offshore facilities. These geophysical data, in 

conjunction with core sample tests, are used in analyzing soil charac- 

teristics and foundation design for bottom supported structures. 

High resolution acoustic surveys and the submission of data, along 

with pertinent geological and engineering studies, will be required 

prior to permitting wells or the placement of a platform or structure. 

Procedures for analyzing seismic forces and for designing offshore 

structures to withstand earthquakes are available (API, 1974). New 

techniques for evaluating and predicting maximum earthquake probability 

and seismic risk; new techniques for measuring, predicting and analyzing 

structural behavior; and new procedures for investigating, testing, 

evaluating and analyzing soil characteristics and bearing capacity 

for foundation designs have improved overall capability and reliability 

for design of offshore structures in earthquake prone areas, 



DRILLING UNIT AVAILABILITY 

A t  present ,  t he re  a r e  two offshore  d r i l l  v e s s e l s  i n  Alaskan waters.  

The CLOMAR CONCEPTION, a ship-shaped d r i l l  vesse l  belonging t o  Global 

Marine, Inc., is present ly  d r i l l i n g  i n  OCS waters approximately 29 miles 

southwest of Yakataga i n  t h e  Gulf of Alaska. The GEORGE FERRIS, a 

jack-up r i g  owned by Sun Marine D r i l l i n g  Co., is not  d r i l l i n g  a t  the  

present  and i s  located i n  S t a t e  submerged lands i n  Kachemak Bay. 

There a r e  only two other  mobile d r i l l i n g  vesse l s  i n  t h e  P a c i f i c  

Coast area;  the  CUSS No. 1, owned by Global Marine Inc., and the  

WODECO I,  owned by Western Offshore. Both a r e  small  f l o a t i n g  barge 

type vesse l s  not  designed f o r  long term opera t ions  i n  the  Gulf of 

Alaska. 

The r e l a t i v e l y  shallow water depths and t h e  moderate sea  condit ions 

of the  Lower Cook I n l e t  w i l l  allow exploratory d r i l l i n g  by jack-up 

r i g s  a s  we l l  as d r i l l s h i p s  and semi-submersible vesse ls .  However, 

due t o  the  extreme winter  condit ions and i c e  f l o e s  i n  p a r t  of the  

Lower Cook I n l e t ,  d r i l l i n g  may be r e s t r i c t e d  t o  the  summer season 

(Apri l  through October) , 

The t rend i n  new d r i l l s h i p s  and semi-submersible vesse l s  has been 

toward capab i l i ty  of d r i l l i n g  i n  deeper water and i n  more harsh 

environmental cl imates.  Most d r i l l  sh ips  and semi-submersibles 

constructed i n  recent  years ,  and near ly  a l l  of these  under construc- 

t i o n  o r  planned, a r e  of the  c l a s s  and type designed f o r  extended 



operations in rigorous environmental regions such as the North 

Sea, offshore Eastern Canada, and the Gulf of Alaska. The semi- 

submersible rigs are designed for stability under adverse sea and 

weather conditions, whereas the drill ships are designed for maximum 

mobility and self-sufficiency. Both semi-submersible and drill ships 

are capable of drilling in water depths of 305 m using chain anchor 

systems and can be used in deeper water if they are equipped with 

dynamic positioning equipment. Floating drill vessels are susceptible 

to delay and down time during extreme weather conditions, and drilling 

productivity in the Gulf of Alaska will likely be reduced during the 

stormy fall and winter season even though the newer rfgs are designed 

for year round operations under these conditions, 

Mobile offshore drill vessels for the Alaska offshore areas must 

be obtained from other parts of the world which will require consider- 

able transit time and expense since most offshore mobile drilling 

units are being constructed or working on the Gulf Coast of the 

United States or in foreign areas, mainly in the European and Far 

East areas. Cost of mobilization and moving a drilling unit from 

the North Sea to the Cook Inlet area is estimated to be between 1,5 - 5 
million dollars depending upon the type of rig. 

A recent count of offshore mobile rigs showed 298 total units 

in operation, of which 83 are floating drill ships or barges, 139 

are jack-up (bottom supported) and 76 are semi-submersible. An 

additional 139 units are under construction or planned, including 33 



d r i l l  s h i p s ,  55 jack-ups and 51  semi-submersibles. (Offshore Rig 

Data Serv ices ,  1975) . 
Table 6 i n d i c a t e s  mobile o f f sho re  r i g s  under cons t ruc t ion  wi th  

a breakdown of completion d a t e s  through 1977 by r i g  type. 

MANPOWER 

As i n  t h e  case  w i t h  d r i l l i n g  u n i t s ,  most of t h e  s k i l l e d  manpower 

f o r  explora tory  d r i l l i n g  w i l l  i n i t i a l l y  have t o  come from o t h e r  a r eas .  

The r e s e r v o i r  of manpower, i n  genera l ,  needed f o r  t h e  d r i l l i n g ,  de- 

velopment and production, inc luding  t h e  i n s t a l l a t i o n  of p la t forms,  

p i p e l i n e s  and onshore f a c i l i t i e s  is  r e l a t i v e l y  small due t o  1 )  t h e  

low populat ion dens i ty  i n  Alaska and 2) t h e  continued need of 

q u a l i f i e d  people on e x i s t i n g  product ion f a c i l i t i e s  i n  t h e  Upper Cook 

I n l e t  . 
Some of t h e  s k i l l e d  manpower may be  a v a i l a b l e  i n  Alaska, depending 

on t h e  s t a g e  of cons t ruc t ion  of t h e  Trans-Alaska o r  o t h e r  p i p e l i n e s  

and of t h e  Prudhoe Bay o i l  f i e l d .  Also, i t  i s  expected t h a t  

replacements w i l l  be  r e c r u i t e d  from t h e  l o c a l  l abo r  market and t r a i n e d  

i n  t h e  s k i l l s  requi red .  A s  t h e  energy sho r t age  cont inues ,  many pre- 

d i c t  t h a t  s k i l l e d  manpower f o r  t h e  o i l  and gas  and r e l a t e d  i n d u s t r i e s  

w i l l  b e  i n  s h o r t  supply. 

A l a r g e  p o t e n t i a l  supply of manpower, a v a i l a b l e  f o r  t r a i n i n g ,  

e x i s t s  i n  t h e  P a c i f i c  Northwest and Ca l i fo rn i a .  Its r e a l  a v a i l a b i l i t y  

w i l l  depend i n  l a r g e  p a r t  on t h e  r e l a t i v e  s t a t e  of t h e  n a t i o n a l  economy 

and i n  f i nd ing  a s u f f i c i e n t  number of i n d i v i d u a l s  w i l l i n g  t o  work 

f a r  from home under ha r sh  c l i m a t i c  cond i t i ons  f o r  long per iods  of 

time. 



Table 6 

Mobile Rigs Under Construction as of August 1975 

Rig Type Total Number 
Completion Date 

1975 1976 1977 or later 

Semi-submersibles 51 14 33 4 
I 

Jackups 

Drillships 

Source: Offshore Rig Data Services, 1975. 



TIME FRAME FOR DEVELOPMENT 

Estimates of a time frame for development and production from 

a new area are conjectural at best. Speculative factors which can 

affect development timing include the ready availability of needed 

equipment and material, water depth, discovery success, reservoir 

and hydrocarbon character, economic climate and other conditions which 

can cause unforeseen delays (labor disputes, environmental hearings, 

etc.) 

A review of Upper Cook Inlet development indicates the time from 

lease sale to first production to vary from 4-7 years with peak pro- 

duction attained 1-2 years later. This would indicate a total time 

of 5-9 years from lease sale to peak or maximum production. It should 

be recognized that this time frame applies to relatively shallow water 

areas, less than 100 feet (20 m), where drilling and development is 

less difficult and less expensive than in deeper water areas which 

require additional time for design and construction of special deep 

water equipment and facilities. 

The expensive operating conditions and the expected high cost 

of equipment for Alaska operations will likely restrict development 

to the shallow water areas with lower costs. Development in deeper 

water will be restricted to those fields which have very large recover- 

able reserves and sufficient potential productivity for economic 

development. 
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