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FOREWORD

This assessment and analysis of south-
central Alaska natural gas supply and de-
mand was performed for the U.S. Depart-
ment of Energy’s (DOE) National Energy
Technology Laboratory (NETL) by Science
Applications International Company’s
(SAIC) Alaska Energy Office, Anchorage,
Alaska. The work was initiated in August
2003 and completed and published in June
2004 following reviews by the Steering
Committee, state and federal stakeholders,
local industry, and DOE.

Cook Inlet natural gas is the primary fuel for
electricity generation and space heating in
south-central Alaska. In addition, LNG ex-
port and fertilizer production provide the
economic base for a large part of the Kenai
Peninsula Borough. Based upon reserve
estimates and future demand estimates, it
was widely held that the Cook Inlet natural
gas fields have been depleted to the point
that demand will outstrip supply in a few
years. With much of the regions economic
well-being dependent upon having an af-
fordable and reliable source of natural gas,
the south-central Alaska natural gas and
electric utilities approached their Congres-
sional representatives seeking Federal
funds to prepare a conceptual design for
delivering natural gas from the North Slope
to the Anchorage area to augment the areas
natural gas supply.

Funding for a conceptual design was pro-
vided through Federal appropriations to
DOE'’s Arctic Energy Office, but it was in-
adequate to undertake the large and expen-
sive task of preparing a conceptual pipeline

design. Therefore, with the concurrence of
the south-central Alaska natural gas and
electric utilities and Congressional stake-
holders, it was determined that a thorough
investigation of the viable options to meet
the projected natural gas needs in south-
central Alaska should be the focus of the
initial funding before performing an expen-
sive conceptual study of the spur pipeline
option. The potentially viable options in-
clude exploration and development of addi-
tional gas reserves in the Cook Inlet, import-
ing LNG, as well as the economics of bring-
ing North Slope gas to the region.

A Steering Committee was formed to review
the plans and progress as the study was
being performed. The Steering Committee
met on September 22, 2003, November 13,
2003, January 22, 2004, March 3, 2004,
and March 22, 2004. The committee mem-
bers are listed below.

Joe Griffith, General Manager/Lee Thibert,
Chugach Electric Association

Harold Heinze, CEO, Alaska Natural Gas
Development Authority

Tony lIzzo, President, ENSTAR Natural Gas
Company

Tom Irwin, Commissioner/William Nebesky,
Alaska Department of Natural Resources
James Posey, General Manager, Anchor-
age Municipal Light & Power

Brent Sheets, Director, U.S. Department of
Energy Arctic Energy Office

Cam Toohey, Special Assistant to the Sec-
retary for Alaska, U.S. Department of Inte-
rior
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SOUTH-CENTRAL ALASKA NATURAL GAS STUDY
ABSTRACT

The south-central Alaska Natural Gas Study
is a geologic, engineering, and economic
assessment of the options to meet the in-
termediate- and long-term natural gas de-
mand for the region. An abundant supply of
low-cost natural gas from the Cook Inlet Ba-
sin was discovered more than 30 years ago
as a by-product of oil exploration. This low-
cost gas has supplied all of south-central
Alaska’s residential, commercial, and indus-
trial demand including manufacture and ex-
port of large quantities of fertilizer and lique-
fied natural gas (LNG) since the late 1960’s.
Consumers and businesses throughout the
region have also benefited from low-cost
gas.

The estimated ultimate recovery from exist-
ing Cook Inlet gas fields is approximately
8.5 trillion cubic feet (Tcf) and the proven
reserves remaining on January 1, 2004
were 1.8 Tcf. Proven reserves in known
Cook Inlet fields are forecast to meet de-
mand until 2012, if the Agrium fertilizer plant
is shut down in 2005 because of a lack of
adequate affordable gas supplies and LNG
export ends when the export license expires
in 2009. A shortage could occur as early as
2009 unless industrial use is reduced or
new gas reserves are developed.

Ninety-five percent of the Cook Inlet gas
was found before 1970 during exploration
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for structurally trapped oil. A total Cook
Inlet gas resource endowment of 25 to 30
Tcf original-gas-in-place (OGIP), more than
two times the amount already discovered, is
postulated. Land access, market price, and
technology issues will determine the suc-
cess of developing some portion of this gas
endowment. Reserves growth in existing
fields is expected to play a major role and is
the lowest cost option with investment esti-
mated to be $0.35/thousand cubic feet (Mcf)
compared to a finding and development
cost for exploration of approximately
$0.75/Mcf, or over $5 billion to find and de-
velop 50% of the undiscovered resources.
For this to occur, prices will have to be high
enough for Cook Inlet investment to com-
plete with investment opportunities world-
wide.

A spur gas pipeline from a North Slope
pipeline with a takeoff point at Fairbanks to
the Anchorage area is estimated to cost
$500 million for 330 million cubic feet per
day capacity (120 billion cubic feet/year,
Bcf/yr) and may allow North Slope gas to be
delivered to south-central Alaska at a price
advantage of $1.00/Mcf below Lower 48
prices. Sufficient long-term demand must
exist in the region to support investment in a
spur pipeline. Currently, the total industrial
demand is 130 Bcf/yr and commercial and
residential demand is about 70 Bcf/yr.
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SOUTH-CENTRAL ALASKA NATURAL GAS STUDY
EXECUTIVE SUMMARY

Summary Conclusions

The Cook Inlet Basin is the source for all of
the natural gas used in south-central
Alaska. This gas supplies the residential
and commercial demand for utility gas and
electricity generation and two industrial fa-
cilities, Agrium’s fertilizer plant and the
ConocoPhillips/Marathon LNG plant, in
Nikiski, Alaska on the Kenai Peninsula.

e The current remaining proven reserves
represent about a 9-year supply at cur-
rent demand rates.

e The estimated ultimate recovery for ex-
isting Cook Inlet gas fields is approxi-
mately 8.5 trillion cubic feet (Tcf).

¢ Ninety-five percent of the gas was found
before 1970 during exploration for struc-
turally trapped oil.

o There was no gas-focused exploration
until the late 1990s.

The Cook Inlet Basin lacks numerous me-
dium to large gas fields when viewed from
the geologic expectation of a lognormal dis-
tribution of field size and reserves. The
analysis suggests a total gas resource en-
dowment of 25 to 30 Tcf OGIP best repre-
sents the expected lognormal state. This is
more than two times the in-place gas vol-
umes already discovered.

e The potential exists for an additional 13
to 17 Tcf of conventionally recoverable
gas in the Cook Inlet basin in addition to
the 8.5 Tcf recoverable gas already dis-
covered. A recovery factor of 85% is
used in these estimates.

e These resources are expected to be
largely biogenic gas in stratigraphic or
combination traps.

¢ No exploration has yet occurred for
stratigraphic accumulations.

e Land access, market price, and technol-
ogy issues will determine the degree to

which these potential volumes can be
achieved.

Proven reserves in known fields are fore-
cast to meet demand until 2012 for the base
case, which assumes the Agrium fertilizer
plant shuts down in 2005 as a result of lack
of sufficient quantities of low-cost gas and
that LNG export ends when the current con-
tract and export license expires in the first
quarter of 2009.

A shortage will occur by 2009 unless new
reserves are found and developed, or indus-
trial use is curtailed. Large seasonal swings
in demand and very limited gas storage
could lead to seasonal shortages before
2009. Fortunately, new gas is being dis-
covered and developed as a result of the
stimulus being provided by higher prices
and market demand; e.g., the recently dis-
covered Ninilchik and Happy Valley fields
on the Kenai Peninsula.

A second case including reserves growth of
1.4 Tcf in existing fields, including field ex-
tensions, is sufficient to meet the projected
residential and commercial consumer de-
mand through 2025 with a limited amount of
gas available for industrial use.

e The estimated investment required for
reserves growth is $0.35/Mcf, or $500
million, for the additional 1.4 Tcf. Al-
though this magnitude of reserves
growth is reasonable to expect in this
basin, it will not occur without invest-
ment and thorough geologic and engi-
neering revaluation of the larger produc-
ing fields.

o Reserves growth is expected to occur in
response to an increase in real prices.
A recent contract has indexed prices to
a 36-month average of Lower 48 refer-
ence prices (Henry Hub).



The minimum economic field sizes (MEFS)
at $4.50/Mcf are 108 billion cubic feet (Bcf)
for offshore locations, 49 Bcf for transition
zone locations, and 40 Bcf for onshore loca-
tions. Finding and development costs for
onshore locations are estimated to vary
from about $0.75/Mcf for small fields to
$0.30/Mcf for large fields with 400 to 1,500
Bcf OGIP.

Investment required to explore and develop
50% of the estimated 13 to 17 Tcf resources
potentially available to be discovered could
require investment of $5 to $6 billion, if the
fields are predominantly onshore. If they
are predominantly offshore, the investment
would be higher.

A spur pipeline from a North Slope gas
pipeline (assumed to be built to move 4,500
million cubic feet per day (MMcf/day) or
1,642 Bcflyear) with a takeoff point at Fair-
banks to the Anchorage area and connec-
tion to the existing distribution system is es-
timated to cost approximately $500 million
dollars for a 330 MMcf/day (120 Bcf/year)
capacity 24-in. line. This first-cut analysis
suggests that North Slope gas could be de-
livered to south-central Alaska at a struc-
tural price advantage of about $1.00/Mcf
below Lower 48 prices. The estimated tim-
ing for completion of a pipeline ranges from
2013 to 2015.

e Sufficient demand must be present to
support the investment required to con-
struct a spur pipeline. Currently, total
demand is 356 MMcf/day (130 Bcf/year)
for industrial use and about 192
MMcf/day (70 Bcf/year) for residential
and commercial use.

e For aspur line to be viable as a market-
driven development, industrial activities
must be profitable at prices significantly
higher than historical Cook Inlet indus-
trial gas contracts, and possibly higher
than the current Cook Inlet prevailing
gas price for utility use.

Coalbed natural gas is a major potential re-

source for south-central Alaska with esti-

mated technically recoverable resources of

7 Tcf. The economic viability and timing of
any contribution from this resource is highly
uncertain because of the high cost of devel-
opment, the lack of sufficient data to predict
gas productivity and the amount of water
that must be handled, and land access is-
sues.

Curtailing industrial use and importing LNG
from foreign sources are both options for
maintaining sufficient supply to meet the
critical demand for heating and electric
power but are not economically appealing
options for Alaska.

Purpose

The purpose of this investigation is to iden-
tify and evaluate the options available to
meet future south-central Alaska natural gas
demand and provide for economic growth.
The south-central Alaska region is shown in
Figure ES-1.
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Figure ES.1. South-central Alaska region
and Cook Inlet Basin location map with gas
fields and gas pipelines.

The primary opportunities for ensuring ade-
guate future supply of natural gas are de-



velopment of additional gas reserves in ex-
isting Cook Inlet fields, exploration and de-
velopment of new gas fields in the Cook
Inlet Basin, and development of a spur pipe-
line to bring Alaska North Slope gas to the
region.

Introduction

The south-central Alaska region includes
the upper and lower Cook Inlet Basin includ-
ing the Outer Continental Shelf (OCS) por-
tion and the Susitha Basin. The coalbed
natural gas that is being actively investi-
gated is located north of Anchorage in the
Matanuska-Susitna Valley on both sides of
the Castle Mountain Fault near Houston and
Wasilla. This figure includes the gas fields
and the gas pipelines in the Cook Inlet re-
gion and the location of the Bristol Bay Ba-
sin, Copper River Basin, and the Nenana
Basin. These basins may have long-term
gas potential.

The supply of locally-produced natural gas
in south-central Alaska has exceeded de-
mand since discovery of about 8 Tcf of eco-
nomically recoverable conventional gas re-
sources by 1970. This gas was discovered
as a by-product of oil exploration.

The large supply of low-cost gas spurred
manufacture of fertilizer and allowed Alaska
to export large quantities of LNG to Japan.
Historically, industrial use has consumed
over 60% of the gas produced in the Cook
Inlet as shown in Figure ES.2. This low-cost
gas, consistently below U.S. Lower-48 gas
prices, has benefited residential gas and
electric utility consumers from Homer to
Fairbanks. Electricity for the south-central
Alaska region is based exclusively on natu-
ral gas.

Today the abundant supply of low-cost gas
has run out. Fields and accumulations
whose estimated ultimate recovery (EUR) is
now known to be about 8 Tcf had been dis-
covered by 1970. This was a reserves-to-
production ratio of 50 in 1970 but by 2002
the reserves-to-production ratio has de-

creased to nine as a result of gas use. As a
result of the decreased low-cost gas supply,
unwanted changes are taking place:

Cook Inlet Gas Consumption by Major Consumption Groups 1971-2003
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Figure ES.2. Historical gas consumption by
major groups in south-central Alaska, 1971 to

2003 (Alaska Department of Natural Resources, Divi-
sion of Oil and Gas, 2003 Annual & forthcoming 2004
Annual Report).

Fertilizer production at the Agrium fertil-
izer plant in Nikiski has been reduced
due to lack of access to low-cost gas
and the plant could cease production by
the end of 2005 resulting in the loss of
over 250 jobs. Agrium is also the sec-
ond highest tax payer in the Kenai Pen-
insula Borough.

The LNG export license and the existing
supply contracts with Tokyo Electric and
Tokyo Gas expire the first quarter of
2009. Long-term proven supplies of
natural gas must be available to support
continued operation of the LNG plant.
The gas utility, ENSTAR Natural Gas
Company, has recently negotiated a
contract with a producer indexed to
Lower 48 reference prices (36-month
trailing average of Henry Hub prices) to
encourage exploration for gas to en-
sure long-term supply and the stimulus
has resulted in increased exploration
and discoveries of new resources.

If the upward trend of gas prices in the
Cook Inlet continues toward parity with
U.S. Lower 48 prices, prices for resi-
dential and commercial gas consumers
and electric consumers will continue to
increase.



The Cook Inlet Basin is lightly explored and

only in the last five years has there been

any effort to look specifically for new gas.

The questions to be answered are:

o What is the potential for new gas re-
sources?

e Will access to the most prospective ar-
eas be possible?

¢ What will new gas cost?

o What will be the investment required?

Scope and Approach

The supply options for the south-central
Alaska region analyzed in detalil are: (a)
finding and developing additional conven-
tional Cook Inlet Basin natural gas reserves,
and (b) building a spur gas pipeline to bring
North Slope gas to the south-central Alaska
region. Future demand is based on as-
sumptions about future industrial use, a re-
cent Railbelt Power Study published by the
electric utilities, and projection from histori-
cal utility gas use. Reserves and production
forecasts published by the Alaska Depart-
ment of Natural Resources Division of Oil
and Gas in the December 2003 Annual Re-
port or prepared by the authors of this report
are used as the basis for the analysis. The
results produced by the economic models
are dependent on many factors including
the structure and architecture of the models;
the level of detail in the models; the mathe-
matical algorithms used; and the input as-
sumptions, which rely on publicly available
data. The results produced by the models
should not be viewed as precise forecasts
of any future level of supply, demand, or
price. Instead, they should be viewed as
estimates of trends and ranges of possible
outcomes from the specific assumptions
made. The model results provide guidance
regarding the likely impacts of pursuing par-
ticular choices relative to the south-central
Alaska natural gas market.

Part of the solution to the supply-demand
problem would be to curtail demand by
stopping or reducing industrial use but this

Xi

only delays the problem and will have nega-
tive economic impact on Alaska and espe-
cially on the Kenai Peninsula Borough.

Future demand can also be reduced by: (a)
conservation by consumers; (b) more effi-
cient electric generation through investment
in more efficient equipment by the utilities
(Anchorage Municipal Light and Power
(ML&P) and Chugach Electric Association);
(c) power generation from alternative
sources such as coal, wind, or hydropower,
which would also require major investments;
and (d) gas storage in depleted or near-
depleted oil or gas fields for short-term and
peaking needs.

The impact and cost of these options are
not analyzed in this study. More efficient
electricity generating equipment and alter-
natives such as wind, coal, and additional
hydropower are being studied by the utili-
ties. Gas storage has occurred in the past
in the Swanson River field and is expected
to continue; however, storage capacity and
deliverability are likely to be more critical in
the future to meet peaking demands, if the
supply-demand margin continues to de-
crease.

A final option would be to import LNG from
foreign sources through existing LNG export
facilities at Nikiski, Alaska. This would re-
quire facilities to re-gasify the LNG and in-
crease the pressure to levels necessary to
input gas to the ENSTAR gas pipeline sys-
tem. Importing natural gas into Alaska
would have negative impact on the region
and state through lost revenue from royalty
gas and taxes and the economic drain of
capital from the region to pay for imports. It
would also make Alaska part of the world-
wide LNG market and subject to worldwide
LNG prices for gas to serve local markets.
These prices could turn out to be higher or
lower than gas can be found and developed
in the Cook Inlet basin or delivered from the
North Slope.



The interaction of supply from new gas re-
serves in the region and a spur pipeline to
bring North Slope gas to the region will im-
pact gas prices in the region and will be an
iterative process. Successful exploration
and addition of a large quantity of new re-
serves will tend to moderate prices and
possibly slow investment in exploration and
production (E&P) activity.

Geological Assessment

Exploration in the Cook Inlet Basin has his-
torically been focused on structural plays in
the search for oil with no attempt to evaluate
stratigraphic potential or to look primarily for
gas. Only 240 exploration wells have been
drilled in the basin and only in the last five
years has gas come into its own as a pri-
mary exploration and evaluation objective.
There is still no effort to explore for the
stratigraphic plays that typically account for
50% or more of the ultimate production in
basins elsewhere. The exploration well lo-
cations and the limits of the Tertiary sedi-
ments are shown in Figure ES.3. Modern 3-
D seismic technology is also just starting to
be used in the basin to locate additional gas
resources. The lower Cook Inlet subbasin,
basically the OCS area south of Kalgin Is-
land, and the Susitna Basin have only been
lightly explored with little effort directed to-
ward conventional gas exploration.

The Cook Inlet oil and associated gas were
derived thermogenically from Middle Juras-
sic and possibly Late Triassic marine source
rocks and subsequently reservoired in the
lower Tertiary West Foreland, Hemlock and
lower Tyonek formations. The non-
associated biogenically derived dry gas is
sourced from coals and carbonaceous fine-
grained sediments in the Tertiary sedi-
ments, upper Tyonek, Beluga, and Sterling
formations, and is found in reservoirs inti-
mately associated with the source litholo-
gies in these younger sediments.

The vast majority of the proven gas re-
serves (94%) are non-associated biogenic
gas that has no genetic relationship to the
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Figure ES.3. Cook Inlet exploration wells, 1955
to 2003, and limits of Tertiary sediments.

origin and distribution of oil, which has his-
torically been the primary exploration objec-
tive. Therefore, it is not realistic to conclude
that exploration based on oil prospects will
necessarily lead to a true evaluation of the
basin’s gas potential.

Ninety-five percent of the estimated ulti-
mately recoverable gas, 8.5 Tcf, was found
by 1970. Production to date has been ap-
proximately 6.7 Tcf, with proven remaining
reserves of about 1.8 Tcf. The 8.5 Tcf of
recoverable gas is equivalent to about 10
Tcf OGIP.

According to accepted geologic theory and
evidence, the number of fields and the size
of those fields should be log-normally dis-
tributed. This analysis leads to the conclu-
sion that the total conventionally recover-
able gas resource endowment in the Cook
Inlet Basin is much larger than suggested
by the 10 Tcf OGIP in the known fields.



There are undiscovered fields with 200 to repeated cycles of uplift, erosional trunca-

1,500 Bcf OGIP missing from the expected tion, and deposition. The eastern and
field-size distribution. The estimated total western margins had similar histories asso-
gas resource endowment for upper Cook ciated with movement along the basin-
Inlet suggested by the analysis is 25 to 30 bounding faults. In these areas and else-
Tcf OGIP. The missing fields needed to fill where in the basin, the interleaved nature of
in the log-normal distribution for a 25 Tcf stream channel systems and alluvial fans
total gas-in-place endowment are shown in with finer-grained flood plain, lacustrine, and
Figure ES.4. paludal deposits creates pure stratigraphic
traps.
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Figure ES.4. Cook Inlet Basin 25 Tcf gas endowment case: Inferred field size distribution and inferred
gas resource distribution by class size.

The estimated total conventionally recover-

able gas resource is about 13 to 17 Tcf The USGS estimated volume of coalbed
more than the 8.5 Tcf that is expected to be natural gas is approximately 140 Tcf, of
recovered from the existing fields based on which only 10% is assumed to be accessi-
current proven reserves estimates and an ble, and of that 50% recoverable. This
average 85% recovery factor. These con- yields a potential resource of 7 Tcf of coal-
ventionally recoverable gas resources may bed natural gas. The economic potential of
be accounted for by reserves growth in ex- this resource is currently unknown and the
isting fields and by discovery of new fields. timing for any commercial development is
U.S. Geological Survey (USGS) analysis so uncertain that its role in the future gas
provides an estimate of reserves growth of supply for south-central Alaska cannot be
2.5 to 3.0 Tcf in existing fields in the upper predicted.
Cook Inlet Basin. Lower Cook Inlet and the
Susitna Basin may have the potential to add The geological assessment of the Cook
another 2 to 3 Tcf of undiscovered conven- Inlet Basin strongly suggests that there are
tionally recoverable resources. large remaining natural gas resources to be
found. However, exploration cannot pro-
The bulk of the undiscovered conventional ceed if access to prospective lands is hin-
gas resources are believed to be strati- dered or denied by constraints on explora-
graphic with virtually the entire upper Cook tion and development. Constraints may be
Inlet subbasin having some level of explora- imposed by the regulations and stipulations
tion potential. The greatest likelihood for associated with many of the various land
success is along the flanks of the large withdrawals in the Cook Inlet Basin area.
structures that have had an intermittent These areas could potentially make 30 to
structural growth history accompanied by 50% of the most prospective areas off limits.
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Technologies to reduce environmental im-
pact from 3D seismic acquisition and ex-
tended reach horizontal drilling may serve to
mitigate these impacts on resource evalua-
tion and development.

Reserves and Production Rate Forecasts

The total remaining proven gas reserves for
the Cook Inlet Basin non-associated dry gas
fields as of January 1, 2004 are estimated
to be 1,785 billion cubic feet (Bcf). The es-
timate of ultimately recoverable reserves for
these dry gas fields is 7,927 Bcf. This com-
pares favorably with the estimates prepared
by the ADNR Division of Oil and Gas in their
2003 Annual Report, which lists proven re-
maining reserves at 1,714 Bcf and esti-
mated ultimate recovery for the same dry
gas fields of 7,857 Bcf. Production fore-
casts are determined for eight fields: Beaver
Creek, Belgua River, McArthur River, North
Cook Inlet, Swanson River and Ninilchik
and Happy Valley, two recent discoveries.
These eight fields contain over 90% of the
remaining reserves in the Cook Inlet dry gas
fields. The aggregated production forecast
for all the other non-associated gas fields
published by the ADNR Division of Oil and
Gas in the December 2003, Oil and Gas
Report is used for the economic evaluations
for those fields.

Economic Analysis

The Cook Inlet gas market is clearly in tran-
sition as a result of the utilization and mone-
tization of stranded gas found in the 1960's.
Cook Inlet gas has been used to meet the
needs of two large industrial facilities, and a
growing commercial and residential market.
The reserves-to-production (R/P) ratio is
now at about nine years, which is approach-
ing the R/P ratio in the Lower 48. The
Lower 48 gas supply has repeatedly re-
sponded to increasing real price signals with
the transfer of probable and possible re-
serves to proven reserves in existing fields
(reserves growth) through development,
and through active frontier exploration; e.g.,
exploration in deep water in the Gulf of Mex-
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ico, and the continuing development and
application of new technology such as ultra-
deep water drilling, horizontal wells, and 3-D
seismic. The Cook Inlet region is at a turn-
ing point in its history, with the exploration
focus turning to natural gas rather than ex-
clusively on oil and the recent success in
adding new gas reserves. In response to
increased real prices being seen in the lat-
est contracts, Cook Inlet projects appear to
be able to compete for capital with other
investment opportunities worldwide.

Reserves growth in the Cook Inlet is ex-
pected to be a major component of new
proven reserves with recent operator activity
and increased spending to increase proven
and probable reserves through workovers,
opening previously undeveloped zones,
new wells, and redrills into existing and new
reservoirs identified by modern 3-D seismic.
Significant reserves additions that occurred
in the mid-1980’s and again in the mid-
1990's were primarily the result of detailed
geologic and reservoir engineering analysis
of existing data. Future reserves growth will
occur as the operators continue to reevalu-
ate existing fields with new technology and
make the investments needed to increase
reserves based on increasing prices. The
recent increase in 3-D seismic activity is
further evidence that the operators are re-
sponding to the increased value of their
proven reserves. Delineation drilling using
extended reach and horizontal wells will be
used to expand the search for satellite ac-
cumulations, similar to what has occurred
on the North Slope. The continued high
prospectivity of the Cook Inlet bodes well for
increased industry interest to add reserves
to meet the demand for natural gas pro-
vided the opportunities and essential fiscal
stability remain in place.

The economic analysis conducted is a de-
terministic evaluation of the south-central
Alaska supply of conventional gas from four
sources: (1) proven reserves, (2) reserves
growth, (3) exploration in the Cook Inlet ba-
sin, and (4) a spur gas pipeline to bring
North Slope gas from Fairbanks to the



south-central Alaska region. The analysis
does not examine the impact of public fund-
ing or other non-market-based price incen-
tives. Other options such as coalbed natu-
ral gas, electricity from coal plants and al-
ternatives such as wind power and hydro-
power, and conservation are not analyzed
but could play a role in the meeting energy
needs in the future.

Gas storage in some form to meet seasonal
demand variations and sustained peak de-
mand is likely to become more and more
important in the next five to ten years. Gas
storage in oil and gas reservoirs, salt
domes, and as LNG is used in the Lower 48
to meet seasonal and daily demand swings.
The gas storage option will need to be ana-
lyzed in detail to assess its viability and
cost. Such an analysis is not included in
this report.

The gas prices used for the existing fields
are based on the best available data for the
existing contracts for the various fields. The
transition to a Lower 48 Henry Hub price
basis (based on a recent Unocal and EN-
STAR Natural Gas Company contract that
indexed prices to a 36-month trailing aver-
age of Henry Hub prices) is used for re-
serves growth, new exploration, and as the
comparison basis for the spur gas pipeline
analysis. Cook Inlet gas prices have his-
torically been significantly lower than aver-
age Lower 48 gas prices, which is a major
factor in the historical lack of interest by op-
erators to explore for natural gas.

Base Case

The base case demand assumes: (1)
Agrium’s fertilizer plant stops operations at
the end of 2005 as a result of limited low-
cost gas supply, (2) the LNG plant stops
operations in the first quarter of 2009 at the
end of the current export license, and (3)
gas demand for utility use and for electric
power generation continues to increase.
Demand projections are based on historic
growth trends for utility gas use and the
power generation projection is from a recent
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study of power generation needs by the
electric utilities. The analysis shows:

e For this scenario, the proven reserves

are forecast to meet the commercial and
residential needs until 2012. Yearly av-
erage demand volumes are shown in
Figure ES.5 by the bar graphs and the
forecast production for all fields by the
top curve.

250 Base Case

All Supply Aggregated

——&—— Supply - Al Fields
Supply from Al Fields
Except Kenai, McArthur River, North Cook Inlet

200 —

B Urea Demand
I NG Demand
[ Power Generation Demand

150 —
I Gas Utlity Demand

Gas, Beflyear

100 —

50 —

2000 2005 2010 2015 2020 2025

Figure ES.5. Base case for total aggregated
supply and demand (top curve), and All Supply
less fields dedicated to industrial demand (bot-
tom curve).

¢ Demand could exceed supply by 2009,

if non-industrial demand continues to in-
crease as forecast and all the gas from
the fields whose production is dedicated
to industrial customers (Kenai River,
McArthur River, and North Cook Inlet
fields) is used for that purpose. The
production forecast for all fields except
Kenai, McArthur River, and North Cook
Inlet is shown by the lower curve in Fig-
ure ES.5.

e |If all unused gas from industrial con-

sumers (fertilizer and LNG plants), be-
comes available for utility and power
generation use, supply could meet de-
mand for three to five years beyond
2012 based on the yearly average vol-
umes. However, the yearly average
volumes mask large seasonal swings in
demand (e.g., the ENSTAR demand
swing is 2.7:1) and the spare, on-call
production capacity could be less than
required to meet peak demand without



gas storage or additional production ca-
pacity. Such shortfalls could possibly
occur before 2009 but a more detailed
study of short-term peak demand and
field-by-field deliverability would need to
be conducted to provide a more precise
estimate.

Reserves Growth Case

A scenario with potential reserves growth of
1.4 Tcf in the existing fields, including field
extensions, was examined using an in-
crease in real prices indexed to Henry Hub
prices. Reserves growth of this magnitude
is not an unreasonable assumption in and
around the existing fields but will require
significant new investment to support ag-
gressive development programs through
workovers, redrills, and new wells drilled to
targets identified by 3-D seismic programs.

The addition of 1.4 Tcf through reserves
growth is sufficient to supply the projected
basic commercial and residential con-
sumer’s gas demand through 2025. A lim-
ited amount of gas remaining after supply-
ing commercial and residential demand
would be available to continue industrial ac-
tivity at reduced levels. Reserves growth of
this magnitude will require an estimated in-
vestment of up to $500 million.

Minimum Economic Field Size

The minimum economic field size (MEFS)
for offshore, transition zone, and onshore
locations, each having different exploration,
development and operating cost structures
are examined for a range of prices from
$1.00/Mcf to $6.00/Mcf. For a $4.50/Mcf
price the offshore field MEFS was 108 Bcf
OGIP, 49 Bcf OGIP for the transition zone,
and 40 Bcf OGIP for the onshore fields.
Finding and development costs are esti-
mated to vary from about $0.75/Mcf for the
smaller fields, Class 3 to 4 (24 to 96 Bcf), to
about $0.30/Mcf for Class 7 and 8 (384 to
1,526 Bcf) sized fields.
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Exploration Case

Potential new fields in the Class sizes 6
(192 to 384 Bcf), 7 (384 to 768 Bcf), and 8
(768 to 1,536 Bcf) were analyzed as un-
risked, grass-roots exploration projects us-
ing the Henry Hub pricing basis and on-
shore location costs. The finding and de-
velopment cost varied by the amount of gas
discovered and developed. New capital in-
vestments are about $152 million for a
Class 6 field, $250 million for a Class 7, and
$385 for a Class 8.

The total unrisked capital required to ex-
plore for and develop 50% of the estimated
remaining potential undiscovered reserves
in the Cook Inlet (out of the total 13 to 17
Tcf) would require investment of $5 to $6
billion at a $0.75/Mcf finding and develop-
ment cost for onshore fields. If the new dis-
coveries are offshore, the investment will
likely be higher. Additionally, regulatory and
permitting challenges to exploration and de-
velopment offshore and offshore continue to
increase and add significant risks and costs
to future investments.

Spur Pipeline Case

A spur pipeline from a North Slope gas
pipeline to the Anchorage area and connec-
tion to the existing gas distribution system
was examined to determine its potential as
a cost effective gas supply option. While a
number of issues need to be resolved, the
estimated tariffs are $1.46/Mcf to $1.12/Mcf,
with the higher tariff for a lower pipeline ca-
pacity of 330 MMcf/day (120 Bcfl/year)
throughput rate and the lower tariff for a
higher rate of 670 MMcf/day (245 Bcfl/year).
This is a first-cut analysis and is based on
preliminary design estimates made by EN-
STAR from their experience in building pipe-
lines in south-central Alaska. The tariff cal-
culation for the North Slope gas pipeline is
based on the Mid-American pipeline pro-
posal to the state of Alaska for a North
Slope pipeline to the Canadian border. The
actual delivered price for gas to South-
central Alaska would include the wellhead



price for gas on the North Slope. The well-
head price would likely be set by prices in
the Lower 48 less the tariff to Chicago city
gate or a negotiated price contract with the
owners of the gas, which includes the state
of Alaska and its royalty gas.

The spur pipeline tariff analysis indicates
North Slope gas may be delivered to south-
central Alaska at a structural price advan-
tage of approximately $1.00/Mcf below
Lower 48 prices. However, there must be
sufficient long-term demand to support the
investment in a spur gas pipeline. The cur-
rent industrial users have a capacity of 130
Bcf/year and the residential and commercial
consumers demand is about 70 Bcf/year.
Benefits of a spur pipeline include opportu-
nities to continue and possibly expand op-
erations at the existing LNG and fertilizer
plants, or add new energy-intensive value-
added industrial activities such as petro-
chemicals, ore processing, and other indus-
tries seeking lower cost energy than can be
obtained in the Lower 48.

A more detailed conceptual study of a spur
pipeline options, economics, and North
American gas markets is required to confirm
and refine the estimates made in this analy-
Sis.

The industrial operations must be able to be
profitable at prices higher than the histori-
cally low Cook Inlet prices. The prices will
be at North Slope wellhead price plus trans-
portation costs. Agrium’s operations are
very price sensitive and they have indicated
that they need gas at around $2.00/Mcf or
less to be competitive in the Asia fertilizer
markets. This price threshold seems
unlikely unless large gas discoveries are
made in the very near future, creating
stranded gas pricing again for Cook Inlet
gas, and driving the prices below the pre-
vailing prices being paid by non-industrial
users; i.e., the Cook Inlet Prevailing Value
published by the Alaska Department of
Revenue for first quarter 2004 is $2.49/Mcf.
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A potential downside to a spur pipeline,
from an exploration and production com-
pany point-of-view, is that a large supply of
gas from the North Slope at a structural
price below the Lower 48 prices may estab-
lish a price cap for new Cook Inlet reserves
in the 10- to 15-year time frame. This could
have a dampening effect on exploration and
development for new gas reserves in the
Cook Inlet. Hence, it is urgent that deci-
sions such as the date and timing for a
North Slope pipeline be made soon so that
all options for south-central Alaska region
can be determined in a timely manner so
that high-cost reactive solutions are not re-
quired to meet critical needs.

Income and Tax Revenue from Cook Inlet
Production

The income to the industry through
profits and the state and the federal gov-
ernment from taxes and royalties are esti-
mated to be: 53% to industry, 27% to the
federal government, and 20% to the state of
Alaska.

Coalbed Natural Gas

The potential coalbed natural gas resource
in south-central Alaska is estimated to be
about 7 Tcf of technically recoverable re-
sources. However, the economic viability of
those resources is highly uncertain because
sufficient data on gas and water productivity
does not exist and the political concerns are
very high. Economic projections can not be
made until additional information is avail-
able.

Recommendations

e The spur pipeline analysis is a first-cut
analysis and a detailed conceptual study
to better define the cost and other fac-
tors should be performed.

o The possible need in the near-term for
gas storage to meet seasonal demand
swings should be studied and the cost,
benefits, and problems with gas storage
and deliverability assessed.



The economics of the existing and po-
tential new industrial activities should be
analyzed to determine the impact of
global and Lower 48 gas markets on the
optimum mix of supply options to con-
tinue economic growth in Alaska to pro-
vide state of Alaska decision-makers
with essential information on cost and
benefits for all Alaskans.

All the analyses performed in this work
are deterministic and unrisked. A prob-
abilistic analysis that accounts for
above-ground and below-ground risks
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may provide useful additional insight
into the complex interactions of the op-
tions and economic benefits. The de-
terministic analysis provides the essen-
tial basic understanding of the market
forces, gas flow, and the unrisked po-
tential for additional gas resource. A
more detailed and complex analysis is
required to fully delineate the optimum
mix of supply and demand options.
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SOUTH-CENTRAL ALASKA NATURAL GAS SUPPLY STUDY

1. INTRODUCTION

The south-central Alaska region, shown on Figure 1.1, depends exclusively on natural

gas from the Cook Inlet basin for utilities and electric power generation. The region includes the

major population centers of
Anchorage, the Matanuska-
Susitna Valley, and the

Kenai Peninsula.

Natural gas demand
in the south-central Alaska
will exceed the remaining
proven natural gas reserves®
in Cook Inlet basin in less
than 10 years according to
recent Alaska Department of
Natural Resources remaining
reserves forecasts (ADNR,
2003, Dismukes et al., 2002)
unless additional supplies of
natural gas are developed
within the region or become
available from other regions
of the state or outside
sources. The purpose of this
investigation is to evaluate
the options for adding to the
supply of natural gas to meet
short, intermediate- and

long-term demands of the

Legend *
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Regional Overview

Figure 1.1. South-central Alaska region and Cook Inlet Basin
location map with gas fields and gas pipelines.

! Reserves are those quantities of oil or gas that are anticipated to be commercially recovered from

discovered (known) accumulations.



south-central region and support continued economic development. The primary options

include:

e Development of additional Cook Inlet natural gas resources?
e Gas from the North Slope via a spur pipeline to the region or from other basins in the

state.

The results of the investigation will provide policymakers and stakeholders with
information and data to make difficult and timely decisions on priorities that could have huge
economic impacts on residential and commercial consumers and industrial users. The analysis
is expected to provide state and local governments, citizens, power generation utilities, gas
distribution companies, and current and new operators with a overall picture of the current and
future natural gas supply and demand for the region and assist government agencies and
industry to begin the detailed analysis necessary to meet specific objectives for economic

stability and growth in the state.
1.1 Cook Inlet Basin - History

The Cook Inlet basin was explored for oil beginning in the 1950s and 1960s and the
Alaska Department of Natural Resources (ADNR), Division of Oil and Gas (DOG) reports a total
of about 1.5 billion barrels of oil (BBO) reserves were discovered (ADNR, 2003). Oil production
peaked in 1970 at 227,000 barrels per day (B/D). The production rate in 2002 was 30,915 B/D
and a total of 1,293 BBO had been produced by the end of 2002 with about 0.167 BBO of
remaining oil reserves (ADNR, 2003). About 8.0 trillion cubic feet (Tcf) of natural gas reserves
were also discovered by 1970 during the exploration for oil. This gas resource was stranded
because there was no pipeline to take it to large markets in the Lower 48. The abundance of
low-cost gas led to the development of industrial plants to produce liquefied natural gas (LNG)
and fertilizer (ammonia and urea) to monetize the large gas resource. The LNG and fertilizer
have been exported, mostly to East Asia, and all the LNG has gone to Japan under long-term
contracts. The two industrial facilities, located on the Kenai Peninsula at Nikiski, have provided

good jobs and economic benefit to Alaska for over three decades.

% Resources are undiscovered oil and gas accumulations believed to exist outside known fields or
accumulations based on geologic knowledge and theory. Undiscovered conventionally recoverable
resources are resources that could be recoverable using current conventional technology (resources
reduced by a percent recovery factor). Undiscovered conventional economically recoverable resources
are those resources that could be economically viable at specified price levels, if discovered.



In 1971, the gas consumed was about 167 billion cubic feet (Bcf), which was made up of
26.8 Bcf for power generation and utility use, 83 Bcf by the LNG and fertilizer facilities, and 57
Bcf used in field operations or other field-related uses. That use rate was a reserve-to-
production (R/P) ratio of 50, or a 50-year supply at a static use rate. By the early 1980’s the
annual use rate had increased to over 200 Bcf/yr and by the end of 2002 the reserves had
decreased to 2.032 Tcf for an R/P ratio of 10. The use in 2001 was made up of 67 Bcf for
power generation and utilities, 129 Bcf for industrial use for LNG and fertilizer, and 15 Bcf for
field operations and other. The gas consumption by user from 1971 through 2001 is shown in
Figure 1.2 (ADNR, 2003).2 The average consumption by user for 1996 through 2001 was 14.4%
for gas utilities, 16.4% for power generation, 36.3% for LNG, 24.7% for ammonia-urea, and
8.5% for field operations and other uses.

Cook Inlet Gas Consumption by Major Consumption Groups 1971-2003
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Figure 1.2. Historical gas consumption by major groups in south-central Alaska, 1971 to
2003 (Alaska Department of Natural Resources, 2003).°

® Data for 2002 and 2003 are not ADNR, 2003. Personal communication - Will Nebesky, ADNR Division
of Oil and Gas; forthcoming in 2004 Oil and Gas Report.



The most recent production forecast prepared by the ADNR Division of Oil and Gas for
the Cook Inlet basin is shown in Figure 1.3.* This production forecast and the current demand
indicates a shortfall in the near future unless there are additional supplies or a reduction in
demand. The demand from the power and utility consumers is expected to increase over time
as the population and commercial sectors grow. Hence, the supply of natural gas for the region
needs to be increased or the industrial usage will need to be reduced. The current LNG export
license expires at the end of the first quarter of 2009 and viability of continued operation is
uncertain. The fertilizer plant, owned by Agrium, has already reduced its usage from a capacity
of 52 Bcflyr to about 40 Bcf/yr in 2003 and has indicated that the plant may have to be shut
down by the end of 2005 (Anchorage Daily News (ADN) 2004a) unless there is a continued

supply of gas at prices low enough to allow it to continue to operate profitably.

Cook Inlet Historic and Projected Natural Gas Production
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Fiaure 1.3. Cook Inlet historic and proiected aas production from 1958 to 2022.4

Curtailing industrial use would have a negative impact on Alaska and especially on the

Kenai Borough as a result of the loss of jobs and the related negative economic impact on the

* ADNR Division of Oil and Gas, Alaska Oil & Gas Report, December 2003 has been updated and the
new forecast in included in Figure 1.3. Personal communication - Will Nebesky, ADNR Division of Oil and
Gas; forthcoming in 2004 Oil and Gas Report.



region. The alternative of increasing natural gas supplies at prices that allow continued
industrial use and growth in high value-added industrial activity is the most desirable solution.
Hence, a technical and economic evaluation of the alternatives to meet future natural gas

demand for south-central Alaska is the primary objective of this study.
1.2 Supply Options

The basic alternatives analyzed for increasing natural gas supply for the south-central
Alaska region include:

e Finding and development of additional Cook Inlet natural gas resources, and

e Construction of a spur gas pipeline to connect the south-central region with a gas

pipeline from the North Slope through Alaska and Canada to the Lower 48, or both.

In addition to increasing natural gas supply or curtailing industrial use, there are other
options that may be an important part of the overall solution that are not analyzed in this study.
They include:

e Conservation by residential and commercial consumers

¢ More efficient electric power generation

o Power generation using coal, wind, or hydropower

o (Gas-storage in existing depleted or near-depleted oil or gas fields

e Importing LNG from foreign sources through existing LNG export facilities at Nikiski.

Gas storage can contribute to management of short-term shortfalls during high-demand
periods but cannot provide a long-term solution to the declining reserves. It is expected to
become a critical part of the solution because the spare production capacity may no longer be
adequate to meet the high peak demand that frequently occurs in winter in Alaska. Importing
LNG into Alaska would provide an unlimited source of gas from foreign sources. Imported LNG
price would be determined by world LNG trade and investment would be required to convert

facilities from export to import. This is not a solution that will be viewed favorably in Alaska.
1.3 Scope and Approach

Section 2 contains a geological assessment of the Cook Inlet basin. It includes a

description of the geological framework of the basin, discusses the aspects of the petroleum



geology of the area, and examines the magnitude of the present and potential new gas
reserves. The discussion of potential new reserves includes:
e Increasing reserves through additional development in and around the known
conventional non-associated gas fields
e The potential for discovery of new conventional gas fields in the Cook Inlet basin
e An overview of coalbed natural gas or coalbed methane (CBM) potential
e An overview of adjacent regions in southern Alaska; i.e., the Copper River basin to
the east of the Cook Inlet Basin and the Bristol Bay basin to the west (see insert in
Figure 1.1)
e Constraints on reserves additions and new discoveries such as:
— Land areas off limits to exploration
— Inadequate use and cost of 3-D seismic acquisition
— Cost-effective 3-D seismic interpretation technology to locate stratigraphic
traps
— No Alaska-based drill ships for offshore exploration

— Expense of long-reach directional drilling.

The emphasis throughout the report is on conventional non-associated gas fields.

Section 3 contains a review of remaining reserves and estimated ultimate recovery for
the Beaver Creek Unit, Beluga River Unit, Kenai River Unit, McArthur River Unit, North Cook
Inlet Unit, Swanson River Undefined Gas Zone, and the two new discoveries at Ninilchik and
Happy Valley on the Kenai Peninsula. The ADNR (2003) forecast for the small fields, labeled
“All Others,” is used in the analysis. The review relies on publicly available production and
pressure survey data from the Alaska Oil and Gas Conservation Commission (AOGCC), the
ADNR Division of Oil and Gas, and published information from news announcements by
operators. The status of coalbed natural gas development is described and the high level of

uncertainty surrounding this potential resource is discussed.

Section 4 describes economic analyses that include:

¢ Production of current reserves from existing producing fields in the Cook Inlet basin

o Development of additional reserves in known fields in the Cook Inlet basin



e Successful exploration for new fields in the Cook Inlet basin

¢ Minimum economic field size estimates for offshore, tidal zone, and onshore
locations, all of which have different cost structure

e Comparison of Cook Inlet supply, demand, and market dynamics

¢ Analysis of the economics of a spur pipeline to bring North Slope gas to the south-
central Alaska region

¢ The investment required to develop additional reserves in known fields and finding
and developing new reserves

e (Gas cost versus supply curves for current and future time periods

o Estimates of income to the state of Alaska, the federal government, and industry for

the various cases.

The potential impacts and interactions the various scenarios will have on future supply
and economics are discussed. The economic models, costs estimates, sensitivities to the
economic variables, and state of Alaska and federal benefits from the Cook Inlet gas production

are described.

Limitations

An investigation of this type has several constraints placed on it by time, resources, and

availability of data. Limitations specific to this project include:

e The geological and engineering assessment is limited to an evaluation of the publicly
available data primarily from ADNR, AOGCC, and from industry public
announcements and interviews with industry representatives.

e A detailed and exacting well-by-well analysis that an operator would perform to justify
the funding necessary to drill wells, perform workovers, and explore for new reserves
is beyond the scope of this study.

e The economic evaluations are deterministic and do not include an evaluation of risk.
A Monte Carlo analysis for variations in reservoir parameters, production rates,
costs, and prices on the economics would be required to evaluate risk — above-
ground as well as below-ground risks. Detailed data needed for such an analysis are
not readily available in the public domain and would require significant additional

work to collect.



o The economics of the existing or potential new industrial facilities and their sensitivity
to gas feed stock prices are not analyzed.

e An economic analysis of the coalbed natural gas potential for the Cook Inlet region
was determined to be impractical at this time beyond a general estimate of the

resource size and potential technically recoverable resources.
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2. GEOLOGICAL ASPECTS OF COOK INLET HYDROCARBON
PROVINCE

This chapter addresses the geological framework of the Cook Inlet Basin, discusses the
aspects of the petroleum geology of the area, and examines the magnitude of the present

reserves and potential resources in the area.

2.1 Introduction

Production from the Cook Inlet Basin is the sole source of natural gas used for
commercial and residential purposes in south-central Alaska. The Cook Inlet Basin is part of a
larger forearc basin that lies between the Aleutian Trench and the active volcanic arc on the
Alaska Peninsula. The aspects of the basin’s geology and hydrocarbon system are essential to

the understanding of the current and future resource.

The Cook Inlet Basin is a northeast-trending topographic depression approximately 250
miles (400 km) long and 60 miles (97 km) wide. The basin covers some 15,000 square miles
(38,850 sq. km), with almost half lying offshore under the waters of Cook Inlet (Hite and
Nakayama, 1980). The basin is largely bounded by the Bruin Bay Fault on the west and the

Border Ranges Fault Zone on the east (Figure 2.1).

Many of the critical data regarding reserves and field characteristics are available only
from state agencies such as the AOGCC and ADNR Division of Oil and Gas. To a lesser extent
the Division of Geological and Geophysical Surveys (DGGS) and industry have provided data in

the public domain that are important to a successful evaluation and understanding of the basin.

While the current production and exploration efforts are largely confined to the upper
Cook Inlet subbasin with minor emphasis on the lower inlet and the Susitna Basin (Figure 1.1),
areas such as the Copper River Basin, Bristol Bay, and even the Nenana Basin, may have
some potential for providing gas to the area in the future (Figure 1.1). The timing for
development of these potential resources is probably too far into the future to significantly

influence the findings of this study.
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Coalbed natural gas may have future potential, due to the vast quantities of coal in the
basin. Exploration drilling and testing has occurred in the Houston area with leasing in the
Matanuska and Susitna valleys. The Beluga coalfield, on the west side of the upper inlet also

has potential for coalbed natural gas, but there is no activity in that area at present.
2.2 Geological Framework

The Cook Inlet Basin lies between the Alaska Range on the west and the Kenai Range
(Figure 1.1) on the east. The Cook Inlet Basin is an elongate northeast-southwest trending
forearc basin with its margins largely defined by major faults. On the west, the Bruin Bay Fault

separates the volcanic arc

from the basin and, on the

east, the Border Ranges COOI( I n Iet é{@'
Fault Zone juxtaposes the R v}‘b- QQG
accretionary prism of the ; Q@

Chugiak Terrane and the
forearc basin (Figure 2.1)
(Swenson, 1997). The
Castle Mountain Fault
provides the northern limit to
the basin and forms the
boundary between the Cook
Inlet Basin and the Susitna
Basin and Talkeetna
Mountains (Figure 1.1). The
Augustine-Seldovia Arch

separates the basin into two

depocenters: a northern (_/‘““xT
depocenter in upper Cook e Istand = <> Canada
P PP e A : { > t‘? Alaska ‘i
Inlet with as much as 25,000 i . g
' |
feet of Tertiary section and a : &y, Pl ..

Southern depocenter in IOWGr 1997 Guide to the Geology of the Kenai Peninsula, Alaska i

Alaska Geological Society, 1997
Cook Inlet and Shelikof Strait Figure 2.1. Present day Cook Inlet Basin morphology and
(Figure 1.1) that contains a regional tectonic boundaries.
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thin Tertiary section that unconformably overlies up to 36,000 feet of Mesozoic strata (MMS,
2003a).

The principal focus of this study is the upper Cook Inlet subbasin, from the Augustine-
Seldovia Arch in the south to the Castle Mountain Fault in the north. Figure 2.1 is the location
map for the Cook Inlet area. One hundred percent of the current conventional gas exploration
and production is focused in this area of approximately 9,000 square miles (23,300 sq. km).
Additional areas of note are the Susitna Basin, located north of the Castle Mountain Fault, and

the lower Cook Inlet subbasin lying south of the Augustine-Seldovia Arch (Figure 2.1).
2.2.1 Tectonics and Structure

In the Cook Inlet region, the onset of active tectonism began in the Late Triassic and is
recorded by the shift from the tectonically quiescent regime responsible for the shelf carbonates
of the Kamishak Formation to the volcaniclastic Talkeetna Formation (Figure 2.2). Subsequent
Mesozoic and Cenozoic sediments reflect the tectonically active character of the basin and
indicate repeated episodes of uplift, deformation, and erosion. Figure 2.2 (Curry, et. al., 1993
and Figure 2 of Swenson, 1997) briefly summarizes the most significant of these events.
Sedimentation throughout the remainder of the Mesozoic and the Cenozoic took place in a

foreland/forearc basin setting (Swenson, 1997).

The dominantly marine stratigraphy of the Mesozoic was deformed and eroded at the
close of the Cretaceous and forms the present-day “economic basement” for Cook Inlet oil and
gas exploration. Throughout the Tertiary, the Cook Inlet area was the site of non-marine
deposition. Sediment was shed from the tectonically active eastern and western margins of the
basin (Hite, 1976).

The repeated uplift and erosion, related to movements along the basin-margin faults and
driven by subduction of the Kula Plate, resulted in minor structural growth throughout the
Tertiary. This tectonic and depositional regime persisted until the end of the Pliocene when the
latest phase of deformation resulted in north-northeast trending, generally tight asymmetric
anticlines which are the traps for most of the currently developed oil and gas accumulations in

the Cook Inlet Basin.
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2.2.2 Stratigraphy

The basin is comprised of an older deep marine to non-marine Mesozoic section, which

is largely sourced from the volcanic/plutonic complex along the west/northwest side of the

modern-day basin, and a younger marine to marginal marine Late Cretaceous and non-marine

Tertiary section with dual sources. The Tertiary rocks were derived from both the volcanic arc

to the west/northwest and
the accretionary terrane to
the east/southeast. Figure
2.2 provides a generalized
stratigraphic column and
correlation chart for Cook

Inlet.

2.2.2.1 Mesozoic
Stratigraphy

The Mesozoic
succession has been
penetrated by the OCS wells
in lower Cook Inlet and the
deeper wells in upper Cook
Inlet. It was one of the
primary objectives during the
initial exploration efforts in
the 1950s and early 1960s
and the target of the OCS
exploration programs in the
1980s. The Mesozoic
section ranges from Late
Triassic shelfal reef

carbonates of the Kamishak
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Figure 2.2. Cook Inlet Basin, Alaska.
Tectonostratigraphic Correlation Chart, From Curry, et al.
1993, “1997 Guide to the Geology of the Kenai Peninsula
Alaska,” Alaska Geological Society, 1997.)

Formation and equivalent rocks at Puale Bay to the deep water facies of the Late Cretaceous
Kaguyak and Matanuska formations (Figure 2.2). This succession contains important oil-prone

source rocks and poor-quality reservoirs. The Mesozoic section predominates in the lower
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Cook Inlet subbasin where there is only a thin early (?) Paleogene section. In upper Cook Inlet,

the Tertiary section locally exceeds 25,000 feet in thickness.

2.2.2.2 Tertiary Stratigraphy

The Tertiary section is thickest in the north-central portion of the basin and thins rapidly

toward the fault-bounded margins in the east and west as well as toward the Augustine-

Seldovia Arch in the south. The nomenclature and stratigraphy of the Tertiary section are

depicted in Figure 2.3 (Swenson, 1997, Figure 5).

In 1892, Dall and
Harris identified the Tertiary
section in upper Cook Inlet
and applied the term “Kenai
Group” to this thick
assemblage of non-marine
strata. The Kenai Group
was subsequently
subdivided into five
formations (Parkinson, 1962
and Calderwood, and
Fackler, 1972), all of non-
marine origin. Figure 2.3
shows these units, which in
ascending order are the
West Foreland, Hemlock
Conglomerate, Tyonek,
Beluga, and Sterling
Formations. These
formations do not have a
simple layer-cake
stratigraphy, rather many of
the units are time

transgressive, laterally

Cook Inlet Tertiary Stratigraphy
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Figure 2.3. Generalized Cook Inlet Tertiary Stratigraphy.
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correlative facies, representing a variety of non-marine, tectonically influenced fluvial, alluvial

fan, lacustrine, and paludal environments.

Unnamed unit--The unnamed unit of Figure 2.3 is basically a space-holder
intended to represent the oldest Tertiary sediments, largely pre-West Foreland Formation, found
within the basin. Four formations of Paleocene/Eocene age outcrop in the Matanuska Valley.
These rocks are also non-marine facies and have been assigned to the Tsdaka, Wishbone,
Chickaloon, and Arkose Ridge Formations. The lateral extent of these units is areally restricted
and the distribution of Paleocene strata in the subsurface is limited (Magoon, and Claypool,
1979).

West Foreland Formation--The Eocene/Oligocene West Foreland Formation is
a tuffaceous, siltstone-claystone containing minor conglomeratic sandstones and
conglomerates. It is the basal Tertiary unit throughout most of the basin. The formation has a
maximum known thickness of 890 feet on the west side of the basin but is believed to range
from 0 to 1,600 feet (Hite, 1976). The West Foreland Formation and the Hemlock
Conglomerate are difficult to distinguish on logs. The volcanic-lithic and heavy mineral content
are the primary distinguishing characteristics. The unit has generally poor reservoir quality but

locally is an oil reservoir.

Hemlock Conglomerate--The Oligocene Hemlock Conglomerate overlies the
West Foreland formation and is in part laterally equivalent to the West Foreland and Tyonek
formations. The formation is 570 feet thick in the Richfield Oil Corporation Swanson River Unit
No. 1 (34-10) and thickens to approximately 750 feet in the Middle Ground Shoal area (Hite,
1976). The total thickness range is of the order of O to 900 feet. The dominant lithologies are
fine- to coarse-grained sandstones, conglomeratic sandstones, and conglomerates. The finer
facies consist of siltstones with local coalbeds. Because of the more compositionally mature
nature of the sandstones and conglomerates the Hemlock has good reservoir quality and is the

most important oil reservoir in the basin.

Tyonek Formation--The Oligocene and Miocene Tyonek Formation is locally
unconformable on older units, but throughout most of the basin the contact with the underlying
Hemlock is gradational or intertonguing. The thickness at the type section is 7,650 feet and

ranges from 0 to 9,000 feet. Stratigraphically the base of the Tyonek (top of the Hemlock) is
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placed at the top of the last occurrence of thick coarse sandstone and conglomerate with a
general lack of coal. Lithologically the Tyonek is similar to the overlying Beluga Formation and
consists of massively bedded sandstones and thick coal beds with siltstone and mudstone
interbeds. The Tyonek coals are higher quality than those in the Beluga (sub-bituminous to
bituminous) and more regionally continuous. The Tyonek sandstones are reservoirs for both oll

and gas.

Beluga Formation--The Miocene Beluga Formation is gradational upon and
locally equivalent with the Tyonek Formation. At the type locality, it is 4,150 feet thick and
ranges from 0 to 6,000 feet, being thickest in the vicinity of the Beluga River and East
Forelands, with zero-edges along the east and west margins of the basin resulting from pre-
Sterling uplift and erosion (Hartman, Pessel, and McGee, 1972). The Beluga Formation is
composed predominantly of siltstone with common channelized sandstones, thin coals and
tuffs. In contrast to the Tyonek, the Beluga coals are generally thin (< 5’), lignitic to sub-lignitic,
and regionally discontinuous (Swenson, 1997). The base of the Beluga is difficult to identify on
logs and is generally placed at the top of the last thick coal (> 10) in the Tyonek. The channel

sands of the upper Beluga are significant gas reservoirs in the basin.

Sterling Formation--The Miocene/Pliocene Sterling Formation is at least locally
unconformable upon the Beluga and older formations. In the central portions of the basin, it
may be conformable and gradational with the Beluga. The type section is 4,490 feet thick and
basinwide the thickness ranges from zero along the basin margins to nearly 11,000 feet in the
vicinity of East Forelands. The formation consists of a thick sequence of massive sandstones
and conglomeratic sandstones with interbedded mudstones/siltstones and thin coals. The
Beluga-Sterling contact is picked at the stratigraphically last occurrence of abundant coals and
the first development of thick sandstones. The sandstones are commonly stacked fluvial

channels and where adequate seals are developed to provide excellent gas reservoirs.
2.3 Petroleum Geology

The Cook Inlet Basin and adjacent areas have been considered prospective for oil and
gas since the early part of the 20" century. Oil seeps along the Cook Inlet side of the Alaska
Peninsula have been known since the arrival of the earliest explorers and settlers. Exploration
started on the Iniskin Peninsula in 1902, where seven wells were drilled (Magoon, 1994). The

earliest exploration targets were Mesozoic reservoirs, because the oil seeps are commonly from
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Mesozoic rocks. An additional nine exploratory wells were drilled between 1921 and 1957 prior

to the discovery of the Swanson River olil field.

The first active exploration programs in upper Cook Inlet commenced in 1955 and led to
the 1957 discovery of the Swanson River oil field by Richfield Oil Corporation. The Swanson
River discovery well was drilled as a Mesozoic play and the lower Tertiary oil-bearing reservoirs
were encountered while drilling to that deeper objective. The first major gas field, the Kenai gas
field, was discovered by Union Qil Co. in 1959 and was originally drilled as an oil prospect. This
has been the case for virtually all gas discoveries in the basin. The exploration objective was oil
not gas. Only in the last few years has there been a concerted effort to explore for gas on its
own merit. Since the beginnings of serious exploration, in 1955, there have been 11 oil

discoveries and 28 gas discoveries of note.

Table 2.1 indicates the intensity of exploration activity and the relative success of the
exploration program in Cook Inlet area over the 48 years from 1955 to 2003. Wells drilled prior
to 1955 on the Alaska Peninsula are included with the 1955 to 1960 interval. Commonwealth
North (2001) constructed a similar table with somewhat different numbers of wells and success
rates per 5-year interval, but approximately the same number of wells and fields through the
year 2000. The AOGCC reports a number of CBM wells that are also excluded from these
figures. Care must be taken when referencing specific values for the total volume of gas found
(Table 2.1). These volumes tend to vary from source to source but are relatively consistent and
range from about 8,150 to 8,700 Bcf for the estimated ultimately recoverable gas. These

numbers will be addressed in more detail later.

Table 2.1. Oil and gas exploration wells and gas field discoveries in Cook Inlet, 1955 to 2003.

Time period Number of Number of Success ratio (%) Estimated ultimate
exploratory gas fields recovery (Bcf)
wells drilled discovered

1955-60 17 5 29.4 2,603.50
1961-65 42 9 21.4 3,575.23
1966-70 85 6 7.1 1,814.86
1971-75 29 1 3.4 10.86
1976-80 14 1 7.1 8.19
1981-85 13 0 0.0 0.00
1986-90 5 0 0.0 0.00
1991-95 11 2 18.2 139.78
1996-00 10 3 30.0 151.72
2001-03 14 1 7.1 100.00(?)
TOTAL 240 28 11.7 8,404.14
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The 240 wells reported to date include wells drilled west of the basin on the Alaska
Peninsula and in the southern portion of the Susitna Basin. Only 220 of the reported exploration

wells are from the upper Cook Inlet subbasin as defined above. Figure 2.4 is a map depicting

the locations of the exploration — L
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the basin and was a by-product

of oil exploration. The aggressive exploration phase ended in the late 1960s, coincident with
the discovery of Prudhoe Bay on the North Slope. Since then, only a modest exploration effort
has been put forth by the industry and most of this was directed to the quest for oil. The gas-
first exploration began in the late 1990s. At least two discoveries have been made since 2000,
and they reflect the new focus on gas. Of the 10 largest Cook Inlet gas fields, only the Cannery

Loop field (smallest of the 10) was found while specifically exploring for gas (Irwin, 2003).
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Although the fields were discovered in the timeframe indicated by Table 2.1 and Table
2.2, the magnitude of the reserves associated with the fields was not recognized at the time of
discovery. There has been significant increase in the recognized volume of gas reserves
(reserve growth) through more complete evaluation and development of the existing fields. As
stated in U.S Department of Energy (DOE)/FE Opinion and Order No. 1473 (DOE, 1999),
“Without any significant exploration activities in Cook Inlet since 1980, reserves have
nonetheless continued to increase through reserve growth in existing fields.” This is
demonstrated by comparing the proved reserves of 3,544 Bcf at the beginning of 1980 with
6,730 Bcf, which is the total proved reserves (3,066 Bcf) on January 1, 1998, plus cumulative
production through 1997 (3,664 Bcf). This comparison shows an increase of over 3 Tcf of
proved reserves through reserve growth in 17 years and confirms that reserve growth in Cook
Inlet mirrors the historical trend in reserve growth seen in other basins” (DOE, 1999). Quite
possibly, additional reserve growth will be recognized in the existing and newly discovered
accumulations. Past and future reserve growth has been and will be accomplished by the use
of secondary and tertiary recovery technigues, seismic acquisition and reprocessing, and drilling

infill and extension wells.

The objectives of this study are to evaluate the supply/demand relationships of natural
gas in south-central Alaska and any additional discussion of oil fields, production, and reserves
will be the minimum necessary to provide the proper perspective of basin’s hydrocarbon
potential and distribution. The bulk of this portion of the section is intended as an overview of
the hydrocarbon systems operating in Cook Inlet and adjacent areas. The focus is on source,
reservoir, and trap. Timing issues are beyond the scope of this treatment and not as critical

when considering biogenic gas as they are when dealing with thermogenic hydrocarbons.
2.3.1 Hydrocarbon Sources

Hydrocarbons in the Cook Inlet Basin have been derived from two distinct and mutually
exclusive sources. Figure 2.5 (MMS, 2003a) shows the oil and gas reservoir and source rock
intervals in Cook Inlet. Oil production is from the West Foreland through the Middle Ground
Shoal Member of the Tyonek Formation and gas is produced from the Tyonek through lower
Sterling formations. The oil and associated gas in the lower portions of the Kenai Group are of
thermogenic origin and the non-associated gas of the upper parts of the Kenai Group is of
biogenic origin. Non-associated biogenic gas is by far the most important component of the

natural gas reserve base in Cook Inlet. The biogenic non-associated gas accounts for 94% of
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the gas reserves in Cook Inlet (Claypool, Threlkeld, and Magoon, 1980) and approximately 92%

of the production to date.

2.3.1.1 Oil and Associated Gas

The oil and = : _

) ) Era|Per| Epoch [Ma Formation Lith. | Petroleum Potential
associated gas in the early Pliocene Stering SR R T—
Tertiary sandstones and Dry Gas

Y O Miocene Beluga Sourced From
conglomerates are of O g Coal Beds In

B = T K Upper Teriary
thermogenic origin and =| o L
_ _ O . >1.3BB O
constitute the Tuxedni- QOlig. Rerricck B sourced From
Eocene e Middle Jurassic
West Foreland SR
Hemlock petroleum system Paleo. | 4 oA 5 -
ood Reservoir
(Magoon, 1994). The wf g T - , Rock Potential
@] :
source for the upper Cook 9 | Late Kaguyak i
. . i8] S
Inlet oil and associated gas O P
& e ; i
. . . 99 e R Fair Reservolr
is the Chuitna Formation of Early g pHerENdRN =TT Rock Potantial
the Middle Jurassic i
. . heamsd Poor Reservoir
Tuxedni Group (Figure N Late Naknek Ly Mok Rkt
Y oo Due to Zeolite
2.5). In the lower Cook Q o Wikrliien
. BT e T e N W N N '.1.@.0"_‘.
Inlet the oil has been % Lo B o st ]
. . = |8
thermogenically derived & —
o adie ; Qil-Prone
. , : Tuxedni G
from the Middle Jurassic = Hean e Source Rocks
Tuxedni Group and the .
1 i i
Upper Triassic “shales of
Puale Bay” (Magoon, Early Talkeetna
Molenaar, Bruns, Fisher,
: | 206 Oil-Prone
and Valln, 1996 and ,E Late Karmishak Source Rocks
. )
Minerals Management Aa et aacal

_ _ EXPLANATION )

Service, 2003a). The [ sitstone — —
timing of the initiation of oil Z=2=2-] shale %B%5%e conglomerate [l Volcanics
generation is questionable L] Sondstone

and has been variously

stated as commencing as

Figure 2.5. Cook Inlet Basin, Alaska - Stratigraphic column —
oil and gas reservoir intervals.

early as the Eocene and continuing into the Pliocene (Magoon, Molenaar, Bruns, Fisher, and

Valin, 1996) or within the last five million years and continuing to the present (Magoon, 1994).
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2.3.1.2 Non-Associated Gas

The shallow, non-associated gas reservoired in the Sterling, Beluga, and upper Tyonek
formations is of biogenic origin and is attributed to the existence of the Beluga-Sterling
petroleum system (Magoon, 1994). The shallow portion of the stratigraphic section is thermally
immature. The source for this gas appears to be the non-marine organic-rich facies of the
Beluga Formation and to a lesser extent the Sterling and Tyonek formations (Figure 2.5).

These units have considerable coal and type-lll kerogen. Most of the coal and type-IIl kerogen
are below the primary gas-producing interval of the lower Sterling and thus in good position to
charge the Sterling and Beluga reservoirs. Because this system requires no overburden to
mature the source rocks, the duration time is short — from late Miocene to Holocene, or about 12

million years (Magoon and Egbert, 1986).
2.3.2 Reservoirs

Producing reservoirs in the Cook Inlet Basin are non-marine sandstones and
conglomerates of the Tertiary Kenai Group. While the Mesozoic section supplies large volumes
of source rock and has generated significant quantities of oil and associated gas, the associated
Jurassic reservoirs are of poor quality, largely due to pervasive zeolite cementation (Franks, and
Hite, 1980). Limited intervals of good porosity and permeability have been noted in Cretaceous
clastic intervals but no hydrocarbons have been commercially produced from these zones.
Lower Cook Inlet wells, drilled in federal waters during the early 1980s, did encounter small

guantities of oil in Upper Cretaceous sandstones but not in economic volumes (MMS, 2003a).

The lower Tertiary sandstones and conglomerates of the West Foreland, Hemlock, and
Tyonek are the reservoirs of the upper Cook Inlet oil fields (Figure 2.5). They also are the
reservoirs for the majority of the thermogenic gas. Some percentage of the thermogenic gas
has migrated into shallower, upper Tertiary reservoirs where it is produced with the biogenic gas
of the Tyonek, Beluga, and Sterling gas fields. These lower Tertiary reservoirs are fluvial,
alluvial fan, and related non-marine deposits. Most of the individual depositional packages have
relatively limited lateral extent, but are frequently stacked or overlap to the extent that these
reservoirs have semi-regional to regional distribution. The stacking is especially effective along
the basin margins where repeated movement along the basin-margin faults provided long-term

supply of coarse clastic detritus to the basin.
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By far the greatest volumes of natural gas are found in reservoirs of the Sterling, Beluga,
and upper Tyonek formations (Figure 2.5). This is biogenic gas, generated essentially insitu,
and some amount of migrated thermogenic gas. The reservoir facies of these formations are
much the same as those in the lower Kenai oil-producing section, but the proportions are
different with the axial fluvial facies being the predominate reservoir. There is a general
tendency throughout the Kenai Group for the ratio of alluvial fan/fluvial channel to decrease
through time. Thus, the reservoirs tend to become more restricted areally over time and
stratigraphic plays/traps become potentially more significant. Stratigraphic traps may present
an important upside potential for gas in the Cook Inlet. In order of decreasing importance, the

gas-bearing units are the Sterling, Beluga, and Tyonek.

Reservoir characteristics/parameters are generally good to excellent but vary over
considerable ranges. Data from the AOGCC 2002 Annual Report provide some indication of
the magnitude of this variability (AOGCC, 2003b). Net pay, porosity, permeability and water

saturation values are presented in that report for a number of the Cook Inlet gas fields.

Based on data from 22 fields, net pay, presented by formation, ranges from 15 to 461
feet and on a field basis from 15 to 764 feet (Table 2.2). Porosity data from 18 fields ranges
from 10 to 33% and averages 23% (Alaska Oil and Gas Conservation Commission, 2003b).
Permeability is available for 15 fields and ranges from 0.1 to 2000 md and averages 333 md
(AOGCC, 2003b). Water saturation data are available from 19 gas fields (AOGCC, 2003b).

The water saturation levels range from a low of 25 to a high of 57% and average 42%.

Fragmentary information regarding gas recovery factors is available from a number of
sources. The Sproule report (1998) provides estimated and calculated recovery factors for 18
fields. The range is from a low of 85% for the McArthur River field to a high of 95% for the
Cannery Loop, Beluga River, and Ivan River fields. The other 14 are given 90% recovery
factors. There are calculated factors for only the McArthur River, Kenai, and North Cook Inlet
fields. The other 15 recovery factors are estimates, and their reliability is unknown.
Representatives of the DOG suggested that an average recovery factor of 85% would be
representative. Thus, a value of the reciprocal of 0.85 (1.176) was used to calculate OGIP

throughout this report.
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Table 2.2. Compilation of data for Cook Inlet gas fields — plus general reservoir information.

Gas field Discovery | Production Producing Effective Net Area
Date Intervals Depth (ss) | pay | (acres)
Albert Kaloa Jan., 1968 1970-971 Tyonek ?? ?? ??
Beaver Creek Feb., 1967 1972-Present Sterling -5,000’ 110’ ~1,300
Beluga -8,100’ 50’
Tyonek -9,874' 45’
Beluga River Dec., 1962 1963-Present Sterling -3,300° 107’ ~4,500
Beluga -4,000’ 106’
Birch Hill June, 1965 1965-1965 Tyonek -7,960° 31 ~ 500
Cannery Loop Oct., 1959 1988-Present Sterling -4,965’ 76’ ??
Beluga -5,175 33
U. Tyonek -8,700’ 17
L. Tyonek -10,000’ 35
Falls Creek/ June, 1961 | 1966-1966/2003 Tyonek -7,045’ ?? | =900+
Ninilchik
Granite Point June, 1993 1967-Present Tyonek -4,088’ 135 ??
Happy Valley April, 2003 2004 (?) Tyonek -6,000’ 110’ ??
(Or deeper)
Ivan River Oct., 1966 1990-Present Tyonek -4,088’ 37 ~1,000
Kenai Oct., 1959 1961-Present Sterling -3,700° 461’ | =14,000
Beluga -4,900’ 213’
Tyonek -9,000’ 100’
Lewis River Sep., 1975 1984-Present Buluga -4,700° 85’ ~ 400
Lone Creek Oct., 1998 2003 ?? ?? ?? ??
McArthur River | Dec., 1968 1967-Present Tyonek -4,500° 375’ ~2,500
Middle Ground | Feb., 1962 1966-Present Tyonek -3,5650' 31 ??
Shoal
Moquawkie Nov., 1965 1967-1970 & Tyonek ?? 45- ??
2003 108’
Nicolai Creek May, 1966 1968-1977 & Tyonek -1,924' 284’ | =~7,0007?
2001-Present
North Cook Aug., 1962 1969-Present Sterling -4,200° 350° ~8,000
Inlet Beluga -5,100’ 160’
North Fork Dec., 1965 1966-1966 & Tyonek -7,200° 40’ ??
2003 (?)
North Trading Nov.,1964 1968-2000 Sterling/ ?? 24 ??
Bay Beluga
Pretty Creek Feb., 1979 1986-Present Beluga -3,864’ 60’ ~ 300+
Sterling Aug., 1961 1962-Present Sterling -5,030’ 25 ~2,000
Beluga -8,104’ 100’
Tyonek -9,449’ 55’
Stump Lake May, 1960 1990-Present Beluga -6,740° 91 ~1,000
Swanson River | May, 1960 1958-Present Sterling -2,870' ?? ??
Trading Bay Oct., 1968 1967-Present Tyonek -9,000’ 250’ ??
West Foreland | Mar., 1962 Tyonek -4,250' 15’ ?7?
West Fork Sept., 1960 1978-1985 & Sterling -4,700° 22’ ??
1991-1995
West Mcarthur | Dec., 1991 1993-Present Tyonek ?? ?? ??
River
Wolf Lake Oct., 1998 2001-Present Tyonek -6,749’ 28’ ??
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Table 2.3 shows the range in reservoir parameters (porosity, permeability, and water
saturation) by formation. The data are not complete and the Sterling is underrepresented by the
sample data; however, the data tend to demonstrate the superior reservoir characteristics of the
Sterling Formation. It has higher average porosities and permeabilities and lower water
saturations. A more comprehensive sampling of the three reservoir intervals would be
necessary to fully characterize the units. The data are sufficient to provide a workable range of

anticipated values that may be useful to model potential new fields.

Table 2.3. Reservoir parameters by productive horizon. (AOGCC, 2003a)

Productive Horizon Porosity (%) Perm. (md) Water Sat. (%)

Range ------ avg. Range ------- avg. Range ------ avg.

Sterling Formation 10 to 33 ------- 28 125 to 2000---579 35t0 50 -- 39.5
(n=8) (n=6) (n=13)

Beluga Formation 10 to 28 ------- 21.7 0.1 to 300 ------ 75 40-45 ----- 43.7
(n=6) (n=5) (n=6)

Tyonek Formation 12 to 29 ----- 20.7 0.25 to 1600—-312 25t057 ----43.2
(n=12) (n=9) (n=14)

2.3.3 Traps

Only one trap type has been tested by exploration drilling in the Cook Inlet — the
structural trap. The large, often highly faulted, asymmetrical anticlines have been the primary
exploration targets since the onset of exploration. The first generation of exploration evaluated
the largest and seismically most obvious structures. Exploration drilling and better seismic data
quality reveal that faulting has created multiple possible traps on a single structure, not all of

which are found to have trapped oil or gas.

To be effective traps, adequate seals must exist and in the case of oil and associated
gas a conduit to the oil-generation kitchen must exist. This has been assumed to require either
direct migration across the pre-Cenozoic unconformity or migration of oil and associated gas
along open faults from the Mesozoic source rocks into the traps. This relationship is not
required to charge traps with the Tertiary biogenic gas. Faulting of the large structures may
have isolated fault blocks from these conduits and prevented charging. Alternatively, there may
be a large component of stratigraphic trapping even on the most well-developed structures. At
this point in the exploration of the basin, most if not all known accumulations have been

attributed to structural trapping.

25



Because of the nature and distribution of the reservoirs in the basin, there must be a
large number of stratigraphic trapping opportunities. No concerted effort has been made to
pursue stratigraphic traps as exploration targets. Fluvial channels and to a lesser extent other
non-marine facies should provide good-to-excellent stratigraphic traps, especially in the
younger, biogenic gas-prone portions of the section where these facies are interbedded with the
coals and type-lll kerogen bearing mudstones. Additional stratigraphic traps may be associated
with many of the internal unconformities resulting from repeated uplift and erosion of the basin
margins due to faulting. These features may provide the basis for significant future reserve
additions providing significant economic incentive exists to explore for and develop these

accumulations.

The presence of the large anticlinal and fault structures and the stratigraphic trapping
potential yield favorable conditions for combination traps. There has been little recognition of
the role these traps may have in known and undiscovered gas accumulations. Careful mapping
of individual pays, in several of the large fields, reveals that the stratigraphic trapping
component is critical to the existence or at least the size of some accumulations. Individual
gas/water or oil/water contacts plus the geometry and distribution of the pay demonstrate the

stratigraphic nature of these traps.

The questions of seal and seal integrity are of little consequence in the older more
deeply buried portion of the section, but may be important considerations in the development
and preservation of traps in the shallow reservoirs of the uppermost Beluga and the Sterling.
Due to insufficient compaction, seals may not be effective at burial depths of less than 3,000
feet. At depths of 3,000 feet and perhaps slightly deeper, there is a good chance that the seals
are leaky. Few of the shallow gas reservoirs are filled to the spill point and this may be a result
of poor seal integrity or weakness rather than insufficient volumes of gas to fill the trap to the

spill point.
2.3.4 Cook Inlet Basin Field Example

Few studies have been published on the Cook Inlet Basin oil and gas fields (Figure 2.6).
The only readily available data known to this author are from the Kenai gas field (Brimberry,
Gardner, McCullough, and Trudell, 1997). To provide a realistic perspective, a brief summary of

this field, the largest gas field in Cook Inlet, will set the stage for following discussions.
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This field produces
from virtually all the
important gas-bearing units
in the basin — the Sterling,
the Beluga, and both the
upper and deep Tyonek
(Table 2.2).

anticlinal feature, and the

Itis a large

gas is 99% methane, 0.5%
nitrogen, and 0.2% carbon
dioxide. The remaining
0.3% of the gas is not
specified. The high
methane content and
isotope markers indicate
that the gas is of biogenic
origin. The trap is a large
simple anticline, which
extends more than 10
miles north-south and four
miles east-west. The only
significant fault is a normal
fault that separates the
Kenai field from the
Cannery Loop field to the
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Figure 2.6. Cook Inlet Basin, Alaska, Oil and Gas Fields.

north (Brimberry, Gardner, McCullough, and Trudell, 1997).

At the time of publication of the Brimberry et al. (1997) paper, the total field production

was 2,080 Bcf. The principle reservoirs are in the Sterling Formation, which had produced

1,700 Bcf (81.7 %). The Sterling reservoirs are typically 30 to 60 feet thick with some being

more than 100 feet thick. Effective porosity ranges from 25 to 31% and permeability of more

than one Darcy (1000 md) is common.
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The Beluga reservoirs are of somewhat lesser quality. The Beluga had produced 147
Bcf (7.1 %) at the time of the report, most from sandstones in the upper part of the formation.
Lower and middle Beluga sandstones are typically 10 to 20 feet thick and the upper Beluga
reservoirs are approximately 20 feet thick. The upper sandstones generally have effective
porosities of more than 15% and permeabilities in the 5 to 50+ md range. The lower and middle

Beluga sandstones are of somewhat poorer quality.

The total Tyonek production was 233 Bcf (11.2 %), with 6 Bcf from the upper Tyonek
and 227 Bcf from the deep Tyonek. The upper Tyonek reservoirs range 20 to 40 feet thick,
have porosities of 12 to 15%, and permeabilities in the 1 to10 md range. The reservoirs of the
deep Tyonek interval are superior to those in the upper part of the Tyonek. The deep Tyonek
sandstones are generally more than 40 feet thick, have effective porosities of about 12%, and

possess permeabilities of more than 50 md.

The available data from individual fields are very limited; thus, the Kenai field
information, as sparse as it may be, constitutes the best available model or guide for the basin
and for the evaluation of potential additional discoveries. The Kenai field is somewhat atypical
in that the Tyonek provides a better reservoir than the Beluga. Basinwide, the Beluga tends to

be a better reservoir than the Tyonek.
2.4 Reserve Base

Exploration in the upper Cook Inlet area has resulted in the discovery of 11 oll
accumulations and 28 gas accumulations (ADNR, 2002). Two of the gas discoveries postdate
the ADNR 2002 annual report cited above. The distribution of the Cook Inlet oil and gas fields is
shown in Figure 2.6. Not all of these fields have been developed and several are currently shut

in.

Since the initial production in 1958 through the end of 2003, Cook Inlet oil fields have
produced 1,293.049 MMbo (ADNR, 2003, Table IV.4). The largest field is the McArthur River
field with approximately 620 million barrels of recoverable oil. The Division of Oil and Gas 2003
Annual Report (Table 1V.2) places the known recoverable reserves in Cook Inlet at 166.7 milion
barrels of oil. Discoveries such as Cosmopolitan (Petroleum News, 2003) may offset this

decline, if proven economic.
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Oil has been discussed in this chapter to provide an overview of the hydrocarbon
resources and potential of the Cook Inlet Basin. Since the focus of this study is on natural gas,

no additional discussion of oil resources in the Cook Inlet Basin will be provided.
2.4.2 Gas

Gas production and commercialization commenced in 1961 with the development of the
Kenai gas field (Brimberry, Gardner, McCullough, and Trudell, 1997). The Kenai gas field is the
largest in Cook Inlet with estimated ultimate recovery of nearly 2,350 Bcf. Based on data from
the AOGCC from 1961 through 2003, Cook Inlet gas fields have a net production of 6,689.896
Bcf (AOGCC, 2004). Associated gas production was 546.315 Bcf and non-associated gas was
6,143.581 Bcf. Among the numbers presented in the AOGCC summary are volumes
associated with gas injection, principally in the Beaver Creek and Swanson River fields. These
numbers have been backed out of the totals. The most recent DOG production figures are
through the end of 2002 (ADNR, 2003) and calculate to be 6,421.066 Bcf.

The Swanson River gas production is an enigma. AOGCC (2004) lists production of
42.313 Bcf and the DOG (ADNR, 2003) has a net production of 241.020 Bcf through December,
2002, but does not appear to include that value in the cumulative total of 6,421.066 Bcf. Since
the primary sources of information are the AOGCC reports of monthly production, the total

cumulative production will be assumed to be 6,689.896 Bcf as of January 1, 2004.

The ADNR Division of Oil and Gas (2003) production projections through 2022 indicate
that as of January 2004 there are approximately 1,800 Bcf of additional proven unproduced
reserves remaining. Other studies and findings have quantified the size of “proven unproduced”
reserves. Chief among these are the Geoquest study prepared for Marathon and Phillips in
1996 and the Malkewicz-Hueni Associates study for ENSTAR in 1997. Table 2.4 summarizes
and compares the findings of the Geoquest and Malkewicz-Hueni studies with the projections of
the ADNR (2003, Table IV.10). The conclusion of the Geoquest study was that as of January 1,
1996, the total proven gas reserves in the Cook Inlet area were 3,787.1 Bcf. Using production
volumes for 1996 through 2003, the proven unproduced reserves indicated by the Geoquest
study are 2,020.9 Bcf, as of January 2004. The Malkewicz-Hueni study, treated in a similar

fashion, suggests that January 2004 proven unproduced reserves are 1,459.5 Bcf.
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Table 2.4. Comparison of magnitude of unproduced proven reserves as of January 1, 2004.
(Reserves associated with the recently discovered Ninilchik and Happy Valley fields are
included).

Data Source Vol. at time of | Vol. Prod. Reportto | Unproduced proven

Report (Bcf) Janaury 1, 2004 reserves (Bcf)

(Bcf)

Alaska Oil and Gas 6,689.90 0.00 1,790.3
Conservation Commission (1-1-2004)
(2004)
Geoquest Report 4,923.77 1,766.13 2,020.86
(1996) (1-1-1996)
Malkewicz-Hueni Report 5,361.50 1,328.40 1,459.46
(1997) (1-1-1998)

The variation and uncertainty among these three sets of reserves numbers are of prime
concern to users of the resource and one of the driving factors for this study. In this study
probable and possible reserve additions as well as the proven reserve estimates are evaluated.
The volumes presented above represent only conventional gas and do not include any
production or potential from coalbed natural gas, which is in the early stages of economic
evaluation. Coalbed natural gas will be addressed later in the text when future reserve

additions are considered.

2.5 Distribution of Natural Gas

The foregoing discussion was restricted to the upper Cook Inlet (Figure 2.1) -- the
portion of the basin bounded by the Augustine-Seldovia Arch, the Castle Mountain Fault, the
Border Ranges Fault Zone, and the Bruin Bay Fault. Additionally, coalbed natural gas was not
included. The stratigraphic distribution of gas reserves within the Kenai Group was mentioned
and included a reference to the presence of associated gas in the lower portions of the Kenai
Group and non-associated gas being confined to the upper portions. The associated gas is
solution gas in undersaturated oil reservoirs. The oil fields have no gas caps and typically have
gas-oil ratios (GOR) ranging from 250 to 400 cfg/bbl.

Non-associated biogenic gas is by far the most important component of the natural gas
reserve base in Cook Inlet. The biogenic non-associated gas accounts for 94% of the gas
reserves in Cook Inlet (Claypool, Threlkeld, and Magoon, 1980) and approximately 92% of the

production to date. This section is intended to provide information regarding these aspects of
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Cook Inlet gas and to suggest where additional undiscovered reserves will most probably be

found through future exploration efforts
2.5.1 Conventional Gas

Data for the known gas accumulations are not consistently available. The variety and
quality of the data vary from field to field. The older, larger fields tend to have the most
complete data sets, while the smaller fields and most recent discoveries may have little basic
information. Much of the reservoir and production/reserve data from recent discoveries are
classified confidential, and the information is not available to the public. Tables 2.1 and 2.4
were constructed to summarize the available information regarding these fields. These data
were primarily derived from AOGCC (2003b and 2004) and ADNR (2003) reports. Table 2.2
lists the fields in alphabetical order and gives the discovery date, duration of production,

principal reservoir horizons, depth to reservoir (sub sea), and net pay thickness.

Table 2.5 again presents the fields in alphabetical order and provides production and
reserve data in billions of cubic feet (Bcf) of gas. The data are presented as follows: production
from date of discovery to January, 1, 2004; additional proven unproduced reserves (post-2003);
and estimated ultimate recovery for Cook Inlet natural gas (ADNR, 2002 and AOGCC, 2004). In
Section 3, an independent reserves analysis is described and production forecasts developed

that form the basis for the economic analysis in Section 4.

Note should be taken of the several differences in the reporting formats between the
AOGCC and DOG. The DOG reports production from both a Trading Bay field and a North
Trading Bay field. AOGCC reports for only a Trading Bay field. In Table 2.5 the DOG
procedure is used and the production reported for the Trading Bay field by AOGCC (2004) is
assigned to the two fields in the volumes used by DOG. The Kenai Gas field and Cannery Loop
are reported as a single entity by the AOGCC but are considered two separate fields and
reported as such by the DOG. The Swanson River field gas production given by the AOGCC is
used. The volumes presented by the DOG are not used in this instance because of the

uncertainty associated with their derivation.

When summed, these numbers do not precisely equal those shown in the first row of
Table 2.4. This is due at least in part to the uncertainty in the magnitude of estimates of

recoverable reserves from the recent discoveries at Ninilchik and Happy Valley. The four major
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Table 2.5. Production data and reserve estimates by gas field in the Cook Inlet basin.

(AOGCC 2002a, 2003b, 2003c, 2003d, 2004 and ADNR 2003.

Gas Field Production, Production, Proven Estimated

Non-Associated | Associated Gas Unproduced Ultimate

Gas, Discovery Discovery to Reserves as Recovery

to January 1, January 1, of January 1, (Bcf)

2004 (Bcf) 2004 (Bcf) 2004 (Bcf)®
Albert Kaloa 0.119 0.000 0.000 0.119
Beaver Creek 170.150 2.020 71.110 243.280
Beluga River 847.163 0.000 312.908 1,160.071
Birch Hill 0.065 0.000 11.000 11.065
Cannery Loop 110.771 0.000 8.839 119.610
Falls Creek/ 3.064 0.000 96.936 100.000
Ninilchik*
Granite Point 0.800 125.099 11.164 137.063
Happy Valley 0.000 0.000 100.000(1) 100.000
lvan River? 74.049 0.000 8.226 82.275
Kenai 2,245.566 0.000 99.599 2,345.525
Lewis River 10.882 0.000 | See Ilvan River 10.882+
Lone Creek 1.011 0.000 ?? 1.011+
McArthur River 966.750 253.938 173.353 1,395.041
Middle Ground 16.383 91.691 3.432 111.506
Shoal
Moquawkie 0.988 0.000 20.000 20.988
Nicolai Creek 2.207 0.000 1.000 3.207
North Cook Inlet 1,621.587 0.000 571.971 2,193.558
North Fork 0.105 0.000 12.000 12.105
North Trading Bay 0.000 11.873 ?? 11.873+
Pretty Creek 8.273 0.000 | See Ivan River 8.273+
Sterling 4.058 0.000 29.088 33.146
Stump Lake 5.643 0.000 | See Ivan River 5.643+
Swanson River? 42.313 0.000 82.201 124.514
Trading Bay® 5.265 59.363 26.412 91.040
West Foreland 1.059 0.000 19.043 21.102
West Fork 4.212 0.000 4.000 8.212
West McArthur 0.000 2.331 0.385 2.716
River
Wolf Lake 0.654 0.000 50.000 50.695
Totals 6,143.581 546.315 1,713.583 8,403.479

(1) Estimated recoverable reserves of 100 Bcf were assigned to the Ninilchik and Happy Valley discoveries [Marathon initially
estimated recoverable reserves of 60 Bcf at Ninilchik and Unocal has placed initial estimates for Happy Valley at 75 to 100 Bcf
(Petroleum News, 2003b), but Unocal puts the potential of the area from Ninilchik south to Anchor Point at 100 to 600 Bcf

(Petroleum News, 2002)];

(2) DOG combined several smaller fields together when assigning future production; the unproduced reserves have been placed
with the Ivan River field in this table;
(3) DOG reserve values have been used with the Trading Bay fields and future reserves put with the Trading Bay field;

(4) The to-date production figure represents the AOGCC value; the data presented by DOG shows much larger reserves (241 Bcf)

but is difficult to rationalize.

(5) These values are derived from the DOG 2003 Annual Report for the major fields and the 1999 DOG Historical and Projected

Oil and Gas Consumption Report for the smaller fields.
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fields, Kenai, North Cook Inlet, McArthur River, and Beluga River, have estimated ultimate
recovery totaling 7,094.6 Bcf or 84.4% of the known recoverable volume of gas as calculated in
Table 2.5. ConocoPhillips attributes 85% of the gas discovered in Cook Inlet to these four fields
(Jepsen, 2002). The agreement among the reserve estimates presented by a variety of sources
is quite good for the four large, well-documented fields. The greatest variation in reserve

estimates is in the smaller fields and in the undiscovered reserve estimates for the basin.

This is shown, in part, by the range in estimates of total proven reserves for the Cook
Inlet Basin from the sources indicated in Table 2.4 and the summation of Table 2.5. These

values are presented for comparison in Table 2.6.

Table 2.6. Comparison of ultimate recovery estimates.

Source of Data Estimated Ultimate Recovery (Bcf)
Alaska DNR 8,480.2
Geoquest 8,710.8
Malkewicz-Hueni 8,149.6
Table 2.5 8,403.4

Based on the figures of Table 2.6, the estimates of ultimate recoverable gas for the
known accumulations range from 8,149.6 to 8,710.8 Bcf. This is a difference of more than 560
Bcf. This level of uncertainty has potential impact on the timing of supply versus demand
deficits and the economic life of several fields. This uncertainty is addressed in Sections 3 and
4 and the potential for additional future economic reserve additions in the Cook Inlet basin and

elsewhere in south-central Alaska.
2.5.1.1 Areal Distribution of Existing Fields and Reserves

Figure 2.7 shows the location of the known gas accumulations and gas pipelines in Cook
Inlet. Numerically speaking, the 28 known accumulations (Tables 2.1 and 2.4) are primarily
concentrated on the western portion of the Kenai Peninsula and on the northwest side of the
inlet, with the notable exceptions of the Granite Point, North Cook Inlet, McArthur River, and
Middle Ground Shoal fields. These four fields and smaller offshore accumulations are
estimated to have total production of 3,925 Bcf. The west Cook Inlet fields, Beluga River, the
Lewis River/Stump Lake/Pretty Creek/lvan River cluster, and Nicolai Creek will ultimately

produce approximately 1,340 Bcf. The western Kenai Peninsula string of fields, from Birch Hill
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in the north to North
Fork/Happy Valley in the
south and including the
Kenai field, have total
recoverable gas in the
range of 3,290 Bcf.

The offshore fields
and those on the west side
of Cook Inlet are situated
along a series of north-
northeast trending
asymmetrical anticlinal
structures. The Kenai field
and the smaller fields on
the Kenai Peninsula are
situated on a parallel series
of anticlinal structures
(Magoon, Adkinson, and
Egbert, 1976). The deep
axial portion of the basin
serves to separate the two
known producing trends.

Geological mapping

Elgw

Fiw

* 7 = 7
i J { ) J LY HO‘J‘FO -
[é I\,}IcnL nus|10-8+5i’rn:| Vc{lley L~ Was]
¥
o
J J -fl_x\“ }
N o0 1Y
T Eagle
¥
o
3 2 di :
N RAGH
s N
6 7 ~
3 . ,/"\ /9'*-
i \ " \r" 1
14 / wl 4
/ i
|_f~Z4, J
Lot %ﬁﬁ“ksfm ,./ Kenai Peninsulg
. anai . E’ // LEGE\ID
L = R g
10 ‘./-’ ~—-- Fropased Gas Ppsing [N
e
1 Beaver Creek
Kasilof A
a Falsﬂlnl_n‘ﬁichl
Clam Gy J \j / P e
NA LI [ S
iniIM /. HoEe
; o B
OCS 5 ES._E;;‘.‘.“"’
éﬂ 2
pochor bt || 2
“‘, Wl - Fepuy  Limits of Tershry saciments
fet
] | ] 1 ] ] 1 1 ]
I Miles

Figure 2.7. Cook Inlet Basin, Alaska. Gas fields and

accumulations and gas pipelines.

on the Kenai Peninsula (Magoon, Adkinson, and Egbert, 1976) shows another more easterly set

of anticlines with the same trend as those hosting the producing fields. There is sparse well and

seismic control over much of the eastern portion of the Kenai Peninsula. The magnitude and

character of these structures is yet to be fully appreciated. They are mapped with a high degree

of certainty in the Kachemak Bay (Figure 1.1) area and in the vicinity of Chickaloon Bay, but the

area between is poorly understood. A third gas-bearing anticlinal trend may exist beneath the

Kenai National Wildlife Refuge (see Figure 2.17).
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While the obvious structural trends cited earlier have served to focus the past
exploration efforts in the basin and generally do so today, the exploration of the future will be
more varied in play type. More subtle structural plays, combination structural-stratigraphic
plays, and pure stratigraphic plays will assume the dominant roles in the discovery of additional
reserves. This will expand the scope of the area of interest and require more sophisticated

exploration technologies to find and develop these resources.
2.5.1.2 Stratigraphic Distribution of Reserves

Gas reserves are generally restricted to the upper portion of the Tertiary section (Figure
2.5) where the biogenic gas is both sourced and reservoired. Based on production data
available from the AOGCC (2003d), the total produced gas can be partitioned among the major
gas-producing formations in the following proportions: 57% from the Sterling, 14% from the
Beluga, and 25% from the Tyonek. The remaining 4% is attributable to associated gas from the
Hemlock and West Foreland formations. A large percentage of the gas is produced from the
younger Tertiary section, latest Oligocene through Pliocene (24 to 2 Ma) and is the result of the
bulk of the gas being biogenic and associated with the shallow coal-bearing section. It was
earlier noted that 94% of the gas is of biogenic origin, and the Tyonek through Sterling portion of
the Kenai Group has produced 96% of the gas; i.e., essentially all the biogenic gas plus some
“leaked” thermogenic gas. Recent isotopic analyses of gases in several of the Cook Inlet gas
fields have revealed that ethane and propane have been detected in small quantities in some of
the deeper Beluga reservoirs and that the amount of these heavier gases tends to increase with
depth. This appears to be more characteristic of gas fields overlying oil accumulations, such as
the North Cook Inlet gas field.

The Sterling and upper Beluga reservoirs tend to be the thickest, most prone to having
sandstone-on-sandstone contacts (more continuity of reservoir or accumulation), and the best
porosity and permeability, thus making this interval of Sterling and upper Beluga the most

attractive gas exploration targets in the basin.

2.5.1.3 Depth of Gas Fields

Depth appears to be an additional controlling factor associated with the occurrence of
gas accumulations. The great bulk of the gas in the basin has been found in reservoirs at

depths of approximately 3,000 to 5,000 feet subsea. This may be due to latest Pliocene(?)/
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Pleistocene compaction of the shallow section associated with glacial loading. More than 4,000

feet of ice filled Cook Inlet during the Pleistocene glacial epochs and was theoretically capable

of sufficiently compacting the sedimentary section to create somewhat leaky seals (Van Kooten,

2003). Today, the upper limit of such seals is at about 3,000 feet subsea. Figure 2.8 shows the

zero-edge and the 1000-, 2000-, and 3000-foot contours for the Tyonek, Beluga, and Sterling

Formations in upper Cook Inlet. This figure serves to combine the stratigraphic interval with

depth. Figure 2.8 can be used to predict which of the three important gas-bearing formations

may be at the most productive depths (-3,000 to -5,000 feet) at a proposed location in the basin.

Regardless of
formation (Sterling, Beluga,
or Tyonek) 90% of the gas
produced in Cook Inlet has
come from reservoirs in the
general depth range of
3,000 to 5,000 feet subsea.
This value was derived
from reservoir data and
production volumes in
reports of the AOGCC
(2003b and 2003d). Given
the theory that the
minimum effective depth of
gas accumulation is
controlled by the
development of seals
resulting from overburden
loading, any gas generated
at shallower depths would
have quickly escaped to
the surface. This concept
may provide a means of
efficiently evaluating the

unexplored and poorly
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explored portions of the basin relative to their gas potential. This approach will be examined in

some detail in the section titled “Opportunities for Future Reserve Additions.” There may be

local exceptions to this generalization in instances where gas has accumulated in older,

originally more deeply buried formations that have been brought to shallow depths by uplift and

erosion of the overlying strata.

2.5.2 Unconventional Gas

Unconventional (non-conventional or less conventional) gas resources are “gas present

in low-permeability (tight) reservoirs with matrix permeabilities generally less then 0.1 md.” “The

gas may be present in sandstones, siltstones, coalbed, or shales. This category is essentially

equivalent to the United States Geological Survey’s (USGS) continuous-type deposits except
that no permeability limitation is specified by the USGS” (DOE, 1999).

In the south-central

Alaska area, future

opportunities may exist for

several of these potential
sources but only coal-

related natural gas is

actively being pursued at

this time. Evergreen
Resources and predecessor |,
companies have drilled a
number of exploration wells
in the Pioneer Unit (Figure
2.9) of the Houston area.
They recently discontinued
a pilot project intended to
dewater the coals prior to
flowing gas for production

and rate tests.
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There appears to be considerable potential for coalbed natural gas in the south-central
Alaska area; however, well costs, subsurface versus surface ownership issues, production
rates, and water disposal are all problems that need to be resolved or mitigated. In late October
2003, Evergreen announced that it was abandoning the Pioneer unit wells until either the
economics or technology was more favorable (ADN, 2003). The company is shifting its efforts
to areas north of the Castle Mountain fault and is pursuing a multi-corehole program to more
effectively evaluate the coals (Petroleum News, 2003c). The potential for coalbed natural gas to
contribute to the future gas supply of the area is discussed further in Section 2.6.3 and in
Section 3.5.

2.6 Opportunities for Future Reserve Additions — Cook Inlet

The magnitude of potential undiscovered gas reserves is poorly understood and
constrained. One example of the variability is evident in DOE/FE Opinion and Order No. 1473
(DOE, 1999; Table 1). DOE’s Table 1 presents a series of estimates of proved, unproved,
undiscovered unproved, and speculative reserves or reserve additions as of January 1998. The
variability in that table reflects the uncertainty or disagreement in the volume of both probable
unproved reserves (600 to 1,050 Bcf) and estimated undiscovered unproved economically
recoverable reserves (0 to 441 Bcf at $2.00/Mcf or 779 Bcf at $3.34/Mcf). Summing these
projections provides an estimate of potential reserve additions that ranges from 600 to more
than 1,800 Bcf, and ultimately results in estimates of total remaining gas supply for the Cook
Inlet area (as of January 1, 1998) that range from a low of 3,003.9 Bcf to a high of 4,545.0 Bcf
(DOE, 1999, Table 1). These numbers reflect the situation as perceived in early 1998 and are

presented here for comparison purposes only and do not reflect the current assessment.

Three possible sources must be considered when evaluating future additions to the gas
reserve base of the Cook Inlet area: 1) additional growth of reserves in existing fields, 2)
undiscovered resources of conventional natural gas, and 3) unconventional sources such as
coalbed natural gas. Appendix C of the DOE/FE Opinion and Order No. 1473 (DOE, 1999)
presents an evaluation by the USGS of the magnitude of the possible contribution from these
sources. The conclusions reached at that time were that 1) reserves growth was the most
certain of these additions to reserves and that growth would add more than 1,000 Bcf prior to
2015 and perhaps ultimately as much as 3,000 to 4,000 Bcf; 2) the discovery of additional

conventional natural gas resources is less certain and economically dependent, but the USGS
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estimated that between 400 and 800 Bcf could be added through the discovery of new fields;
and 3) the presence of coalbed natural gas resources is confirmed, but insufficient evidence is

available to make reasonable estimates of recoverable volumes.

Each of these three categories is reevaluated from the perspective and advantage of six
additional years of production, a modest increase in exploration drilling, a better understanding
of the coalbed natural gas potential of the basin, and a greater demand and higher price for gas.
In this section, the potential for reserve additions within the area of currently active and
proposed exploration and leasing within the Greater Cook Inlet area is evaluated. In Section 2.8

the areas of south-central Alaska external to the Cook Inlet Basis are examined.

As used here, the Greater Cook Inlet Basin encompasses the upper and lower Cook
Inlet subbasins and the Susitna Basin to the north of the Castle Mountain fault, where active
exploration licensing and coalbed natural gas exploration is underway. Figure 2.9 shows the
area under consideration. Current production of conventional gas is solely restricted to the
upper Cook Inlet subbasin, where the vast majority of exploration has occurred (more than 90%
of the exploration wells). The federal waters of lower Cook Inlet were the loci of a minor Outer
Continental Shelf (OCS) exploration effort in the late 1970s and early 1980s. The southern
portions of the Susitna Basin have historically been exposed to a very low level of oil and gas
exploration and are currently the focus of coalbed natural gas exploration and land acquisition

through exploration licenses.
2.6.1 Reserves Growth

The Cook Inlet Basin has experienced large increases in reserves and ultimately
production through the incremental development of originally unrecognized reserves in the
established producing fields (DOE, 1999). This experience reflects the historically well-

established growth in reserves observed in producing basins elsewhere.

The USGS performs periodic assessments of the oil and gas resources of the United
States and included in these assessments are estimates of the amount of anticipated reserve
growth in existing fields. The USGS’s 1995 National Assessment of Oil and Gas Resources of
the United States (USGS National Resource Assessment Team, 1995) included estimates of
reserve growth in existing Cook Inlet gas fields. These estimates are based on statistical

projections of a series of data in the proprietary EIA Oil and Gas Integrated Field File (OGIFF).
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A growth trend is present in most petroleum provinces in the United States (DOE, 1999). The
1995 statistical projection of reserve growth was based on OGIFF data through 1992 and
resulted in the estimated reserve growth for Cook Inlet shown in Table 2.7. The report (DOE,
1999) goes on to state that, “Based on this analysis and considering that part of the 1994-2015
reserve growth estimate has already taken place, it is reasonable to assume that more than
1,000 billion cubic feet (Bcf) of gas will be added to existing fields in the Cook Inlet before 2015.”
An additional 2,000 to 3,000 Bcf may be added before the fields are abandoned (DOE, 1999).

Table 2.7. Estimated Reserve Growth In Cook Inlet Gas Fields —Based On OGIFF Data
through 1992 (Source; Department of Energy, Appendix C, 1999)

Reserve Growth During The Time Interval 1994-2015 1994-2080
Associated Gas (Bcf) 468 1,135
Non-Associated Gas (Bcf) 1,390 3,207
Total Natural Gas (Bcf) 1,858 4,342

To determine the applicability of the concept of reserves growth as applied to Cook Inlet,
production and reserve estimates for Cook Inlet fields were examined. The reserve estimates
for the time period of 1982 to 2004 are presented in Table 2.8 (ADNR, 1982, 1983, 1984, 1985,
1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
and 2002). These reserve values indicate several abrupt increases in proven but unproduced
reserves, most notably between 1984 and 1985 and again between 1994 and 1996. When
compared with Table 2.1, these increases are either only fractionally or not at all associated with
the discovery of new gas fields. As can be seen from Table 2.1, the 1981 to 1990 time interval
was totally devoid of exploration success and only about 20% of the increase seen in the 1995
to 1997 interval can be attributed to newly discovered gas fields. These data are shown

graphically in Figure 2.10.

Also, the increases evident in the data in Table 2.8 are larger than they appear at first
inspection. The true magnitude of the reserve increase is partially offset by annual production
rates of 200 to 220 Bcf. Thus, there is an increase in total gas reserves of 1,600 Bcf in the 1986
data, 1,400 Bcf jump in remaining reserves plus the 200+ Bcf produced in 1985. Similarly
between 1995 and 1997 the data show an increase in proven unproduced reserves of 1,394 Bcf
and, according to discoveries recorded in that time interval (Table 2.1), a maximum of 290 Bcf

of that increase appears to be associated with new field discoveries. Additionally, more than
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Table 2.8. Estimates of economically recoverable gas reserves (Bcf) — January 1982 to
January 2004.

Date of reserve | Recoverable | Net Date of reserve | Recovera | Net
estimate reserves change estimate ble change
(Bcf) from prior reserves from prior
year (Bcf) (Bcf) year (Bcf)
January 1, 1982 | 3,785 n. A. January 1, 1994 | 2,187 -640
January 1, 1983 | 3,594 -191 January 1, 1995 | 1,887 -300
January 1, 1984 | 3,426 -168 January 1, 1996 | 2,842 +955
January 1, 1985 | 3,246 -162 January 1, 1997 | 3,281 +439
January 1, 1986 | 4,664 +1,400 January 1, 1998 | 3,066 -215
January 1, 1987 | 4,377 -287 January 1, 1999 | 2,843 -223
January 1, 1988 | 4,158 -219 January 1, 2000 | 2,564 -279
January 1, 1989 | 3,906 -252 January 1, 2001 | 2,348 -216
January 1, 1990 | 3,619 -287 January 1, 2002 | 2,241 -107
January 1, 1991 | 3,417 -202 January 1, 2003 | 2,020 -221
January 1, 1992 | 3,215 -202 January 1, 2004 | 1,905 -115
January 1, 1993 | 2,827 -388
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part attributable to a restoration of those discounted reserves.

Re-evaluations of Cook Inlet’'s major fields have repeatedly resulted in the recognition of
additional undeveloped or bypassed reserves. The North Cook Inlet Field provides an example
of such “growth.” The ADNR had attributed reserves of 468 Bcf to the field in 1993, 410 Bcf in
1994, 358 Bcf in 1995, 1,000 Bcf in 1996, and 1,075 Bcf in 1997 (Petroleum News, 2001a). The
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reserves were then decreased through continued production to 917 Bcf in ADNR’s 2000 Annual
Report. A total of 208 Bcf were produced from the field during the four years (1993 to 1996).
Without the reserve growth, there would have been only 260 Bcf at the start of 1997; thus,
reserve additions of more than 800 Bcf are attributed to the North Cook Inlet field in that
timeframe (1,075 Bcf — 260 Bcf = 815 Bcf). At the current demand level that is approximately a

four-year supply of gas.

As evidence that reserve growth is an ongoing phenomenon, current remapping/re-
evaluation of the North Cook Inlet gas field is targeting untapped channel belts, with virgin
pressures, and adding reserves to the field. Also, Marathon has recently applied to the AOGCC

(2004) to define a new gas pool in the Kenai Gas Field, the Beluga/Upper Tyonek Gas Pool.

While reserve growth has been realized in the major fields, there is still additional
potential, and the newer fields will probably experience similar relative growth in reserves
throughout their production history provided there is sufficient economic incentive to encourage
the investment that will be required to continue the development needed to increase the
reserves. (The required investment is discussed in Section 4.5.1.2.) These data provide strong
support for the observation that full development of discoveries in Cook Inlet results in continued
growth in reserves throughout the life of the field. Little additional information is available that
can be utilized to project the magnitude and timing of future reserve growth in the Cook Inlet gas
fields. The reserve growth of 1,000 Bcf or more over the next 10 to 12 years projected by the
USGS (USGS, 1995; DOE, 1999) may provide a realistic estimate of recoverable reserves for
the known fields. This projection of growth in gas reserves appears to be a reasonable
expectation. An additional 2,500 to 3,000 Bcf may eventually be added through reserves
growth in the existing fields and possibly more in recently discovered accumulations before the

fields are abandoned.
2.6.2 Exploration for Conventional Gas

As recently as 2000, 98% of the gas production was from fields that were discovered
more than 30 years ago (Petroleum News, 2000a). This is a reflection of the lack of active gas
exploration in Cook Inlet. Despite the low levels of exploration drilling over the last 20 to 25
years (Table 2.1), there is a high potential for additional gas discoveries in the Cook Inlet Basin.

The recent modest increases in exploration drilling and the new emphasis on gas exploration
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have yielded encouraging results (350 to 400 Bcf discovered) and indicate that an intensive

gas-focused exploration effort will lead to additional discoveries in the near future.

The Petroleum News (2004) cites a ConocoPhillips manager as stating “ConocoPhillips
believes that the Cook Inlet is entering a period of new exploration and discovery.” He went on
to say that Cook Inlet is just beginning to come out of its first stage of discoveries when “easily
accessible” reserves are developed and now higher prices for gas have “led to an increase in
drilling, followed by new discoveries.” He concluded by saying that in the next five to 10 years,

exploration “will tell us a lot about the potential of the basin.”

The future exploration prospectivity of the Greater Inlet Basin is discussed within the
context of three geographic subbasins or areas of federal and state administration of land and
resources. For these purposes, the three sections are upper Cook Inlet subbasin (Section
2.6.2.1), lower Cook Inlet subbasin (Section 2.6.2.2), and Susitna Basin (Section 2.6.2.3). The

focus of the effort to add new reserves will be on the non-associated gas.

To satisfy resource assessment responsibilities or in preparation for leasing, federal
(Attanasi, 1998, USGS, 1995, and MMS, 2000) and state (ADNR, 2002) agencies have
addressed the oil and gas potential of the Greater Cook Inlet area, or portions of it. Private
organizations (Potential Gas Committee, 2003) have made similar assessments. The
undiscovered resource estimates were presented by these assessors in a variety of formats and
one-to-one comparisons are difficult to make. Nonetheless, the magnitude of these numbers is
of interest and provides some measure of the remaining potential as seen by the various

organizations using the data available at the time those assessments were performed.

The Potential Gas Committee (2002) and J. B. Curtis (2003) estimated probable gas
reserves for the Greater Cook Inlet Basin and subdivided the area into two parts, the onshore
Cook Inlet-Susitna Basin and offshore Cook Inlet Basin (including both state and federal areas).
The onshore portions were estimated to have probable potential reserves of 0.65 Tcf, possible
potential reserves of 1.4 Tcf and speculative potential reserves of 2.4 Tcf, or a total of 4.45 Tcf
with various levels of confidence. The offshore areas were estimated to have 0.4 Tcf probable
potential reserves, 0.7 Tcf possible potential reserves, and 1.0 Tcf speculative reserves, or a
total of 2.1 Tcf. Based on the Potential Gas Committee estimates, the basin’s undiscovered

reserves may range up to 6.55 Tcf.
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Federal evaluations (Attanasi, 1998 and MMS, 2000) have estimatee that undiscovered
conventionally recoverable gas have an estimated range of 0.67 Tcf (95% probability) to 2.46
Tcf (5% probability). The undiscovered potential for upper Cook Inlet (Attansai, 1998) has an
estimated range of 1.03 Tcf to 3.56 Tcf and a mean of 2.16 Tcf. Assuming these figures are
compatible, the federal estimates for the Cook Inlet Basin yield a mean of 3.54 Tcf and a range
of 1.70 Tcf to 6.02 Tcf. An additional published estimate by the USGS (Masters, Root, and
Turner, 1998) puts the range for conventional undiscovered natural gas in Cook Inlet at 1.50 Tcf
to 6.74 Tcf.

The ADNR has not prepared independent estimates of potential undiscovered reserves
for Cook Inlet. The state has relied on estimates by federal agencies and/or the companies and
their hired consultants. For the purpose of comparison, all the foregoing estimates must be
adjusted to a common time reference — the present. This may be accomplished by subtracting
the reserves added through exploration successes (Table 2.1) since the date of the individual
estimate, indicated by the reference citation. The reserve additions are approximately 200 Bcf
since the federal estimates and 100 Bcf since the latest Potential Gas Committee evaluations.
Thus, when adjusted to the date of this report, these sources suggest that the upper end of the

range for undiscovered conventional gas is about 6.0 to 6.5 Tcf.

Due to the limited amount of exploration drilling, the level of uncertainty regarding
undiscovered recoverable reserves is high as indicated by the above estimates. The current
known produced and unproduced reserves (Tables 2.4 and 2.6) do not represent the true
potential of the basin, and, based on the estimates presented above, the ultimate reserves may
be two to three times the total proven unproduced reserves (Table 2.4). If this hypothesis is
true, where are the remaining reserves and what is the magnitude of the remaining conventional

gas resources in the basin?

To address these questions and provide reasonable estimates of the resource potential,
each of the three basin subdivisions and a number of play types are examined, and the possible
magnitude of the total gas endowment is investigated.® In the latter instance, five gas resource
endowment cases were constructed and evaluated. These cases will be discussed in Section
2.7. The case for the gas endowment scenarios is established by an examination of the three

basin subdivisions and the following play types: 1) Tertiary structural plays — the only play type

® Total gas endowment means the total volume of gas in place in the basin.
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pursued to date, 2) Tertiary stratigraphic plays in the shallow, biogenic-gas dominated part of
the section -- a concept being used to increase reserves in existing fields, and 3) deeper basin
plays in the style of the Kitchen prospects of Demarchos et al. (2002) and Mesozoic plays —

high risk and high potential.

e Tertiary Structural Plays -- All the current and developing production is from
structurally driven exploration plays. In the upper Cook Inlet the great majority of the
accessible, large seismically-expressed structures have been drilled. Most of these
large structures have proven to be productive of oil and/or gas and account for all of
the oil and gas discoveries to date. In the lower Cook Inlet subbasin all exploration
wells have been drilled on large structures involving Mesozoic rocks and the thin
Tertiary cover. The Susitna Basin conventional gas or oil exploration has also been

structurally driven.

e Tertiary Stratigraphic Plays -- Mature hydrocarbon basins generally exhibit a two-
phase exploration history. The first phase consists of exploration for structural traps
and then a second phase focuses on stratigraphic plays. At this point in time, Cook
Inlet exploration is still in the structural-prospect phase. Few if any exploration plays
have been pursued and drilled solely on stratigraphic trapping concepts. Based on
exploration results in basins elsewhere, this implies that as much as 50% or more of

the basin’s reserve potential has not been investigated.

In the Cook Inlet Tertiary section, stratigraphic traps are present as fluvial
channel facies and the cleaner portions of alluvial fans. The fluvial channels tend to be
concentrated in the axial portions of the northeast-southwest trending basin and

migrate laterally across the basin in response to activity on the basin-bounding faults.

During intervals of active faulting, on one of the fault systems, the axial channel
system tends to migrate laterally toward the opposite side on the basin. This is in
response to uplift in the vicinity of the fault and increased deposition and growth of
alluvial fans along the active fault margins. Thus, the two predominant non-marine
facies sets tend to stratigraphically interleave and produce reservoirs of differing

geometries and reservoir quality.
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Additional stratigraphic traps are developed along the basin margins in response
to the uplift, erosion, and renewed deposition associated with active faulting. A series
of unconformity traps may be expected between and within the principal reservoir
horizons. Similar unconformity-related traps may exist along the flanks of growing
structures. Because of the youthfulness of many of the structures, this pattern should

be especially pronounced in the uppermost Beluga and Sterling Formations.

e Deep Basin Plays — These plays include the deep Tertiary plays proposed by
Demarchos et al. (2002), evidenced by proprietary processing of seismic data, and
targets in the Mesozoic portion of the section. While these plays may be either
structural or stratigraphic in nature they target either Mesozoic horizons or deeper

Tertiary plays, made attractive via enhancement of the seismic data.

These plays and their importance will be examined in the context of the role they are
anticipated to play in future exploration efforts in the Greater Cook Inlet Basin, on a subbasin by

subbasin basis.
2.6.2.1 Upper Cook Inlet Subbasin

In the past, oil-driven exploration has taken place throughout the Greater Cook Inlet
Basin, but drilling density is very light outside the major producing fairways of the upper Cook
Inlet (Figures 2.4 and 2.6). The upper Cook Inlet subbasin has had 220 exploration wells drilled
in an area of approximately 9,000 square miles (23,330 sq. km) or a density of one well per 41
square miles (106 sqg. km). Outside the upper Cook Inlet subbasin, the drilling density is an

order of magnitude lighter.

For the immediate future, the area of most intensive gas exploration will continue to be
the upper Cook Inlet subbasin where virtually all the active oil and gas leases exist (Figure
2.10). For that reason, the bulk of the following discussion will focus on this portion of the
Greater Cook Inlet Basin. Figure 2.11 depicts the probable limits of possible gas accumulations
in the upper Cook Inlet Basin. The “limit of accumulations,” shown on Figure 2.11, is the
approximate 3,000 foot contour for the Kenai Group, and the principal area of interest is

enclosed by this contour. These limits are used later on Figures 2.17 and 2.18.
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Based on current
understanding, the
estimated ultimate
recovery from the gas
fields of the upper Cook
Inlet is approximately 8.5
Tcf (Table 2.6). With an 85
% recovery factor this
represents an OGIP value
of 10.0 Tcf. The key factor
for future exploration
success in this subbasin
lies in the magnitude of the
total conventional gas
endowment and the
number and size of
remaining undiscovered

gas accumulations.

Structural
Plays: Much of the current
exploration is focused on
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Figure 2.11. Cook Inlet Basin, Alaska -- probable limits of
potential gas accumulations based on Kenai Group thickness
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structures and under- or unexplored fault blocks on productive features. The Cannery Loop

field was discovered on such a fault block at the north end of the structure responsible for the

Kenai field. Recent exploration drilling and retesting on smaller structures has led to the gas

discovery at Happy Valley and the confirmation of an oil accumulation at Cosmopolitan

(Starichkof). It is anticipated that most of the near-term exploration will continue to be directed

toward these play types. The recent discoveries have been in the range of several score to a

hundred, or more, Bcf of gas

The eastern portion of the Kenai Peninsula is largely unexplored due to land access

issues regarding the wildlife refuge (Figure 2.4). Maps of this area (Magoon, Adkinson, and

Egbert, 1976) show anticlinal structures in both the Kachemak Bay area in the south and the
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Chickaloon Bay area to the north but a lack of mapped structures in a large area between these
extremes. This is probably a result of the lack of seismic control and rock exposures that would
provide a basis for structural mapping. The mapped structures trend directly into the area and
there is every reason to expect that anticlinal features are present and should represent
attractive exploration targets. Small en-echelon (?) structures on the west side of the inlet, in
the Moquawkie to West Forelands area, continue to provide exploration targets like those at
Nicolai Creek and Lone Creek (Figure 2.7) and can be expected to yield fields with reserves in

the several tens of Bcf or greater.

The number and location of such fields are impossible to predict, but conventional
seismic methods should provide the needed data to find, evaluate, and ultimately drill those

features deemed to have sufficient potential.

Stratigraphic Plays: Much of the current and past production has been from
fields that possess a stratigraphic component. Since the fundamental Cook Inlet reservoir is
either an alluvial fan or fluvial channel facies, few if any reservoirs will have a sheet-like
geometry and the concurrence of structure and reservoir is largely a product of chance. Gas-
bearing reservoirs are just as likely to occur on the flanks of structure and off-structure as on-

structure.

The non-associated biogenic gas constitutes the vast majority of the gas endowment of
the subbasin. Because of its mode of generation and the proximity of source and reservaoir,
non-associated gas may be found in traps throughout the basin. The presence and quality of
seals are theoretically the primary controls on the accumulation of economic quantities of gas.
If the Cook Inlet Basin replicates the exploration and production history of many basins
worldwide, it may have yielded only a fraction of its natural gas endowment. Historically,
stratigraphic plays have out-produced structural plays in areas like the Powder River Basin.
The most promising areas for stratigraphic plays are the eastern and western margins of the
basin and the flanks of the major structures. These areas are the easiest to identify and require
less sophisticated seismic data to delineate prospective targets. Elsewhere in the northern
Cook Inlet area 3-D seismic will be required to localize and prioritize purely stratigraphic

opportunities.
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The associated gas is less likely to have accumulated in purely stratigraphic traps.
Since the associated gas was sourced from the Jurassic and migrated up-section into the lower
Kenai reservoirs (Figure 2.5), its distribution is largely dependent on the existence of
communication pathways from the source rocks to the reservoirs. This migration is believed to
be facilitated by deeply penetrative faults or the presence of unconformities that superpose the
Kenai section on the Mesozoic source intervals. These relationships are most commonly or

even exclusively associated with the large anticlines exhibiting early growth.

The bulk of the estimated undiscovered unproven gas reserves are expected to be found

in this portion of the greater Cook Inlet Basin and in stratigraphic plays.

Deep Basin Plays: This category includes two different sets of plays in the
upper Cook Inlet subbasin. These are Mesozoic objectives of both a structural and
stratigraphic nature and the deeper Tertiary features suggested by the technique of energy
absorption analysis seismic processing (Demarchos, et al., 2002). The authenticity of both

plays is questionable and they carry a high level of risk.

The Mesozoic plays were the primary objectives in the early phase of exploration in
Cook Inlet. This emphasis was the direct result of numerous oil seeps from Jurassic and
Cretaceous exposures on the Alaska Peninsula. In fact, the Swanson River Field was
discovered as the result of drilling an exploration well to evaluate a Cretaceous objective. The
potential Mesozoic plays are in the uppermost Jurassic, and the Cretaceous portions of the
section. The principal reservoir objectives would be the Naknek, Staniukovich, Herendeen,
Kaguyuk, and Saddle Mountain (Figure 2.5). Gas in the Mesozoic reservoirs would be
associated gas derived thermogenically from Jurassic sources. The probability that these
potential resources would be the objective of an intensive exploration effort is low. The costs

and risks associated with this play would be difficult to overcome.

The second category of play considered under this classification is a deep Tertiary play
with the primary zone of interest being the “Tertiary and pre-Tertiary Formation” (Demarchos, et
al., 2002). The appellation “Tertiary and pre-Tertiary Formation” is applied to rocks that could
be Hemlock, West Foreland, or Upper Jurassic/Cretaceous sediments. The prospective
features are large fault-bounded structures with both stratigraphic and structural traps and in

addition to the “Tertiary and pre-Tertiary Formation” have shallower opportunities in the Tyonek
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through Sterling formations. These shallower objectives are included in the normal structural
and stratigraphic plays discussed earlier. Two major features are present, the Kitchen and East
Kitchen prospects with 9,000 feet and 4,000 feet of structural closure, respectively. The Kitchen
prospect and the East Kitchen prospect are gauged to have 39,000 and 18,000 acres of
closure. The main target is the “Tertiary and pre-Tertiary Formation,” estimated to have 12.3
Tcf of potentially recoverable reserves at depths of 12,000 to 20,000 feet, and the shallower

horizons are estimated to contain an additional 11.9 Tcf (Demarchos et al., 2002).

The validity of the Kitchen prospects is an unknown. No wells have been drilled to test
the hypothesis. The volumes tentatively attributed to these prospects seem at first examination
to be unrealistically large; however, there are gas endowment scenarios where fields

approaching this size are possible. These scenarios will be examined later.
2.6.2.2 Lower Cook Inlet Subbasin

In this discussion, the term lower Cook Inlet subbasin is used to include the subbasin
south of the Augustine-Seldovia Arch (Figure 2.1) plus the OCS area south of Kalgin Island to
the arch. The OCS area from south of Kalgin Island to the Shelikof Straits (Figure 1.1) has
been very lightly explored, and only 13 wells have been drilled in the 1978 t01985 timeframe
(MMS, 2001). The area that has been offered for leasing in the past and is currently being
evaluated in preparation for two planned lease sales consists of approximately 2,500,000 acres
or 4000 square miles (10,400 sqg. km). The exploration well density is approximately one well
per 300 square miles (800 sqg. km). The wells were drilled on oil prospects. There are currently

only a few active leases in the OCS, near Anchor Point (Figure 2.9).

The undiscovered conventionally recoverable gas resources of the Cook Inlet Planning
area, the site of proposed lease sales 191 and 199, are estimated to range from 660 Bcf (F95)
to 2,490 Bcf (FO5) with a mean of 1,389 Bcf (MMS, 2003b).

Structural Plays: The lower Cook Inlet subbasin and the OCS portions of upper
Cook Inlet have abundant untested structures, but a generally thin Kenai Group section. The
more prolific reservoirs of the upper Kenai Group are absent and the gas is more likely to be of
thermogenic origin and derived from the oil-prone Mesozoic source rocks. The 13 wells in this
area are all on-structure and three had oil shows. The MMS considers this area to have only

modest potential for structurally trapped gas. Approximately 550 to 600 Bcf of the mean
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estimated resources are expected to be reservoired in structural traps (MMS, 2003b). The
MMS (1998, Figure 23-6 and 2003b, Figures B-6) considers the bulk of the OCS from Kalgin
Island to the southern end of Shelikof Straits to have potential for Mesozoic structural plays.
Potential structural plays in the Tertiary section (MMS, 2003b, Figure B-5) are limited to the
OCS area north of the Augustine-Seldovia Arch and south of Kalgin Island (Figure 2.1).

Stratigraphic Plays: Only the portion of the OCS north of the Augustine-
Seldovia Arch and south of Kalgin Island should have reasonable potential for non-associated
biogenic gas. It is an extension of the geologic province in state waters and lands to the north.
The Tertiary section thins significantly to the south, onto the Augustine-Seldovia Arch, but
sufficient section remains to provide for Tertiary stratigraphic play opportunities (MMS, 1998,
Figure 23-5 and 2003b, Figure B-5). Of the mean expected reserves, nearly 60% or over 800

Bcf is estimated to be in stratigraphic traps. The bulk of the reserves are in Tertiary reservoirs.

The area south of the Augustine-Seldovia Arch may have modest Mesozoic stratigraphic
potential for thermogenic gas. The MMS (1998, Figure 23-5 and 2003b, Figure B-7) considers
the western portion of the OCS from Kalgin Island to the southern end of the Shelikof Straits to
have potential for Mesozoic stratigraphic plays. The Tertiary section is thin and the conditions
necessary for generation and accumulation of biogenic gas do not exist; hence, any potential
Tertiary stratigraphic traps are unlikely to be charged. Most gas potential in this area is
associated with the Mesozoic-sourced oil and would probably be found in Mesozoic structural
and stratigraphic traps with oil.

Deep Basin Plays: The aforementioned Mesozoic targets constitute the deeper

plays in this subbasin. There is no equivalent to the “Kitchen” prospects of the upper Cook Inlet.

2.6.2.3 Susitna Basin

A total of nine wells (ADNR, 2003a) have been drilled in the Susitna Basin, an area of
approximately 3,000 square miles (7,775 sq. km), for a density of one well per 330 square
miles (855 sqg. km). Even this density is deceptive since most of these wells have been drilled
in a small area just north of the Castle Mountain Fault (Figure 2.4). No basin-specific estimates

of gas reserves have been published for the Susitna Basin.
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The basin contains the younger portions of the Kenai Group, but it lacks the West
Foreland and Hemlock equivalents (ADNR, 2003a). The prospective Tertiary interval is at least
13,000 feet thick (Merritt, 1986, Figure 3). In contrast to the Cook Inlet Basin, the Jurassic oil-
prone source rocks have not been found in the subsurface or in outcrop. The presence of dry-
gas source rocks in the Susitna Basin, similar to those found in the Cook Inlet Basin, and the
apparent absence of oil-prone source rocks indicate that the potential for finding gas in the

Susitna Basin is much greater than for oil (Ryherd, 1997).

Structural Plays: The Susitna Basin has few rock exposures suitable for
mapping purposes and limited seismic control, but some broad low amplitude structures are
known to exist. Faulting associated with the Castle Mountain and other faults has developed
additional structural features that may act as traps (Merritt, 1986 Figure 3). The dominant
structural style of the Susitna Basin is a combination of graben and half-graben basement
faulting (ADNR, 2003a). Most if not all the exploration wells have been drilled on seismically
recognized structures. With the apparent lack of a Mesozoic oil-prone source-rock, the gas is
probably biogenic and thus only casually associated with structure. The structures are the
obvious plays of first choice, simply because they are easy to identify. The magnitude of
potential volumes of gas is unknown, but individual accumulations should be equivalent to the

intermediate size fields in the upper Cook Inlet (50 to 200 Bcf).

Stratigraphic Plays: The Susitna Basin is expected to have the same
relationship among source, reservoir, and trap type as seen in the upper Cook Inlet subbasin.
The area has abundant coals and coaly mudstones in the Tyonek, and potential fluvial and
alluvial fan reservoirs abound in the stratigraphic section. The potential for biogenic gas is
excellent and the quality of seals at relatively shallow depths is expected to be better than it is in
the upper Cook Inlet area. Accumulations may be expected to be in the tens to a few hundred
Bcf.

Deep Basin Plays: The Susitna Basin appears to lack plays of this type. The

pre-Tertiary source rocks have not been recognized and the Mesozoic basement is non-

prospective.
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2.6.3 Coalbed Natural Gas

Coalbed natural gas recently has been the focus of much attention in south-central
Alaska. Leasing and exploration in the Matanuska-Susitna area, specifically near Houston and
Sutton, has dominated the local press and politics. As a result, the state is taking a fresh look at
leasing policies and the regulatory structure for shallow gas or coalbed natural gas leasing and
exploration. Those issues aside, the Cook Inlet Basin and the Susitna Basin continue to be the

areas of primary interest for coalbed natural gas exploration.
2.6.3.1 Coal Quality and Quantity

Coal is abundant in portions of the Tertiary section of both the Cook Inlet and
Susitna basins and provides a potential source for large quantities of dry gas. The coal quality
and rank ranges from lignite or subbituminous to anthracite. Montgomery, et al. (2003, Figure
1) present a figure that shows the geographic distribution of coal by grade in the Greater Cook
Inlet Basin area. Semianthracite and anthracite are restricted to the Matanuska Valley coal
field. Bituminous coals are limited to the Wasilla-Houston area of the Susitna Basin along the
Castle Mountain Fault and to the western margin of the Susitna Basin, in the Beluga and
Yenona coal fields. By far the greatest portion of the basin is characterized by subbituminous

coals or even lignites.

These coals form a large resource totaling 0.5 trillion tons of bituminous and 1.0 trillion
tons of subbituminous rank (Merritt, and Belowich, 1984 and Merritt, and Hawley, 1986). Most
of the coal occurs in the Tyonek and Beluga formations, with locally significant volumes in the
Chickaloon Formation of the Matanuska Valley. Coals of bituminous and higher rank are
present at relatively shallow depths (<5,000 feet) only in the northeastern part of the basin. The
character of the basin’s coals are presented by Montgomery et al. (2003, Table 1). The greatest
volume of coal is found in the Tyonek where there are 30 or more seams ranging from 5 to 50
feet thick, totaling 300 feet of subbituminous C to bituminous coal. The Beluga coals are
subbituminous C in rank and range from 2 to 30 feet thick with a total of 125 feet. The Sterling

coals are lignites and generally less than 5 feet thick and total about 150 feet.
2.6.3.2 Exploration and Leasing

The potential for coalbed natural gas in the Cook Inlet Basin has been recognized for

more than a decade and there are nearly 1,000,000 acres, with coalbed natural gas potential,
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either leased or licensed in the uppermost regions or Cook Inlet and the Susitna basin. The
ADNR provided the first test of this potential when they drilled the AKDNR AK-94 CBM-1 well in
1994. This well was drilled near Wasilla and reached a total depth of 1,245 feet in the Tyonek
Formation. The first Cook Inlet exploration program targeting coalbed natural gas was initiated
in 1998 by Unocal and Ocean Energy (Dallegge, and Barker, 2002 and Montgomery, et al.,
2003). This program continued until late 2003 under the management of Evergreen Resources,
which discontinued the pilot program for the near term and embarked on a core test program.
The Alaska DOG and AOGCC have approved drilling plans and permits for a total of five core

holes in the area between Palmer and Willow (Petroleum News, 2003c).

Two separate programs are available for land acquisition, shallow gas leasing, and
exploration licensing. Shallow gas leasing has been utilized extensively in the Sutton area, the
Willow area, and in scattered parcels near Homer (Figure 2.9). The leasing program in the more
developed areas of the Matanuska-Susitna Borough has come under heavy criticism from the
local residents, many of whom do not own the subsurface mineral rights beneath the