Undiscovered Oil and

Gas Resources,
Alaska Federal
Offshore

OCS Monograph *~.
MMS 98-0054

edited by

Kirk W. Sherwood
James D. Craig
Larry W. Cooke
Richard T. Lothamer
Peter P. Johnson
Susan A. Zerwick
James Scherr
Bruce Herman
Dorothy McLean
Steve Haley

John Larson

John Parker
Richard Newman
C. Drew Comer
Susan M. Banet
Sally B. Hurlburt
Pete Sloan

Gary Martin
Warren L. Horowitz

Kirk W. Sherwood

U.S. Department of the Interior
Minerals Management Service
Alaska OCS Region

Anchorage, Alaska
1998



Summary, 1995 Assessment of Undiscovered Qil and Gas Resources

Alaska Federal Offshore
Conventionally Recoverable* Economically Recoverable**
Province 0il, bbo Gas, tcfg Oil,bbo | Gas, tefg
AA, Aleutian Arc - negligible negligible negligible negligible
ATNPAP, Aleutian Trench and North Pacific Aby.;sal Plain negligible negligible negligible negligible
BS, Beaufort Shelf 8.84 43.50 227 not available
BSDWB, Bering Sea Deep Water Basins negligible negligible negligible negligible
BSMB, Bering Shelf-Margin Basins negligible negligible neghgible negligible
CB, Chukchi Borderland negligible negligible negligible negligible
CBBS, Canada Basin-Beaufort Slope negligible negligible negligible negligible
ClI, Cook Inlet 0.74 0.89 0.27 not available
CS, Chukchi Shelf 13.02 51.84 1.14 not available
GOAS, Gulf of Alaska Shelf 0.63 4.18 0.05 negligible
HB, Hope Basin 0.11 4.06 negligible 0.12
NAB, North Aleutian Basin 0.23 6.79 0.02 0.88
NOB, Norton Basin 0.05 (ngh) 2.7 I negligible 0.02
NVB, Navarin Basin 0.50 6.15 negligible 0.04
SGB, St. George Basin 0.13 3.00 negligible 0.05
SKS, Shumagin-Kodiak Shelf 0.07 (ngl) 2.65 negligible negligible
SMHRB, St. Matthew-Hall Basin <0.01 (ng) ) 0.16 not evaluated not evaluated
TOTAL FOR ALASKA FEDERAL OFFSHORE 2431 12593 375 111
* risked, mean, undiscovered, conventionally recoverable oil and gas
hd risked, mean, undiscovered, economically recoverable oil and gas

bbe, billions of barrels of oil; tcfg, trillions of cubic feet of gas; ngl, natural gas liquids that are recovered with gas; mean values for

provinces may not sum to offshore total because of rounding
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SUMMARY OF ASSESSMENT RESULTS
1995 National Resource Assessment
Alaska Federal Offshore

U.S. Minerals Management Service

Kirk W. Sherwood, James D. Craig,
and Larry W. Cooke

1. SUMMARY OF RESULTS FOR ALASKA FEDERAL OFFSHORE

This report summarizes the Minerals
Management Service (MMS) 1995 assessment' of
the quantities of undiscovered oil and gas that lie
beneath 1.8 million square miles of submerged
Federal lands offshore of Alaska. Estimates
include both undiscovered conventionally
recoverable® resources, unconstrained by
economics, and undiscovered economically
recoverable® resources.

The Alaska offshore is estimated to offer a
mean potential for undiscovered, conventionally
recoverable oil and natural gas liquids of
24 billion barrels, with a 5-percent chance of oil
potential exceeding 34 billion barrels.
Undiscovered gas potential (mean value) is
estimated at 126 trillion cubic feet, with.a
5-percent chance of gas resources exceeding

'based on data available as of January 1995

20il, natural gas, and natural gas liquids recoverable
Jfrom a discrete subsurface pool into a well by natural flow
or pumping, or addition of pressure, using modern
extraction technologies. Resources not assessed include gas
in geopressured brines, tar deposits, oil shales, coal gas, or
gases in clathrates (gas hydrates).

3the undiscovered resource volume in each province
which, if discovered, could be produced profitably given
realistic estimates for costs of exploration, developmen,
production, and transportation

230 trillion cubic feet. Approximately 90 percent
of the undiscovered conventionally recoverable
oil in offshore Alaska occurs within the Chukchi
shelf (13 billion barrels) and Beaufort shelf

(9 billion barrels) provinces, part of the greater
Arctic Alaska oil and gas province. The Arctic
Alaska province has a discovered oil endowment
of 70 billion barrels (commercial reserves,

16.4 billion barrels) and presently produces about
1.5 million barrels per day through the Trans-
Alaska Pipeline System (TAPS).

Most of the undiscovered oil and gas in the
Alaska offshore occurs in accumulations too small
to warrant comumnercial exploitation at this time.
Only about 15 percent of the undiscovered oil
offshore Alaska could be profitably recovered at
prices approaching those that exist today. Most of
the economically recoverable oil resources occur
beneath the Beaufort shelf (2.27 billion barrels of
oil) and Chukchi shelf (1.14 billion barrels of oil).

Elsewhere in the Alaska offshore, only Cook
Inlet offers any economically recoverable oil, here
estimated at 0.27 billion barrels.

Most of the conventionally recoverable
gas resources occur beneath the Beaufort and
Chukchi shelves, but gas in these provinces is
considered uneconomic because no
infrastructure exists for transporting gas to
markets outside of Alaska.

1-Summary of results



This report summarizes the results of a 4-year
study involving a large MMS staff of
geoscientists, with technical input from industry,
academia, and other government agencies. This
assessment of the Alaska Federal offshore was
conducted as part of a national appraisal of all
Federal offshore lands in the United States
performed by the MMS concurrently with a U.S.
Geological Survey (USGS) assessment of all
onshore lands and submerged lands in State
waters (USGS, 1995). The MMS assessments are
conducted periodically (Cooke, 1985, 1991;
Cooke and Dellagiarino, 1989), and the results are
used to guide management of leasing and
exploration policies and programs in the Federal
offshore.

1-Summary of results

In Alaska, Federal waters generally extend
seaward of 3 miles from shore. For the purposes
of this assessment, the Alaska offshore was
divided into 17 provinces, located in figure 1.1
and plate 1.1. Eleven of these provinces, all on
the continental shelves, offer potential for
conventional supplies of oil and gas. Within these
11 assessment provinces, oil and gas endowments
were calculated for 74 exploration plays.

The quantities of oil and gas were calculated
using two computer models (GRASP and
PRESTO) that statistically analyze input data
provided as ranges of values reflecting different
probabilities for occurrence. These data are
drawn from a vast offshore database of
geophysically mapped prospects, data from
offshore wells, and development cost data
gathered over years of offshore work in Alaska.
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Figure 1.1: Alaska offshore assessment provinces, 1995 National Resource Assessment.




2. CONVENTIONALLY RECOVERABLE OIL AND GAS

Federal submerged lands offshore Alaska
offer a high potential for undiscovered,
conventionally recoverable oil and gas resources,
ranging up to 33.57 billions of barrels of oil
(BBO) and 229.53 trillions of cubic feet of gas
(TCFG) (5-percent probability). Most of these
undiscovered resources occur in the Beaufort
shelf and Chukchi shelf assessment provinces.
Mean (or average) estimates for the undiscovered
potential of the Alaska offshore are 24.31 BBO
and 125.93 TCFG. Assessment results for
subregions and assessment provinces are
summarized in table 2.1. Cumulative probability
distributions for undiscovered oil, gas, and total
hydrocarbon energy in barrels of oil-equivalent
(BOE) for the Alaska Federal offshore are shown
in figure 2.1. »

The Beaufort shelf and Chukchi shelf
assessment provinces contain 90 percent of the
undiscovered oil resources and 79 percent of the
undiscovered gas resources (compared at mean
values) of the entire Alaska offshore. The high
proportion of offshore oil and gas resources
estimated to be present in the Arctic offshore
provinces is consistent with the fact that
92 percent of Alaska’s onshore commercial oil
reserves occur in northern Alaska'. The

'No gas reserves in Arctic Alaska are presently
commercial because there is no transportation
infrastructure. However, the untapped reserves in the
Prudhoe Bay area amount to about 28.2 TCFG
(AKDO&G, 1995), or about three times the commercial
gas reserves in all of the Bering shelf or the Pacific
margin (essentially Cook Inlet).

7

dominance of the Arctic in the distributions of
both offshore undiscovered resources and proven
onshore reserves simply reflects the rich
endowment of Arctic Alaska and adjoining
continental shelves with the key ingredients for oil
and gas accumulations—prolific source rocks,
excellent reservoir rocks, and numerous potential
traps of large areal dimensions.

Among the provinces of the Arctic subregion,
the sparsely explored Chukchi shelf offers the
highest potential for undiscovered resources, with
a 5-percent chance for recoverable oil resources
as high as 21.94 BBO (table 2.1). Navarin basin,
owing to its large size and an abundance of large
potential traps, offers the greatest potential of the
gas-prone provinces of the Bering shelf
subregion. Among provinces of the Pacific
margin subregion, Cook Inlet offers the greatest
potential for remaining undiscovered oil reserves
in Federal waters.

Very small quantities of liquid hydrocarbons
are reported in the assessments of Norton basin,
St. Matthew-Hall basin, and Shumagin-Kodiak
shelf provinces. These three provinces were
modeled as offering potential for gas only. The
volumes reported as oil are therefore actually
natural-gas liquids or condensate derived as a by-
product of gas production.

2-Conventionally recoverable resources
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TABLE 2.1
RISKED, UNDISCOVERED, CONVENTIONALLY RECOVERABLE OIL AND GAS
AREA OIL AND NGL (BBO) GAS (TCFG) BOE (BBO) MPhc
F95 Fo0S F95 FO5 F95 FOS
ALASKA OFFSHORE 16.85 33.57 $8.01 229.53 28.68 70.61 1.00
ARCTIC SUBREGION 14.68 3118 38.02 20113 22.52 63.25 1.00
BERING SHELF SUBREGION 0.36 1.81 6.98 38.64 1.65 8.57 1.00
PACIFIC MARGIN SUBREGION 0.72 2.49 2.12 18.34 115 5.50 1.00
ARCTIC SUBREGION
CHUKCHI SHELF 6.80 21.94 981 |} 141.75 8.59 4475 1.00
BEAUFORT SHELF 6.28 11.96 20.10 79.15 10.29 24.84 1.00
HOPE BASIN 0.00 0.34 0.00 12.67 0.00 2.59 0.61
BERING SHELF SUBREGION
NAVARIN BASIN 0.00 1.21 0.00 18.18 0.00 441 0.88
N. ALEUTIAN BASIN 0.00 0.57 0.00 17.33 0.00 3.62 0.72
ST. GEORGE BASIN 0.00 041 0.00 9.72 0.00 2.14 0.94
NORTON BASIN 0.00 0.15 0.00 8.74 0.00 1.70 0.72
ST. MATTHEW-HALL 0.00 <0.01 0.00 0.69 0.00 0.13 0.44
PACIFIC MARGIN
COOK INLET 032 139 || o040 1.65 039 1.68 1.00
GULF OF ALASKA 0.18 1.43 094 10.59 036 327 0.99
SHUMAGIN-KODIAK 0.00 029 0.00 11.35 0.00 230 0.40

BBO, billions of barrels of oil and natural gas liquids; TCFG, trillions of cubic feet; BOE, total oil and gas in billions of energy-equivalent barrels (5,620 cubic feet of gas=1 energy-
equivalent barrel of 0il); reported MEAN, resource guantities at the mean in cumulative probability distributions; F95, the resource quantity having a 95-percent probability of being met or
exceeded; FO3, the resource quantity having a 5-percent probability of being met or exceeded; MPhc, marginal probability for hydrocarbons for basin, i.e., chance for the existence of at least one
pool of undiscovered, conventionally recoverable hydrocarbons somewhere in the basin. Resource quantities shown are risked, that is, they are the product of multiplication of conditional
resources and Mphc. Mean values for provinces may not sum to values shown for subregions or region because of rounding. All liquid resources in Norton basin, St. Matthew-Hall basin, and
Shumagin-Kodiak shelf are natural gas liquids that would only be recovered by natural gas production.
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3. ECONOMICALLY RECOVERABLE OIL AND GAS

The economic phase of the 1995 assessment
estimates the undiscovered resource volume in
each province which, if discovered, could be
produced profitably given realistic estimates for
costs of exploration, development, production,
and transportation. The quantities of
economically recoverable resources are generally
a minority fraction of the much larger estimates
for conventionally recoverable resources. Only
8.5 percent of the conventionally recoverable
resources on a barrels-of-oil-equivalent (BOE)
basis are estimated to be economically
recoverable at current oil prices.

The resources that are economically
recoverable from the Alaska Federal offshore are
shown in table 3.1. Economic volumes of oil and
gas for provinces are reported at commodity
prices of $18 per barrel (oil) and $2.11 per
thousand cubic feet (gas), or approximately
current market prices.

Ninety-one percent of the economic oil* of
the Alaska offshore occurs in the Beaufort and
Chukchi shelf assessment provinces. The other
nine provinces account for the remaining
9 percent. ‘

Most of the undiscovered conventionally
recoverable offshore gas also occurs in the Arctic
(tbl. 2.1), but none of this gas is considered
economic at this time. No gas transportation
system exists to carry gas from Arctic Alaska to a
southern market, and several gas fields (about
28 trillion cubic feet of gas reserves) near the
head of the existing oil pipeline transportation
corridor already await development. These huge
onshore gas fields will surely fill any newly
constructed gas line for some years to decades
following construction. Therefore, it is very

lrisked, mean, undiscovered, economically
recoverable oil at a delivered price of $18 per barrel

unlikely that development of new Arctic offshore
gas fields will occur in the foreseeable future. For
these reasons, we conclude that the Beaufort and
Chukchi shelf assessment provinces offer no
economic gas resources at the present time.
Other than the Beaufort and Chukchi shelf
provinces, only the Cook Inlet province is likely
to contain economically viable oil resources at
current prices. Although the geologic resources
are modest compared to the Arctic, the proximity
to existing infrastructure and potential markets
contributes to reduced development costs in the
Cook Inlet province. As in the Beaufort and
Chukchi provinces, the economic assessment for
the Cook Inlet considered only oil production,
largely because all of the undiscovered
accumulations were modeled as oil pools overlain
by gas caps. To optimize oil recovery, produced
gas would be reinjected for reservoir pressure
maintenance and no gas would be extracted for
sale from the gas cap. Only decades later, after
exhaustion of the oil reserves, would offshore oil-

‘production platforms be converted to allow

recovery of the gas reserves.

The remainder of the Alaska offshore
provinces are generally gas-prone and lack
production and transportation infrastructure.

The small volumes of oil listed for most of the
gas-prone provinces are largely natural gas liquids
that would only be recovered as a by-product of
gas production. Because potential markets are in
the western Pacific Rim, produced gas must be
shipped to market as liquefied natural gas (LNG).
The substantial costs of constructing an LNG
infrastructure typically cannot be supported by the
relatively small gas fields in these remote, high-
cost locations. Of the gas-prone assessment
provinces in the Bering shelf subregion, the North
Aleutian basin is estimated to contain the
majority—79 percent—of the economically

3-Economically recoverable resources



recoverable gas of the entire Alaska offshore.

The relative chances for economic success
among the Alaska offshore provinces are
indicated by the ratio of economically recoverable
BOE (barrels-of-oil equivalent, oil and gas
combined) resources to conventionally
recoverable BOE resources, shown as the E/C
values in table 3.1. The BOE E/C values range
from 0.30 in Cook Inlet to negligible (less than
0.01) in Navarin basin. This suggests that many
undiscovered pools in Cook Inlet are large
enough to support relatively low-cost
development, whereas the undiscovered
hydrocarbon pools in Navarin basin, though
perhaps large, are typically too small to support
the relatively high costs of development in that
remote area. Navarin basin offers essentially no
economic potential despite the fact that it offers
the highest total geologic endowment outside the
Arctic (1.59 BBOE, tbl. 2.1). The BOE E/C
ratios (tbl. 3.1) identify the Cook Inlet, Beaufort
shelf, and North Aleutian basin assessment
provinces as those offering the highest
reward/risk opportunities.

All provinces were assessed on a stand-alone
basis, with no sharing of development
infrastructure between adjacent provinces. For
some provinces (Beaufort, Chukchi, and Cook
Inlet) at least some existing infrastructure was
utilized for the simulated development of
undiscovered fields. Otherwise, new
infrastructure was designed and entirely
supported by production from each province in
the economic models. Sensitivity tests, where
several provinces shared infrastructure costs (for
example, LNG facilities), generally resulted in
improved economic viability. Despite shared
infrastructure strategies, most of the gas-prone
provinces nevertheless remain subeconomic at
mean resource volumes and current commodity
prices. However, it must be emphasized that in
any of these subeconomic provinces, economic
resources could be recovered from unusually
large pools (less likely to exist than mean sizes) or
at commodity prices above current levels.

Economic results are summarized in price-

3-Economically recoverable resources

supply graphs produced by the PRESTO-5
computer program. These graphs illustrate the
volumes of resources that could be profitably
recovered, if discovered, across a range of
commodity prices. Price-supply graphs for those
three provinces that offer economic oil at current
($18) oil prices are given in figures 3.1, 3.2, and
3.3, for the Beaufort shelf, Chukchi shelf, and
Cook Inlet.2ssessment provinces, respectively.
Price- supply graphs for 10 Alaska offshore
provinces are provided in separate chapters later
in this report. :
The three curves shown on each price-supply
graph illustrate the range of risked economic
potential, with exceedance probabilities ranging
from 95 percent (low-side potential) to 5 percent
(high-side potential). These estimates are risked,
they include both the geologic risk that resources
are actually present and recoverable as well as the
economic risk that the simulated development
leads to profitable production at the prices shown.
The Beaufort shelf results for the low case
(F95, or 19 in 20 chance of occurrence) predict
that at least 0.72 billion barrels of oil (BBO) are

* economically recoverable at an oil price of $18

12

per barrel (fig. 3.1¢). The high case (F05, or 1 in
20 chance) predicts an undiscovered economic
potential (at $18) of at least 4.44 BBO, or 6 times
larger than the low case. The mean case has an
average or expected economic potential of
2.27 BBO at $18. The ratio of economic to
conventionally recoverable oil in Beaufort shelf
province is 0.26, second only to Cook Inlet oil at
0.36. Beaufort shelf assessment province clearly
offers good opportunity for future commercial
developments at reasonable levels of risk.

The Chukchi shelf price-supply curves
(fig. 3.2¢) support the widely held perception that
higher prices will be required to overcome higher
development costs in that remote comer of the
Arctic offshore. For example, in the low case,
any commercial development in Chukchi shelf will
require oil prices above $27 per barrel (in
constant 1995 dollars). A broad envelope
surrounds the mean case, with a high case
(4.48 BBO) nearly 4 times larger than the mean
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TABLE 3.1
RISKED, UNDISCOVERED, ECONOMICALLY RECOVERABLE OIL AND GAS

AREA OIL (BBO) GAS (TCFG) BOE (BBO) E/C
F95 FO0S F95 FOS F95S FOS
ALASKA OFFSHORE 141 765 0.02 433 1.43 8.20 0.08
ARCTIC SUBREGION 113 7.25 0.00 0.00 115 731 0.09
BERING SHELF SUBREGION 0.00 0.22 0.00 10.82 0.00 2.11 0.04
PACIFIC MARGIN SUBREGION 0.00 0.79 0.00 0.01 0.00 0.80 0.11
ARCTIC SUB
CHUKCHI SHELF 0.00 448 N/A N/A 0.00 4.48 0.05
BEAUFORT SHELF 072 4.44 N/A N/A 0.00 4.44 0.14
HOPE BASIN 0.00 0.00 0.00 0.00 0.00 0.00 0.04
BERING SHELF SUBREGION
NAVARIN BASIN 0.00 0.00 000 | | 000 0.00 0.00 negl
N. ALEUTIAN BASIN 0.00 0.20 0.00 7.7 0.00 1.77 0.13
ST. GEORGE BASIN 0.00 0.00 0.00 0.00 0.00 0.00 0.02
NORTON BASIN 0.00 0.00 0.00 0.00 0.00 0.00 negl
ST. MATTHEW-HALL NE NE N/E N/E NE N/E NE
PACIFIC MARGIN SUBREGION
COOK INLET 0.00 071 N/A N/A 0.00 0.1 0.30
GULF OF ALASKA 0.00 030 0.00 negl 0.00 0.30 0.04
SHUMAGIN-KODIAK 0.00 0.00 0.00 0.00 0:00 0.00 neg)

ECONOMIC ASSUMPTIONS: 1995 base year, $18 per barrel oil price, $2.11 per thousand cubic feet (MCF) gas price, 0.66 gas value discount, flat real prices and costs, 3% inflation,
12% discount rate, 35% Federal tax rate; units of BBO, billions of barrels; TCFG, trillions of cubic feet; BOE, total oil and gas in billions of energy-equivalent barrels (5,620 cubic feet of
gas=1 energy-equivalent barrel of 0il). Oil resources include crude oil and natural gas liquids (NGL). Gas resources include nonassociated dry gas and associated solution gas. All
provinces analyzed on a stand-alone basis. N/A refers to Not Available (lacking transportation infrastructure and/or market). N/E refers to Not Evaluated because of very low resource
potential. Negl refers to negligible (less than significant figures listed). E/C is ratio of risked, mean economically recoverable BOE to risked, mean conventionally recoverable BOE (from table
2.1). Mean values for provinces may not sum to values shown for subregions and region because of rounding.




case (1.14 BBO) at $18 per barrel. The high-case
oil potential of Chukchi shelf (4.48 BBO) is
nearly the same as the high-case potential for
Beaufort shelf (4.44 BBO). However, the
fraction of economic to conventionally
recoverable oil for the Chukchi shelf'is 0.09, only
about a third of that for Beaufort shelf (0.26),
suggesting that commercial discoveries at $18 per
barrel are much less likely in Chukchi shelf.
Despite the large potential rewards, the
comparatively low chance for economic success
on Chukchi shelf, mostly owing to greater costs,
is likely to dampen exploration interest.

The mean case for the price-supply analysis
for Cook Inlet (fig. 3.3¢) indicates 0.27 BBO of
economic oil potential, much more modest than
either the Beaufort (2.27 BBO) or Chukchi
(1.14 BBO) shelf assessment provinces. The
high-case potential for Cook Inlet exceeds
1.0 BBO at theoretical prices approaching $50
per barrel. The ratio of economic to
conventionally recoverable oil is 0.36 (fig. 3.3b),
suggesting that a significant fraction of the Cook
Inlet oil resources occur in commercial-sized
fields.

These estimates for undiscovered economic
resources in all provinces assume extensive
exploration drilling programs and discovery of all

3-Economically recoverable resources
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commercial deposits. This is very unlikely for a
number of reasons. Given the low chance of
commercial success coupled with the high cost of
exploration, most of these provinces are not likely
to be thoroughly tested in the foreseeable future.
The few exploration wells that may be drilled in
these immense geographic areas could easily fail
to discover the rare commercial-sized pools.
Economically recoverable resource estimates
should be viewed as future commercial
opportunities, rather than as discovered oil and
gas reserves awaiting only a sufficient rise in oil
prices to spark development.

This summary of the economic assessment for
the Alaska offshore has focused on provinces
likely to have recoverable oil at current
commodity prices. However, many Alaska
Federal offshore provinces contain no
economically recoverable resources for the
average (mean) case at current oil and gas prices.
Future leasing and exploration activities in these
presently subeconomic provinces will surely be
driven by expectations of high-side potential,
which assumes greater reward potential at higher
risk, significantly higher prices, and perhaps
innovative technology to reduce development
costs.
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Figure 3.1: Economic Results for Beaufort shelf assessment province. (A) Cumulative frequency
distributions for risked, undiscovered conventionally recoverable resources; (B) Table comparing
results for conventionally and economically recoverable oil and gas; (C) Price-supply curves for risked,
economic oil at low (F95), mean, and high (FOS) resource cases.
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distributions for risked, undiscovered conventionally recoverable resources; (B) Table comparing
results for conventionally and economically recoverable oil and gas; (C) Price-supply curves for risked,
economic oil at low (F95), mean, and high (FOS) resource cases.

BOE, total oil and gas in energy-equivalent barrels; MPhc, marginal probability for occurrence of
pooled hydrocarbons in basin; BBO, billions of barrels; TCFG, trillions of cubic feet.
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Figure 3.3: Economic Results for Cook Inlet assessment province. (A) Cumulative frequency
distributions for risked, undiscovered conventionally recoverable resources; (B) Table comparing
results for conventionally and economically recoverable oil and gas; (C) Price-supply curves for risked,
economic oil at low (F95), mean, and high (FOS) resource cases.

BOE, total oil and gas in energy-equivalent barrels;, MPhc, marginal probability for occurrence of
pooled hydrocarbons in basin; BBO, billions of barrels; TCFG, trillions of cubic feet.
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4. COMPARISON TO PAST ASSESSMENTS

The 1995 Minerals Management Service
(MMS) assessment of the Alaska offshore
produced significantly different resuits from
assessments completed in 1984 (Cooke, 1985),
1987 (Cooke and Dellagiarino, 1989), and 1990
(Cooke, 1991). The difference in results when
compared with these three previous assessments
cannot be traced to a single, simple cause. The
latest assessment incorporates major changes to
the basic database, as well as numerous changes
in methodology, definitions, and quantitative
economic assumptions. Although the net effect of
these changes varied for each assessment
province, the current assessment can be
characterized as broader in scope and more
optimistic than previous MMS assessments.

Even though previous assessments were
conducted very differently, comparisons with the
1995 assessment are inevitable and can be a
natural first step to determine the magnitude of
change and identify possible causes. As an
introduction to topics covered in this chapter,
table 4.1 summarizes several key differences
among MMS assessments. The most comparable
clements of the 1984, 1987, 1990, and 1995
assessments are compiled in tables 4.2 (oil) and
4.3 (natural gas).

1984 ASSESSMENT

A review of the evolutionary path of MMS
resource assessment methodology places the
current assessment in context and suggests
reasons for the changes observed over time.
When the Secretary of the Interior originally
established the MMS in 1982, the new bureau’s
Resource Evaluation Office was created in large
part from the U.S. Geological Survey (USGS)
Conservation Division, which had been
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responsible for oil and gas leasing in the Federal
Outer Continental Shelf (OCS) and for estimating
the oil and gas potential of specific tracts.
Areawide or province' estimates of oil and gas
potential had been the purview of the USGS
Geologic Division. With the creation of a bureau
focused on OCS oil and gas leasing and
development in an environmentally safe manner,
all resource assessment and evaluation activities
in support of the OCS program, including
areawide resource estimates, were transferred to
MMS. :

The first systematic assessment of all offshore
areas published by MMS in 1984 (Cooke, 1985)
produced estimates of undiscovered,
economically recoverable oil and gas resources

'Prospects are the smallest geologic feature assessed.
A tract is an element of a man-made grid, used to identify
areas for leasing. Often in Alaska, prospects are large
enough to extend into several tracts. A geologic play
contains geologically related prospects, having a similar
hydrocarbon source, reservoir, and trapping mechanism.
A basin is a large downwarped region serving as a center
of sediment deposition. It can contain numerous plays. A
geologic province is a large area or region unified
geologically by means of a single dominant structural
element or a number of contiguous elements. A province
could be defined to contain a single basin or may contain
several related or similar basins. Area is the most all-
encompassing term and can be used to describe an
administrative unit, such as the Beaufort Sea Planning
Area. Offshore areas offered for lease are organized by
administrative planning areas. When speaking in general
terms, “areawide,” “basinwide,” and “province”
estimates are sometimes used interchangeably even
though they have distinct meanings. Certain “areas”
contain a “province” with one “basin.” The point in this
general text is to distinguish large scale
(area/province/basin) estimates from the very specific,
small scale (prospect) estimates. Play estimates represent
an intermediate level between the two extremes.

4-Comparison to past assessments



TABLE 4.1

KEY DIFFERENCES: MMS ASSESSMENTS

ASSESSMENT 1984 1987/1990 1995
{ Models Used PRESTO 1 PRESTO 3 GRASP / PRESTO §
| Economics-Free No Yes Yes n
Scenario?
Economically Base ($29/bbl; Base ($18/bbl; Price-Supply Curves
| Recoverable $4.56/Mcf) $1.80/Mcf)
] Cases High ($30/bbl;
$3.00/Mcf)
Level of Focus Prospect Prospect Play Analysvis
(organized by plays) (with prospects)
[ Prices Ramped Ramped Flat
| Unidentified No Yes Yes
| Prospects?
| Assessment Planning Areas Geologic Provinces Redefined Geologic
| Areas and Planning Areas Provinces
Defining —First MMS systematic —3 economic assessments ~More plays, prospects
|’ Characteristics asscssment —Broader perspective —Leower geologic risks
| —Focus on near-term —Models directly linked
potential —P-S curves

under a single set of economic assummptions
representing the prevailing conditions. This initial
focus by MMS on economic potential is not
surprising, given a background heavily based on
evaluation of economically viable projects
proposed for leasing and development. This first
MMS assessment met a near-term goal of
identifying areas of high oil and gas resource
potential to assist with developing the 1982 to
1987 5-year offshore oil and gas leasing program
(MMS, 1982).

Areawide resource assessments (as opposed
to prospect evaluations for specific lease sales)
were a new function for MMS, so the National
Research Council of the National Academy of

4-Comparison to past assessments
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Sciences was contracted to review the MMS
1984 resource assessment methodology. The
National Academy of Sciences review was
generally favorable and stated that the MMS
method was “systematic, documentable, and
theoretically sound” (National Research Council,
1986, p. 29). A number of specific, helpful
suggestions for improvement were offered,
including: (1) pursuing a grouped-prospect play
assessment methodology compatible with existing
models; (2) reporting the undiscovered resource
base and the economically attainable potential; (3)
developing a systematic process for including
potential from postulated (unmapped or
unidentified) prospects; and (4) explaining



differences between current and previous
assessments. Subsequently, MMS revised its
assessment methodology, incorporating the
suggestions from the National Academy of
Sciences.

1987 ASSESSMENT

In 1986, concern over price volatility and its
impact on developable resources was heightened
after a dramatic decrease in oil prices. To
quantify the effects of prices on undiscovered
resource estimates, MMS broadened the 1987
resource assessment to include three categories of
estimates: (1) the undiscovered resource base,
which indicated the technically recoverable,
geologic potential by removing economic
constraints; (2) a primary economic case, based
on prevailing economic conditions, and (3) an
alternative economic case, based on a significantly
higher, but still realistic, set of economic
conditions. These three categories of estimates
show a spectrum of possible results and allow
estimation of results at other prices through
interpolation. This was a true National
Assessment, with the USGS assessing
undiscovered resources onshore and in State
waters and the MMS assessing the Federal
offshore.

Following a period of intense leasing and
exploration, Alaska exploration activity peaked in
the mid-1980's, with several discoveries in the
Beaufort Sea, none regarded as commercial at
that time. A number of factors occurred that led
to significant changes from the 1984 Alaska
offshore assessment to the 1987 assessment:

e The Arctic offshore had been viewed as

having high resource potential, but several oil

discoveries resulting from the exploration
effort, all confined to the Beaufort Sea, were
subeconomic at the time. Finally, the

petroleum industry explorers suffered a

“significant emotional event” with the

disappointing outcome of the Mukluk

prospect exploratory well. Roughly
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$1.5 billion had been spent to acquire
exploration leases on this large and attractive
prospect. The prospect was condemned by a
single $140 million exploration dry hole,
plugged and abandoned in 1983. This event,
followed by an oil price crash in 1986, had a
crippling effect on oil industry attitudes
towards Alaskan offshore exploration, at least
in the short term. The exploration results at
Mukluk and elsewhere in the Beaufort Sea
impacted the 1987 assessment by increasing
geologic risks. The collapse in oil prices
increased economic risk. The decrease in gas
prices condemned Alaskan gas prospects as
uneconomic (at least under base case
assumptions), further increasing overall
economic risk for commercial development.

® The Bering Sea planning areas underwent
their first extensive exploration cycle, with the
largest and most promising prospects being
drilled first, with fairly dismal results.
Twenty-four exploratory wells were drilled in
the Bering Sea during the interval between the
1984 and 1987 assessments. None were
deemed capable of producing in paying
quantities. Resource estimates for the Bering
Sea provinces were drastically reduced
because of information gained from
exploration. The Bering Sea subregion was
viewed as gas prone for the 1987 assessment,
condemning the near term economic viability
for the area, as reflected by a subsequent lack
of industry interest in leasing or exploration.
® In the Pacific Margin subregion,

~ exploration in the Federal portion of the Cook

Inlet had disappointing results, and the drilling
of large prospects in the Gulf of Alaska had
failed to discover producible hydrocarbons.
The major exploration effort in the Federal
offshore had occurred prior to the 1984
assessment (22 wells in Cook Inlet and Guif
of Alaska; three more were drilled in Cook
Inlet between the two assessments). Changes
to the economic assumptions for the 1987
assessment had the most significant impact on
the overall results for this subregion.

4-Comparison to past assessments



The combination of these factors reduced
resource estimates for the Alaska offshore 1987
assessment as compared with the 1984
assessment. Despite negative drilling results and
- lower oil and gas prices, representatives of the
natural gas industry questioned the lower gas
resource estimates found in the 1987 assessment.

In response to gas industry concerns, the
Secretary of the Interior asked the Association of
American State Geologists to review the geologic
information used in the assessment. After a series
of regional workshops, the Association of
American State Geologists submitted their
findings, which included the following summary
statement regarding the assessment of the Federal
Offshore: “The assessment of undiscovered,
conventionally recoverable oil and gas resources
on the Outer Continental Shelf (OCS) is
supported by an adequate data base, personnel
with suitable expertise and training, and a
disciplined, structured process that produces
results that inspire confidence.” (AASG, 1988,

p. 2).

In addition to the review of geologic
information by the Association of American State
Geologists, the Secretary also requested the
National Research Council of the National
Academy of Sciences to review the assumptions
and procedures employed by both USGS and
MMS in the assessment. In contrast to the
conclusions reached by the State Geologists, the
National Academy of Sciences committee stated
after reviewing the assessment methodology
«_..that there may have been a systematic bias
toward overly conservative estimates.
Eliminating the probable sources of this bias will
improve the accuracy and credibility of future
assessments.” (National Research Council, 1991,
p. 4).

Key areas of concern identified by the
National Academy of Sciences committee
included (1) play definition, (2) conceptual plays,
(3) dependencies among variables (particularly
with respect to risking), and (4) unintended
imposition of economic constraints on the
technically recoverable resources.

4-Comparison to past assessments
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1990 ASSESSMENT

In preparation for developing a new 5-year oil
and gas OCS leasing program for 1992 to 1997,
MMS reviewed the 1987 National Assessment in
1989 to determine whether estimates were still
valid. In 1990, MMS updated the 1987 offshore
assessment by changing resource estimates for
five planning areas (out of 26), where significant
new data had become available since 1987. Three
of those areas were in Alaska: Beaufort Sea,
Chukchi Sea, and Hope Basin. Additional seismic
data had become available, and extensive mapping
efforts associated with scheduled lease sales were
largely completed. The wealth of newly mapped
prospects in these areas warranted an assessment
update. Other offshore areas did not have
significant new data, and an update of oil and gas
potential was not warranted.

199S ASSESSMENT

The recommendations from the National
Academy of Sciences, described above, were not
released until after the 1990 assessment (National
Research Council, 1991). The Academy
recommendations were addressed by major
modeling changes for the 1995 assessment, as
described further in Chapters 9. This most recent
assessment has evolved from the experiences
gained from all previous MMS assessments.

The first concern mentioned in the National
Academy of Sciences review was play definition.
To improve play definitions, two previous
National Academy of Sciences reviewers of the
MMS assessment methodology, Dr. David A.
White and Dr. Richard M. Proctor, were
contracted to advise MMS for the 1995
assessment. The 1987 assessment recognized
play groupings, but databases were constructed at
the prospect level. Prospect results were
aggregated into play endowments by the model.
In the 1995 assessment, geologic plays were
clearly defined as genetic groupings of prospects.



TABLE 4.2
OIL RESOURCES

COMPARISON TO PREVIOUS MMS ASSESSMENTS,
TOTAL ALASKA FEDERAL OFFSHORE,

RISKED MEAN VOLUMES
(Billions of barrels)
| ASSESSMENT 1984 1987 1990 1995
CONVENTIONALLY
RECOVERABLE NA 3.84 NA 2431
ECONOMICALLY
RECOVERABLE 3.33 0.92 1.87 3.75
(BASE CASE)
ECONOMICALLY
RECOVERABLE NA 1.61 2.54 6.71
(ALTERNATIVE
HIGHER CASE)

NA - Not Assessed

1984 data from Cooke, 1985, MMS 85-0012, p.17.
--Base case starting oil price $29/bbl

1987 data from Cooke and Dellagiarino, 1989, MMS 89-0090, p.43 (conv. rec.); p.34 (econ. base.); p.39 (econ. high).

—Base case starting oil price $18/bbl
—~Higher case starting oil price $30/bbl

1990 data from Cooke, 1991, MMS 91-0051, p. 20 (econ. base.); p. 27 fecon. high).
--Starting oil prices unchanged from 1987 assessment.

1995 data - this publication
—-Base case starting oil price $18/bbl
--Higher case starting oil price $30/bbl

Databases and model runs were constructed at the
play level. Play definitions were reviewed and
approved by the consultants, MMS Headquarters
personnel, and all assessors, before any
assessment work began. Initially, many more
plays were defined than in previous assessments.
As the assessment progressed and geologic model
data were developed, some plays were merged,
based on shared geologic characteristics.

External feedback was obtained by presenting
play definitions and summaries of geologic input
distributions in a peer review meeting attended by
industry and government representatives. MMS
felt it was important to invite peer review of plays
before running the computer programs, when the
focus naturally shifts to the results.
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The second concern raised by the National
Academy of Sciences committee related to the
inadequate representation of conceptual plays in
the previous assessment. This concern was
addressed in two ways. The first was by the
inclusion of entirely speculative, untested plays
with no seismically defined prospects (ignored in
prior assessments). The second way was by
estimating numbers of unmapped or conceptual
prospects for all plays, even those with mapped
prospects. In the latter case, the number of
mapped prospects anchored the lower end value
for the number of prospects probability
distribution. Assessors then estimated a
maximum conceivable number of prospects in the

4-Comparison to past assessments



TABLE 4.3
GAS RESOURCES

COMPARISON TO PREVIOUS MMS ASSESSMENTS,
TOTAL ALASKA FEDERAL OFFSHORE,

RISKED MEAN VOLUMES
. (Trillions of cubic feet)
l ASSESSMENT 1984 1987 1990 1995
CONVENTIONALLY
RECOVERABLE NA 16.75 NA 125.93
ECONOMICALLY
RECOVERABLE 13.85 0.00 0.00 1.11
(BASE CASE)
ECONOMICALLY
RECOVERABLE NA 5.91 7.82 2.22
(ALTERNATIVE
HIGHER CASE)

NA - Not Assessed

1984 data from Cooke, 1985, MMS 85-0012, p.17.
--Base case starting gas price $4.56Mcf

1987 data from Cooke and Dellagiarino, 1989, MMS 89-0090, p.43 (conv. rec.); p.34 (econ. base.); p.39 (econ. high).

--Base case starting gas price 31 80Mcf
--Higher case starting gas price $3.00Mcf

1990 data from Cooke, 1991, MMS 91-0051, p. 20 (econ. base.); p. 27 (econ. high).

--Starting gas prices unchanged from 1987 assessment.

1995 data - this publication
--Base case starting gas price $2.11/Mcf
--Higher case starting gas price $3.52/Mcf

play, which became the upper end value of the
number of prospects distribution.

The third concern expressed by the National
Academy of Sciences was their perception that
probabilistic dependence was inadequately
considered in the 1987 assessment. If two events
are totally independent, the probability that both
will occur is computed by multiplying the
probabilities of each event occurring. If one event
occurring increases (or decreases) the likelihood
of another event occurring, then a positive (or
negative) dependency exists. Properly computing
combined probabilities between variable
~ distributions having full or partial dependencies
demands a more complex computer model.

The issue of dependency arises in three
contexts: .

4-Comparison to past assessments

1. Risking - The probabilistic models used in
the assessment require estimates of the risks
that individual pools are dry (contain no oil or
gas resources), and the risk that the entire
plays are dry (all potential prospects do not
contain oil or gas pools because of the
absence of one or more critical geologic
factors). Probabilities are estimated for
geologic factors that control the likelihood of
an oil or gas accumulation, such as presence
of source rocks, migration of hydrocarbons,
timing, presence of an adequate reservoir, and
preservation. The assumption of
independence for these geologic events could
overestimate the final estimate of risk, and
result in lower resource estimates. This
concern was addressed in the 1995 MMS



assessment by revising risking techniques to
purposely avoid the possibility of treating
dependent factors as independent. New
risking sheets were adopted by MMS to
provide a systematic framework to guide
assessors through the risk estimation process.
The risking methodology is fully described in
Chapter 10.

2. Dependencies among variables used to

compute resources - Dependencies do exist
among variables used to compute oil and gas

resources. For example, reservoir porosity
and water saturation could have a strong
inverse correlation, where high porosity
values are associated with low values for
water saturation. Older MMS models have
allowed assessors to impose correlations on
geologic variables. Assuming independence of
the variables results in narrower distributions
of resources. However, testing has shown
that strong correlations are required to have
any significance to final resource distributions.
The geologic model used in the 1995
assessment allows assessors to inspect
intermediate outputs to determine that ranges
are not inappropriately constrained. If the
variance is too narrow, then assessors have
the option of modifying distribution statistics
and rerunning the module until they are
satisfied that the output range of values is
sufficiently wide to ensure that the actual
volume of resources is included.

3. Dependencies among plays being
aggregated to the province level - In most
cases, plays will be independent by definition.
However, shared factors, such as a common
source for hydrocarbons, indicate a
dependency that should be recognized and
accommodated by the model. This concern
was addressed by the program used to
aggregate play results in the 1995 assessment,
which helped ensure reasonable output ranges
by allowing assessors to specify the degrees of
dependencies among plays, from total
independence to total dependence (see
Chapter 9, FASPAG program). Total
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independence has the narrowest range of
output results, whereas total dependence has
the widest output distribution.

The fourth concern expressed by the National
Academy of Sciences was that economic
constraints were inadvertently imposed on the
conventionally recoverable resources. For the
1995 assessment, minimum values for the
distributions of geologic variables were based
solely on geologic criteria, without consideration
of economic viability. In earlier assessments,
entire prospects were deleted from the databases
by economic screens. Deleted prospects were
deemed subeconomic for several reasons: they
had insufficient acreage or net pay to be
economically viable; they were located at a depth
considered too shallow (less than 3,000 feet),
requiring too many costly wells or platforms; or
they were too deep (greater than 20,000 feet)
with high drilling costs. In the 1995 assessment,
all prospects were retained and economic
constraints were applied only in the economic
model. This allowed highly speculative plays to
contribute to the geologic resource endowment.
Also, removing economic criteria from geologic
risking increased the geologic chance of success
for most plays and provinces. As a result,
estimates of risked, conventionally recoverable
resources increased significantly in the 1995
assessment. Resource volumes from smaller
pools were eliminated only after a discounted
cash flow analysis showed a negative present
worth. Specific modeling changes are described
in Chapter 9, Computer Models Used to
Calculate Oil and Gas Potential.

The changes suggested by the National
Academy of Sciences and incorporated by the
MMS enhanced the 1995 assessment by providing
a more expansive interpretation of the geologic
potential and showing the effects of economics
over a spectrum of prices. Another area of
enhancement is the wider variety of presentation
results, including the customary tabular outputs,
pool size rank plots, complementary cumulative
curves, and price-supply curves.

4-Comparison to past assessments



COMPARISONS: UNDISCOVERED,
CONVENTIONALLY RECOVERABLE
RESOURCES

The 1995 estimates of undiscovered,
conventionally recoverable oil and gas resources
are the most appropriate numbers for comparison
with past assessments, because they are not
distorted by the additional variability introduced
by engineering and economic factors. However,
any comparison must be tempered by a number of
methodology changes that occurred between the
1987 and 1995 MMS assessments of
conventionally recoverable resources. Although
both assessments report a range of possible values
with corresponding probabilities, the most
statistically valid points of comparison are the
risked mean results.

The risked mean, conventionally recoverable
oil increased from 3.84 billion barrels (Bbbl) in
1987 to 24.31 Bbbl in 1995 (table 4.2). Similarly,
risked mean, conventionally recoverable gas
increased from 16.75 trillion cubic feet (Tcf) in
1987 to 125.93 Tcfin 1995 (table 4.3). Figures
4.1 (oil) and 4.2 (gas) graphically display the
differences for individual provinces between the
two assessments. Factors contributing to these
changes include the following:

® The conventionally recoverable resources

were assessed in 1995 with a new computer

program having a significantly different
conceptual model. The program incorporates
an assumption that the larger pool sizes are
discovered first. This underlying assumption is
based on the observation that large pools are

often discovered early in the exploration of a

frontier basin, with progressively smaller

pools discovered over time. In previous

MMS models, prospect probability of success

was independent of computed resource size.

The previous models established an inventory

of resources at a specific time and under

specific conditions. Finding rate was not a

consideration. Probabilities were based on

frequency of prospect success, rather than

4-Comparison to past assessments

26

probability of discovery. In general, one of
the impacts of adopting the assumptions
associated with the new model is that larger
prospects have higher probabilities and hence
the play has a greater likelihood of containing
at least one economic pool.

® The 1995 assessment included more plays
and more prospects, both mapped and
unmapped (or speculative resources).

® A concerted effort was made in the 1995
assessment to ensure that geologic resources
were not biased by perceived economic
effects. Prospects were included regardless of
their location or their possible economic
viability. The 1995 database is less restrictive
and includes prospects that conceivably could
be developed but would not be economic
under any reasonable price expectations
owing to extremely high development costs
associated with their location, reservoir depth,
low resource volume, or poor reservoir
characteristics.

® Geologic risks were generally lower for
the 1995 assessment of conventionally
recoverable resources. Marginal probabilities
(that is, chance of success) for a play were
often 1.0, indicating a certainty of at least one
oil or gas accumulation capable of flowing to
a well bore, regardless of rate or size
implications. “Success” was defined in the
1995 assessment by existence of the resource,
not by its economic viability. Figure 4.3
compares the province chances of success for
the 1987 and 1995 assessments.

® In the 1995 assessment, the minimum
values of distributions for geologic variables
were permitted to reflect geologic minima that
might yield subeconomic pools. In 1987,
minimum values in distributions for geologic
variables were selected to approximately
reflect the minimum quantities required for a
pool of commercial size. If maximum values
are held constant, lowering the minimum
value has the effect of lowering the mean of
the distribution. In provinces where 1995
results were lower than 1987 results, much of



the decrease in estimated resources occurred
because of the different approach to creating
probability distributions for geologic
variables.

Between the 1987/1990 and 1995
assessments, the resource endowments of the
- Chukchi shelf and Beaufort shelf provinces
increased dramatically, and these two provinces
are primarily responsible for the overall increase
in Alaska offshore resources. Between the 1990
and 1995 assessments, all exploratory drilling in
the Alaska OCS was confined to the Beaufort
shelf (7 new wells) and Chukchi shelf (4 new
wells). Some of these wells, though classified as
“dry” or unable to produce oil or gas in
commercial quantities, provided geologic
information that reduced the geologic risks for
some plays, increasing the estimates of
conventionally recoverable resources.

According to 1995 results, the Chukchi shelf
and Beaufort shelf provinces contain 90 percent
of both the conventionally recoverable and
economically recoverable oil resources of the
Alaska OCS. (Proportionally, this is consistent
with earlier assessments. Combined Chukchi
shelf and Beaufort shelf resources comprised
87 percent of the 1987 Alaska OCS assessment
and 93 percent of the 1990 assessment).
Furthermore, they contain about 76 percent of the
conventionally recoverable natural gas resources.
The resource changes in the Chukchi shelf and
Beaufort shelf provinces result mostly from
increases in the numbers of prospects and
increases in the fractions of prospects believed to
contain oil or gas (more optimistic risking).
Given their overwhelming contribution to the
total resources, the estimates for these two
provinces are provided for comparison on tables
4.4a (Chukchi) and 4.4b (Beaufort).

The increase in the numbers of prospects in
Chukchi and Beaufort shelf provinces is related to
three factors: (1) more seismic mapping; (2) the
addition of subeconomic prospects precluded
from the 1987 study by minimum guidelines
relating to areal extent, thickness, or reservoir
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characteristics; and (3) supplementing the
inventory of mapped prospects with additional
numbers of unmapped or speculative prospects
that are not yet identified because of insufficient
data.

The changes to the number of prospects
assessed in the Chukchi shelf over time can
provide a sense of scale that can be extrapolated
to the entire assessment. The 1987 assessment of
the Chukch: shelf included 4 plays containing
90 mapped prospects and another 80 speculative
prospects or leads. The 1990 assessment of the
Chukchi shelf assessed 10 plays containing
243 mapped prospects; another 157 identified
closures were not included, because they failed to
pass economic screens (Cooke, 1991, p.5). The
1995 assessment of the Chukchi shelf includes
22 plays. The number of prospects assessed
includes 745 mapped and 1,638 unmapped
(speculative), for a maximum of 2,383.
(Additional information on “unmapped” prospects
and their characteristics is provided in Chapter
13). :

The fractions of prospects modeled as
“successful” increased in 1995 because of a major
shift in the risking philosophy. In 1995, a
“success” was defined as any pool of
hydrocarbons capable of flowing unassisted into a
wellbore; a “successful” pool could be from either
the economic or subeconomic fractions of the
total hydrocarbon endowment. This definition of
success generally resulted in estimates of the
overall chances of success at the prospect, play,
and province levels that were much higher than
the 1987 estimates (fig. 4.3). This effect has a
direct and significant impact on the risked
estimates that are appropriate for comparing 1987
and 1995 results. Potential oil and gas volumes
are discounted by risk to reflect the chance that
the province may fail to contain any
(conventionally or economically) recoverable
hydrocarbons. Statistically valid comparisons
between provinces (or any other assessment
levels) must be made using 7isked volumes. A
much more conservative risking approach was
taken in the 1987 assessment, such that the
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Key Provinces -~

TABLE 4.4a: CHUKCHI SHELF

TABLE 4.4: COMPARISON of PREVIOUS MMS ASSESSMENTS

ASSESSMENT 1987 1990 1995 Jl
CONVENTIONALLY 2.22 BBO NA - 13.02 BBO
RECOVERABLE 6.33 Tcfg 51.84 Tefg
ECONOMICALLY
RECOVERABLE 0.59 BBO 1.36 BBO 1.14 BBO
(BASE CASE) 0 Tefg 0 Tcfg 0 Tcfg
]
ECONOMICALLY
RECOVERABLE 1.03 BBO 1.69 BBO 2.84 BBO
(ALTERNATIVE 2.52 Tcfg 4.46 Tcfg 0 Tcfg
HIGHER CASE)
TABLE 4.4b: BEAUFORT SHELF
ASSESSMENT 1987 1990 1995
CONVENTIONALLY 1.27 BBO NA 8.84 BBO
RECOVERABLE 8.26 Tcfg - 43.50 Tcfg
ECONOMICALLY _
RECOVERABLE 0.21 BBO 0.38 BBO 2.27 BBO
(BASE CASE) 0 Tcfg 0 Tcfg 0 Tcfg
ECONOMICALLY
RECOVERABLE 0.38 BBO 0.67 BBO 3.22BBO
(ALTERNATIVE 2,38 Tcfg 2.45 Tcfg 0 Tcfg
HIGHER CASE)
RISKED MEAN VOLUMES:

Billion Barrels of Oil (BBO); Trillion Cubic Feet of Gas (Tcfg)
NA - Not Assessed

1987 data from Cooke and Dellagiarino, 1989, MMS 89-0090, p.43 (conv. rec.); p.34 (econ. base.); p.39 (econ. high).
~Base case starting price: $18/bbl; $1.80Mcf

~Higher case starting price: $30/bbl; $3.00Mcf

1990 data from Cooke, 1991, MMS 91-0051, p. 20 (econ. base.); p. 27 (econ. high).

—Starting prices unchanged from 1987 assessment.

1995 data - this publication

--Base case starting price: $18%bl; $2.11/Mcf

—~Higher case starting price: $30/bbl: $3.52Mcf
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general effect was much lower risked volumes of
oil and gas than those estimated in 1995.

COMPARISONS: UNDISCOVERED,
ECONOMICALLY RECOVERABLE
RESOURCES

Estimates for risked mean, undiscovered,
economically recoverable oil and gas resources
for the Alaska offshore also increased
dramatically from 1987 values of 0.92 billion
barrels (Bbbl) of oil and no (0.00) economic gas
to 1995 values of 3.75 Bbbl of 0il and 1.11 Tcf
of gas (tbls. 4.2, 4.3). Figure 4.4 compares the
province estimates of undiscovered, economically
recoverable oil resources for the 1987 and 1995
assessments. The most significant increases
among economic oil resources are the estimates
for the Chukchi and Beaufort shelf assessment
provinces.

Important technical and philosophical
differences must be recognized when comparing
MMS economic assessment results from 1984
through 1995. These differences are summarized
below:

® The key geologic factors contributing to

the overall increase in economically

recoverable resources in the 1995 assessment
over prior assessments are the increase in
prospect numbers and the higher chances of
geologic success.

® Different versions of the computer program

to assess economic resources were used for the

1984, 1987/1990, and 1995 assessments, each

version becoming progressively more detailed

and sophisticated. The program used for the

1995 assessment modeled the development and

production of each pool and used an internal

discounted cash flow program to evaluate the
pool’s economic worth. Resources from pools
having a positive net economic value
contributed to the total economic resources,
whereas resources for pools with negative
economic worth were set to zero and did not
contribute to the total (the economic modeling
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is described further in Chapter 9). Prior to the
1995 assessment, an external economic
program was used to estimate minimum
economic field sizes, which were entered into
the assessment program as single point
estimates at the prospect level. Frequently, the
same minimum economic field size was apphed
to all prospects in a play.

® The 1984, 1987, 1990, and 1995
assessments had unique estimates for
economic variables (e.g., discount rates,
costs, inflation rates, gas discount factors),
each reflecting the financial climate at the
time.

® Different price paths were used for each
assessment. For example, the 1984
assessment used a starting oil price of $29 per
barrel (bbl) and a starting gas price of $4.56
per thousand cubic feet (Mcf). Following the
1986 price crash, the 1987 assessment used a
starting oil price of $18/bbl and a starting gas
price of $1.80/Mcf. An alternative, higher
case was also assessed, using starting prices
of $30/bbl for oil and $3.00/Mcf for gas.

® The 1995 assessment presents economic
results in an entirely new format. In addition
to traditional tables of results, the 1995
economic assessment results are presented as
price-supply curves. The user can select any
starting price and read the corresponding
resource amount from the curve. (The
computer program can also be run for a single
price to obtain detailed output under that
specific set of economic assumptions).

® The earlier assessments used “ramped”
prices (incorporating real increases), whereas
the 1995 assessment assumes “flat” pricing
(without real increases, only reflecting
nominal increases).

® Development strategies changed
considerably over time, from a philosophy of
giant fields and correspondingly massive
development infrastructure, to smaller fields,
having fewer wells, smaller platforms, and
lower costs. Cost files accessed by the
computer program were modified to reflect
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this change to industry development strategy.
® Assessment area boundaries varied among
the different assessments. The 1987
conventionally recoverable resources were
based on the assessment of geologic provinces.
The 1987 and 1990 economically recoverable
resources were based on administrative
planning areas, because these estimates were
most appropriate for lease sale planning
purposes. The 1995 assessment of both
conventionally recoverable and economically
recoverable resources are based on geologic
province boundaries. These province
boundaries do not coincide exactly with all
planning area boundaries, so adjustments to the
estimates are required for individual lease sales.
The most direct comparison of the different
assessments is at the total area level or the
subregion level (Arctic, Bering Sea, and Pacific
Margin Subregions).

Given all of the changes incorporated into the
1995 National Assessment, only the broadest
comparisons with previous estimates of
economically recoverable resources are appropriate.
Although estimates for specific economic variables
have changed, each assessment of economically
recoverable resources represents the most likely
expectation under the economic conditions existing
at the time. Certain variables, such as price, will
have a greater impact than others. In fact, the
sensitivity of resources to price, coupled with the
volatility of oil prices, led to presenting the results as
price-supply curves. The different economic
assessments can be compared (on a total basis),
given the understanding that they represent a
snapshot of the resource potential at a specific time.
Key factors contributing to the changes over time
can then be identified.

Risked means for economically recoverable
resources are compared in tables 4.2 and 4.3, and
show a considerable increase in 1995 results as
compared with previous assessments. Most of the
increase can be attributed to changes in the
geologic models, as described above.

The economic results for 1995 are more
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completely described by price-supply curves
(provided in Chapter 27, Economic Assessment
Results). In the 1987 assessment, only two
economic cases, a “primary” case ($18/bbl oil
price) and an “alternative” case ($30/bbl oil price)
were reported (Cooke and Dellagiarino, 1989).
In the 1995 assessment, instead of just two cases,
the price-supply curves report a spectrum of
economic resqurces as continuous functions of
commodity prices ranging from $0 to $50 (or
more) per barrel. At very high prices, perhaps
greater than $50/bbl, economically recoverable
volumes approach the estimates of undiscovered,
conventionally recoverable volumes as a limit.
The price-supply graphs allow readers to find
the potential economic resources of an offshore
province by using their own estimate of
commodity prices. The price-supply curves
provide a much more complete summary of the
ranges of economic potential and they highlight
the high-risk/high-reward potential that attracts
exploration investment in frontier areas.

SUMMARY

The 1995 assessment of the Federal offshore
incorporates significant changes to the databases,
models, and methods used in earlier assessments.
Earlier assessments were appropriate for the
mission and responsibilities of the time, but were
more conservative and limiting. Previously, the
severe impact of Alaskan economics
subconsciously pervaded database construction,
leading to increased risk and conservative results.
Divorcing minimum values based on economic
criteria from the ranges of geologic distributions
required a paradigm shift for staff geologists. With
the emphasis on economic accumulations, earlier
assessments focused on large and easily defined
prospects. The 1995 assessment also included
prospects difficult or impossible to map with the
existing grid of seismic data, because of either small
size or subtle geology. The ability of the geologic
model to assess speculative plays inspired more
creative thinking in the 1995 assessment.



In addition to changes in the geologic
assessment, the economic assessment
methodology was revised to incorporate
discounted cash flow analysis of individual pools.
The methodology changes effectively linked the
geologic and economic models, providing more
consistent data sets and increased flexibility
through an expanded suite of results. The revised
assessment methods expand MMS capabilities to
respond to a broad array of future questions.
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Figure 4.1: Comparison of Province Undiscovered, Conventionally Recoverable Oil Resources,
1987 and 1995. -
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Figure 4.2: Comparison of Province Undiscovered, Conventionally Recoverable Gas Resources,
1987 and 1995.
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PROVINCE MARGINAL PROBABILITY OF HYDROCARBONS
or Chances of Success, 1987 and 1995
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Figure 4.3: Comparison of Province Chances of Success, 1987 and 1995.
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INTRODUCTION
1995 National Resource Assessment

Alaska Federal Offshore
U.S. Minerals Management Service

Kirk W. Sherwood, James D. Craig, and Larry W. Cooke

5. PURPOSE OF ASSESSMENT AND LOCATION OF ASSESSMENT AREA

This assessment of the Alaska Federal
offshore was conducted as part of a national
appraisal of all Federal offshore lands of the
United States that was performed by the Minerals
Management Service (MMS) concurrently with a
U.S. Geological Survey (USGS) assessment of all
onshore lands and submerged lands in State
waters (USGS, 1995). The MMS assessments
are conducted periodically (Cooke, 1985, 1991;
Cooke and Dellagiarino, 1989; Sherwood and
others, 1996; MMS, 1996), and the results are
used to guide management of leasing and
exploration policies and programs in the Federal
offshore.

The U.S. (Federal) submerged lands partly
surround Alaska, starting at the U.S.-Canadian
maritime boundary in southeastern Alaska, then
extending west and clockwise to the U.S.-Russia

maritime boundary in the Bering Sea, and then
northeast to the U.S.-Canadian maritime
boundary in the Beaufort Sea (fig. 1.1; pl. 1.1).
The areas of Federal jurisdiction in these waters
extend from the limit of State of Alaska waters,
generally 3 miles offshore, to the farther of two
limits as defined by either Federal Quter
Continental Shelf (OCS) planning areas or the
200-mile Exclusive Economic Zone. These
offshore U.S. lands cover an area of over

1.8 million square miles. Because submerged
Federal lands extend 200 miles or farther
offshore, they include all of the continental
shelves as well as large areas of the continental
slopes and deep abyssal plains of the north Pacific
Ocean, and the Bering, Chukchi, and Beaufort
Seas.

5-Purpose and location



6. IDENTIFICATION OF ASSESSMENT PROVINCES IN THE
ALASKA FEDERAL OFFSHORE

For purposes of the 1995 assessment, the Bering, Chukchi, and Beaufort Seas. Six of the
Federal waters offshore Alaska were divided on 17 offshore assessment provinces embrace areas
geological grounds into 17 assessment provinces, of deep water or unpromising geology that offer
as shown in figure 1.1 and plate 1.1. The areas of only negligible geologic potential for
the 17 assessment provinces of the Alaska Federal conventionally recoverable oil or gas. The five
offshore are listed in table 6.1. Because Federal deep-water assessment provinces are the Chukchi
waters may extend 200 miles or farther offshore, Borderland, the Canada basin-Beaufort slope, the
they include all of the continental shelves as well Bering shelf-margin basins, the Bering Sea deep-
as large areas of the continental slopes and deep water basins, and the Aleutian trench and north

abyssal plains of the north Pacific Ocean, and the Pacific abyssal plain (fig. 1.1; pl. 1.1). The sixth

TABLE 6.1
AREAS OF ASSESSMENT PROVINCES, ALLASKA FEDERAL OFFSHORE
ASSESSED CONTINENTAL SHELF PROVINCES WITH
SUBREGIONS AND PROVINCES NEGLIGIBLE RESOURCES
Subregions Province Area Province Area (mi’)
(mi®)
Arctic Chukchi Shelf 44,580 | Chukchi Borderland 27,600
Subregion
Beaufort Shelf 34,430 Canada Basin-Beaufort Slope 100,000
Hope Basin 27,180 | Bering Shelf-Margin Basins 61,700
Norton Basin 33,360 | Bering Sea Decp-Water Basins 254,000
Berin
Shelfg St. Matthew-Hall Basin 100,000 | Aleutian Arc 92,500
Subregion Navarin Basin 50,750 | Aleutian Trench and
North Pacific Abyssal Plain 754,000
St. George Basin 85,200 '
North Aleutian Basin 50,710
Pacific Shumagin-Kodiak Shelf 74,100
Margi
Subregion Cook Inlet 8,370
Gulf of Alaska 43,200
SUM OF AREAS 551,880 SUM OF AREAS 1,289,800
TOTAL AREA ALASKA FEDERAL OFFSHORE = 1,841,680 miles’
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assessment province considered to have negligible
potential for oil and gas is the Aleutian arc, which
consists of an intra-oceanic volcanic arc of
Tertiary age.

The 11 assessment provinces that offer any
realistic potential for undiscovered conventional
or economic oil and gas are confined to the
continental shelves surrounding Alaska and cover
approximately half a million square miles in area.
These provinces are grouped into three

6-Assessment province identification
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subregions. The Arctic subregion includes the
Beaufort shelf, Chukchi shelf, and Hope basin
assessment provinces. The Bering shelf subregion
includes the Norton basin, St. Matthew-Hall
basin, Navarin basin, St. George basin, and North
Aleutian basin assessment provinces. The Pacific
margin subregion includes the Shumagin-Kodiak
shelf, Cook Inlet, and Gulf of Alaska shelf
assessment provinces.



7. GEOLOGIC SETTINGS OF ALASKA FEDERAL OFFSHORE
ASSESSMENT PROVINCES

PACIFIC MARGIN SUBREGION

The assessment provinces located offshore
southern Alaska overlie the modern Pacific
convergent margin, where oceanic crust of the
Pacific plate moves northward and is subducted
beneath the Aleutian volcanic arc and the
Shumagin, Kodiak, and Gulf of Alaska
continental shelves. The compression and uplift
resulting from the convergence of plates along
this zone has controlled the geological
development of the Pacific margin of Alaska.

- The Aleutian volcanic arc, of Tertiary age and
constructed entirely upon oceanic crust, extends
eastward 1,300 km from Russian waters into a
continental setting where it meets the Bering Sea
continental margin (at approximately the
southeast limit of the “Bering shelf-margin
basins” assessment province, fig. 1.1; pl. 1.1).
From the Bering margin northeast to the interior
of southern Alaska, the modern volcanic arc is
superposed upon older volcanic-arc systems
ranging up to Jurassic (145 to 200 million years
ago (or “Ma™)) in age (Reed and Lanphere,
1973). East of Cook Inlet, the volcanic arc and
convergent-margin tectonics gradually give way
to the strike-slip fault tectonics that dominate the
eastern Gulf of Alaska, where the Pacific plate
moves northwest and laterally past the North
American continental plate.

Most of the undiscovered oil and gas
resources in the assessment provinces of the
Pacific margin subregion are associated with
forearc basins and shelf-margin wedges of
Tertiary age (66 Ma and younger). Except in
Cook Inlet, these Tertiary rocks are superposed
on a deformed “basement” consisting of older
volcanic-arc complexes and accretionary terranes
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that generally offer negligible hydrocarbon
resource potential.

BERING SHELF SUBREGION

Western offshore Alaska is dominated by the
600-km-wide Bering Sea continental shelf. From
Jurassic to earliest Tertiary time, the Bering shelf
hosted one segment of a larger system of volcanic
arcs extending from southeast Alaska to the
Russian Sea of Okhotsk. This volcanic-arc
system marked the northward descent of a
southern oceanic (proto-Pacific) plate
encroaching from the south. Continental
fragments and volcanic arcs borne along with the
southern oceanic plate collided with both Russian
and Alaskan elements of the volcanic-arc system
in earliest Tertiary time (Worrall, 1991). The
collision(s) strongly deformed the rocks of most
parts of the Bering shelf segment and other parts
of the volcanic-arc system. Rocks deformed by
these collisions, typically Cretaceous age or older
(>66 Ma), offer only negligible potential for
undiscovered oil and gas resources. The
Aleutian arc was also established as a new plate
boundary shortly after the collisions, trapping
between it and northeast Siberia a small plate
containing fragments of an old volcanic arc and
oceanic crust that formerly were part of the
southern oceanic plate of Marlow and others
(1982). Subduction of a spreading ridge that lay
within the southern oceanic plate reorganized
plate interactions in the north Pacific and caused
strike-slip faulting throughout southern Alaska in
early Tertiary and later time (Atwater, 1970).
Most of the Bering shelf basins (Norton,

St. Matthew-Hall, Navarin, St. George, and
North Aleutian basins) began to subside at this

7-Geologic settings of provinces



time as pull-aparts or related features along
strike-slip fault systems passing through the
Bering shelf. Most of the undiscovered oil and
gas resources offshore western Alaska are
associated with Tertiary rocks deposited in the
Bering shelf basins formed during this period of
strike-slip faulting.

ARCTIC OFFSHORE SUBREGION

Offshore areas north and northwest of Alaska
are dominated by the broad (400-km) continental
shelf of Chukchi Sea and the narrow (70-km)
continental shelf of Beaufort Sea. In Paleozoic
and Mesozoic time (ca. 360 to 115 Ma), these
shelf areas and northern Alaska shared petroleum-
rich geologic basins that were broken up or

7-Geologic settings-oj provinces
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restructured in Early Cretaceous time (ca. 115
Ma) by continental breakup and rifting along the
Beaufort shelf margin and the elevation of the
Brooks Range (Craig and others, 1985; Moore
and others, 1992; Warren and others, 1995). The
fragmentation of the crust in northern Alaska and
mountain-building in the Brooks Range gave rise
to several new basins that received many
thousands of meters of sediments during
Cretaceous and Tertiary time (115 Ma to
present). These events also created the geologic
structures that later trapped the vast oil deposits
(70+ billion barrels, in place) found in the
Prudhoe Bay area of northern Alaska, as well as
the undiscovered oil and gas resources thought to
underlie the neighboring continental shelves of the
Beaufort and Chukchi Seas. '



8. PETROLEUM EXPLORATION AND DEVELOPMENT IN ALASKA AND
THE ALASKA FEDERAL OFFSHORE

EXPLORATION OF SOUTHERN ALASKA
AND THE
OFFSHORE PACIFIC MARGIN
SUBREGION

_ Petroleum exploration in Alaska began in the
late nineteenth century, and the first field was
discovered in 1902 by drilling at the site of oil
seeps at Katalla along the coast of the eastern
Gulf of Alaska (fig. 1.1 and pl. 1.1; AOGCC,
1994, p. 56). In the late 1950's and the 1960's,
several commercial oil and gas fields were
discovered in the Cook Inlet area. Many of the
commercial-sized fields discovered during this
time remain in production today (presently 7 oil
fields, 7 gas fields). Altogether, 8 oil fields and
22 gas fields have been discovered in Cook Inlet,
with total discovered oil resources of about
1.34 billion barrels of oil (BBO) and 9.33 trillion
cubic feet of gas (TCFG) (AOGCC, 1994; OGJ,
1993; AKDO&G, 1995). Oil production from
Cook Inlet fields peaked at 236,000 barrels of oil
per day (BOPD) in 1970, but declined to
43,500 BOPD by 1994 (AOGCC, 1994). Total
cumulative production from Cook Inlet by the
end of 1994 was 1.19 BBO and 7.44 TCFG
(AOGCC, 1994). Ofthe 7.44 TCFG produced in
Cook Inlet, 2.73 TCFG were re-injected to aid oil
recovery (and remain a future resource), with
4.70 TCFG, or 50 percent of discovered
resources, actually delivered to market and
consumed. Cook Inlet also hosts a liquefied
natural gas (LNG) facility, which ships about
144 million cubic feet of gas per day to power
utilities in Tokyo, Japan (AOGCC, 1994, p. 9
(N. Cook Inlet field); OGJ, 1993, p. 24).

No commercial production has occurred on
any Federal submerged lands in the Cook Inlet
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area or any part of the offshore Pacific margin
subregion. The first explorations of the Alaska
Federal offshore began in the early 1970's with
the scheduling of lease offerings in the Gulf of
Alaska and Cook Inlet. A stratigraphic-test well
was drilled in the Gulf of Alaska in 1975, and a
second one was drilled in Federal waters of Cook
Inlet in 1977. The first Federal offshore lease
sale in Alaska waters was held in 1976 in the Gulf
of Alaska. Three sales in the Gulf of Alaska from
1976 to 1981 leased 0.6 million acres for total
high bonus bids of $670 million. Twelve
exploratory wells on Gulif of Alaska leases in the
period from 1977 to 1983 failed to locate
commercial quantities of oil or gas. Two lease
offerings in Federal waters of Cook Inlet in 1977
and 1981 leased 0.57 million acres for total high
bonus bids of $403 million. Thirteen exploratory
wells drilled on Cook Inlet leases in the period
from 1977 to 1985 failed to find commercial
quantities of oil or gas.

EXPLORATION OF WESTERN ALASKA
AND THE OFFSHORE BERING SHELF
SUBREGION

Petroleum exploration has been conducted
since the early 20® century in various parts of
western Alaska and the Alaska Peninsula. These
efforts all failed to locate any significant quantities
of oil or gas.

Petroleum exploration offshore western
Alaska began in the early 1970's with the
scheduling of lease sales on the Bering Sea shelf.
Seismic data were gathered across large parts of
the Bering shelf, and six stratigraphic-test wells
were drilled from 1976 to 1983 in St. George,
Norton, Navarin, and North Aleutian basins.

8-History, petroleum exploration



Four lease sales were held in these same basins in
the period from 1983 to 1988, and 1.9 million
acres were leased for total high bonus bids of
$1.36 billion. Twenty-four exploratory wells
were drilled in Navarin, Norton, and St. George
basins. None encountered significant shows of oil
or gas. Except for a stratigraphic-test well drilled
in 1983, no exploratory drilling has occurred in
North Aleutian basin.

EXPLORATION OF NORTHERN ALASKA
AND THE ARCTIC OFFSHORE
SUBREGION

Petroleum exploration in Arctic Alaska began
with the reporting of oil seeps in the Cape
Simpson area near the northernmost tip of Alaska
by Leffingwell of the U.S. Geological Survey in
1917. In 1923, based on the presence of these
seeps and prompted by fuel shortages in World
War I, President Warren Harding established
Naval Petroleum Reserve No. 4, later renamed
the National Petroleum Reserve-Alaska (NPR-A,
fig. 1.1 and pl. 1.1). Fuel shortages during World
War II prompted the first intensive, publicly
funded exploration program in NPR-A from 1944
to 1953, resulting in the discovery of several
subcommercial oil and gas fields.

With passage of Alaska statehood in 1959,
exploration shifted to the lands selected by the
State of Alaska in the corridor between NPR-A
on the west and the Arctic National Wildlife
Refuge (ANWR, fig. 1.1 and pl. 1.1) on the east.
State of Alaska lease sales in 1964 and 1965 were
followed by the 1968 discovery of the largest oil
field ever found in North America, the 12.4 BBO
Prudhoe Bay field. The ultimate reserves
recoverable from known commercial fields in the
Prudhoe Bay area were approximately 16.4 BBO
and new projects announced in recent weeks at
the Alpine discovery, the West Sak pool in
Kuparuk field, and the Schrader Bluff pool in
Milne Point field bring the northern Alaska
commercial reserve endowment to 17.7 BBO
(Alaska Report, 1996; ADN, 1996b; ADN,

8-History, petroleum exploration

1996¢). Untapped Prudhoe-area gas reserves are
estimated at 28.2 TCFG (AOGCC, 1994;
AKDO&G, 1995).

Construction of the Trans-Alaska Pipeline
System (TAPS) began in 1974, and the first oil
pumped through the pipeline arrived at the ice-
free port of Valdez, Alaska, in 1977 for tanker
shipment to the U.S. mainland (fig. 1.1 and pl.
1.1). Pipeline throughput peaked at 2.0 million
barrels of oil per day (MMBOPD) in 1988. By
May 1996, production was 1.5 MMBOPD and a
total of 11.2 BBO had passed through the
pipeline (R. Oliver, Alyeska Pipeline Co., pers.
comm., 1996).

In response to concerns about oil shortages
related to the 1973 embargo of the United States
by the Organization of Petroleum-Exporting
Countries, government-sponsored exploration of
NPR-A resumed in 1975 after a 22-year hiatus.
This second program resulted in 28 exploration
wells and 14,800 miles of seismic data, but no
significant discoveries. The first offerings of
leases for private exploration occurred in 1981,
followed by a single well drilled and abandoned in
1985. This well concluded the most recent cycle
of petroleum exploration in NPR-A.

The first lease sale in the offshore Arctic
subregion, offering mostly submerged lands of the
Beaufort Sea near known fields in the Prudhoe
Bay area, was conducted jointly by the State of
Alaska and the Federal Government in 1979.
Since 1979, most continental-shelf areas of the
offshore Arctic subregion were offered in four
additional lease sales in the Beaufort Sea and two
lease sales in the Chukchi Sea. Northern parts of
the Hope basin assessment province were offered
in both Chukchi shelf sales but failed to attract
any bids. In all seven sales, a total of 5.5 million
acres of Federal lands were leased for total high
bonus bids of $4.03 billion. An eighth sale, held
in September 1996, attracted $14.6 million in high
bids on 29 lease blocks (100,000 acres). A total
of 32 exploratory wells were drilled in Arctic
Federal waters between 1980 and 1993, resulting
in the discovery of several subcommercial pools
of oil (Northstar, Sandpiper, Liberty (Tern),



Hammerhead, and Kuvlum).

Northstar (Seal Island) field, estimated by BP-
Alaska to contain up to 145 million barrels of
recoverable oil, straddles State of Alaska and
Federal offshore lands about 10 miles north of
Prudhoe Bay field and will provide the first-ever
commercial production of oil from the Alaska
Federal offshore. Commercial production from
Northstar field could enter the Trans-Alaska
pipeline as early as 1999 (ADN, 1996a, p. Al).

In the September 1996 lease sale, leases were
re-acquired over a possible extension of the
Liberty (Tern) pool. An exploration well in the
1996-97 drilling season was drilled to test the
commerciality of the Liberty pool.
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9. COMPUTER MODELS USED TO CALCULATE OIL AND GAS POTENTIAL

UNDISCOVERED OIL AND GAS
RESOURCES: FUNDAMENTAL
ASSESSMENT CONCEPTS

The assessment of the undiscovered oil and
gas potential of the Alaska Federal offshore
involved two separate tasks. The first task was to
develop estimates of the undiscovered resources
irrespective of any economic constraints. The
second task was to determine how much of the
undiscovered oil and gas would be profitable to
produce under a range of possible commodity
prices. This chapter describes the computer
programs that were used by Minerals
Management Service (MMS) to accomplish these
tasks.

The method selected to assess undiscovered
oil and gas resource potential is based on the
specificity of available data and the purpose of the
assessment. Assessment techniques are different
for mature exploration provinces and frontier

.provinces. Evaluating a prospect for leasing is
much different than assessing the potential of an
entire geologic play. The method must be
appropriate to the task. In the early stages of
exploration in a frontier province, assessors must
rely on scant data, often using analogs from
similar geologic regimes, delphi (consensus based

. on expert opinion), areal yield, or other methods

(White and Gehman, 1979). As seismic or
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drilling data are gathered in a province, more
specific techniques can be used and the primary
assessment unit becomes the geologic play.
Geologic plays are defined as a population of
pools' or prospects® having a common history of
hydrocarbon generation, migration, reservoir
development, and trap configuration. When
sufficient data become available, assessment
methods focus on individual prospects.
Economic evaluations at the level of individual
prospects provide necessary information for
leasing or development decisions.

When assessing the undiscovered resource
potential of a frontier province, two fundamental
questions must be answered: Are there any
undiscovered oil and gas accumulations in the area?
If there are, how much oil and gas exists in these
accumulations? The assessment methodology
addresses these questions through the concepts of
risk (any?) and uncertainty (how much?).

The first question (any?) requires an analysis
of various geologic risk factors used to quantify
the probability that oil and gas are absent. Risk
can be assessed for individual prospects within a

'A pool is an accumulation of hydrocarbons, typically
within a single stratigraphic interval, that is hydraulically
separated from any other hydrocarbon accumulation.

A prospect is an untested geologic feature having the
potential for trapping hydrocarbons. A prospect contains
one or more pools.

9-Computer models



geologic play, plays within a province, or for the
entire province. Risk is one indicator of the
relative resource potential of a province. For
example, a “mature” exploration province with
known oil and gas accumulations does not have
geologic risk at the province level, although
individual plays within the province may still be
unproven, and individual prospects within the
plays have their specific risks. In contrast, a
“frontier” province requires additional exploration
drilling to confirm whether all of the factors
required to result in an oil or gas accumulation
(hydrocarbon generation, migration paths to a
reservoir, trapping mechanism, reservoir, and
preservation) have occurred in the proper
sequence. The resource potential for the frontier
province is discounted relative to a mature
province by applying a geologic risk factor. The
risk factor associated with a specific prospect or
play or province is computed through a process
that requires assessors to estimate probabilities
for contributing geologic factors (this risking

~ process is described further in Chapter 10). The
- estimates for these factors can change based on
the results of drilling or other new information.

The answer to the second question (how
much?) is often highly uncertain because of the
lack of data. The assessment method needs to
incorporate techniques that reflect this
uncertainty, so that the estimates do not convey a
false sense of precision. Factors relating to the
number of possible prospects and their sizes are
typically represented as probability distributions,
which relate values to the likelihood of
occurrence. As new information becomes
available through drilling or other geologic and
geophysical surveys, the original values for
uncertain variables can be adjusted.

Once an assessor is able to characterize
uncertain variables as probability distributions, a
statistical procedure is needed to combine these
distributions to derive the resource estimates.
These procedures are coded into steps or
instructions executed by a computer. Two
general techniques are commonly used, an
analytical process or a sampling process:

9-Computer models
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® The analytical process reduces input
probability distributions to representative
statistics, such as the mean and standard
deviation of the distribution. The
distributions are combined statistically
according to an algorithm used to calculate oil
and gas resources. The model yields ranges
of possible resource volumes in the form of
probability distributions.

® The sampling process is based on a large
number of computer trials, where each trial
represents a possible state of nature. On an
individual trial, all distributions are randomly
sampled. These sampled variables are used to
compute one simulation or possibility. On the
second trial, all distributions are randomly
sampled once again, and a second possible
result is calculated. This process continues until
a specified number of trials are completed. At
the conclusion of the simulation process, a large
number of possible results have been computed.
These results are sorted, ranked, and presented
as probability distributions for oil and gas
resource volumes. This kind of random
sampling method is called a Monte Carlo
process. An important criteria is that enough
trials are run to adequately sample the input
distributions. This process requires extensive
computer memory to store intermediate results
and takes longer to run than an analytic process
that requires about as much computing time as
running a single Monte Carlo trial. The
advantages of Monte Carlo sampling are that
the distributions can be of any type or shape,
and complex processes with numerous variables
can be modeled. Both analytical and sampling
processes were used by MMS in the current
assessment.

In theory, the range of resource volumes
derived from running the computer programs will
bracket the volume that actually exists. However,
the actual volume will only be known with
certainty after all prospects are drilled, developed,
and produced. In an active exploration province,
this could require decades. Many frontier



provinces may never be thoroughly tested. The
range of volumes indicates the degree of
uncertainty associated with the estimates. A
well-explored, mature, exploration province
would be expected to have a narrow distribution
of resource volumes, as contrasted with a partially
explored, frontier, exploration province, having
greater uncertainty and a corresponding broad
range of values.

OVERVIEW

From its inception in 1982, a key
responsibility for the MMS has been the leasing
of offshore tracts for exploration and possible
development. The focus of the MMS Resource
Evaluation Office has been to acquire, analyze,
and interpret geologic, engineering, and economic
data necessary for the evaluation of individual
prospects offered for lease. Therefore, MMS has
a substantial database of mapped prospects for all
geologic provinces. Previously, MMS used an
assessment method of prospect summation, where
individual prospect volumes were summed to the
geologic play level, and results for plays were
summed to the province level. As described in
Chapter 4, this focus on economic accumulations
can be restrictive when considering the complete,
undiscovered resource potential of a province.
Therefore, MMS used a play assessment method
for the 1995 National Resource Assessment. The
assessment scope was widened to include all
potential accumulations, mapped or unmapped,
regardless of economic feasibility.

An overview of the MMS oil and gas resource
assessment computer programs is shown on
figure 9.1.

® The geologic model, GRASP (Geologic

Resource Assessment Program), uses input

data for geologic variables to compute ranges

of values for individual pools within assessed
geologic plays. These pool and play
resources are aggregated to estimate the
conventionally recoverable oil and gas
resources at the province level. Output

1

results are in the form of probability
distributions, requiring pool level resources to
be aggregated into play distributions and play
level resources to be aggregated into province
distributions.

® A program named FASPAG (Fast
Appraisal System for Petroleum -
Aggregation) is used for statistically
aggregating probability distributions. Results
at the province level are aggregated to the
Subregion and Region levels using FASPAG.
® The output pool and play distributions
from GRASP become the input to the
economic evaluation program, PRESTO
(Probabilistic Resource ESTimates -
Offshore). PRESTO is used to estimate
economically recoverable oil and gas
resources under specified economic
conditions. Running PRESTO under different
economic scenarios results in distributions of
economic resources, which can be compiled
and presented in the form of price-supply
curves. These curves display changes in
recoverable resource potential corresponding
to changing prices.

® PRESTO results at the province level are
aggregated to the Subregion and Region
levels using FASPAG.

The advantage to using probabilistic models is
that individual subject matter specialists can be
called upon to estimate probability distributions
for uncertain geologic, engineering, and economic
variables. A geology team comprised of
geologists and geophysicists was assigned to each
assessment province. The team determined
values for inputs to the GRASP model, ran the
model, reviewed intermediate results, verified
outputs, and prepared final reports. An
engineering team worked with the geology team
for each province to provide inputs to the
PRESTO engineering/economics model. The
engineering effort required creating development
and transportation scenarios, estimating
engineering and cost variables, running the
PRESTO model, verifying outputs, and preparing

9-Computer models



final reports.

The remainder of this chapter describes
specific concepts associated with the individual
MMS assessment programs.

GRASP - THE GEOLOGIC PROGRAM

Previous MMS resource assessments have
been criticized by some within industry as too
conservative. The concern is that by focusing on
the practical aspects of leasing (and hence,
looking for economic targets), MMS could have
biased the assessment of geologic potential
toward just the economic fraction. One of the
goals of this assessment was for MMS assessors
to expand their creative geologic thinking to
consider conceptual or speculative plays
regardless of their chance for commercial success.
A speculative play could have high potential
resource volumes, but only offer a minor
contribution to the total resource endowment
when adjusted by geologic risks. However, the
assessment is more robust and comprehensive
when these high risk plays are included. The
expanded scope of this methodology can also
indicate areas for future exploration or topics
meriting further research.

Another goal of the assessment was to ensure
that the geologic assessment was not constrained
by economic considerations. For example,
current development in an area may indicate that
a field can be commercial only if the average net
pay thickness exceeds 50 feet. However, many
accumulations having lower average thicknesses
can also exist within the play. Their potential
contributions would be masked by using an
economic screen to censor the distribution of
thickness on the low end. The current geologic
assessment allows the distribution of average
thickness to extend to the minimum conceivable
amount which could be completed and produced
through a conventional well bore. The geologic
program (GRASP) assesses the amount of
resources that could exist, down to a minimum
accumulation size of 1 million barrels of oil or oil-
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equivalent (gas converted to oil on an energy-
equivalent basis of 5.62 Mcf/bbl). The economics
program (PRESTO) uses this unconstrained
geologic database for determining economic
viability under various development conditions.
Screening of subeconomic volumes through the
€CONOmicCs program OcCcurs as a separate
operation. Separating these analyses
computationally provides a clear focus for each,
frecing the creative thought process, and resulting
in a more complete sense of the resource potential
that could exist in a province.

The desire for a separate analysis of the
overall or “geologic” resources caused MMS to
seek a different computer model with a primary
focus on assessing geologic plays. Rather than
develop a new, independent program, a review of
the literature indicated that the Geological Survey
of Canada (GSC) already had an assessment
computer program that contained the major
elements MMS wanted to adopt for this
assessment (Procter and others, 1981; 1983; Lee
and Wang, 1984, 1986, 1990; Podruski and
others, 1988).

The Petroleum Resource Information
Management and Evaluation System
(PETRIMES) is the computer program currently
used by the GSC for resource assessment. The
GSC computer program both assessed geologic
plays and provided resource estimates as
probability distributions. MMS obtained a
microcomputer-based version, named Petroleum
Resources Appraisal System Software (PRASS),
which was reviewed and tested for applicability to
MMS assessment goals and criteria. When MMS
decided to incorporate this approach into its
assessment procedures, the PETRIMES computer
code was adopted and modified to address
specific MMS needs. The ultimate product of
these modifications is a program titled Geologic
Resource Assessment Program (GRASP).

One undesirable aspect of PETRIMES was
that a play had to be assessed as either an all-oil
play or an all-gas play, whereas in many cases the -
plays defined by MMS contained prospects with
mixtures of both oil and gas in the reservoir (e.g.,



associated gas caps), as well as independent oil or
gas pools. Therefore, MMS programmers
modified the PETRIMES program code to allow
pools to be all oil, all gas, or a mixture. MMS
also developed a more user-friendly input
processor to eliminate some of the operational
structure that PETRIMES retained from its roots
as a mainframe computer program. Otherwise, the
PETRIMES computer code is fundamentally
unchanged and is the core of the GRASP
program. The user-friendly environment and fast
operation of the program, combined with help
screens and graphical outputs, provide a platform
that encourages assessors to refine their inputs by
analyzing intermediate results produced by the
various GRASP modules.

The GRASP program, like PETRIMES, has
two basic approaches, depending on the degree of
exploration in a province: (1) a discovery method
and (2) a subjective method.

® The discovery method is based on data

from existing pools in an established play

being assessed. An analysis of existing
discoveries establishes a trend that is used in
conjunction with a reserves matching process
to estimate remaining undiscovered pools.

® The subjective method is used for

conceptual plays having few or no discoveries

and is the most suitable option for assessing
the frontier provinces of the Alaska offshore.

The subjective method uses all available

information to determine probability

distributions for the number of potential
accumulations (pools) and their sizes.

The Alaska Region used the subjective
method exclusively for the 1995 assessment.
Additional information on the GRASP method as
applied to a mature exploration area can be found
in Lore and others, 1996. A conceptual flowchart
for the GRASP subjective method is shown on
figure 9.2.

GRASP is based on analytic probability
theory, where distributions are represented by
statistics and results are mathematically derived
rather than approximated through a sampling
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procedure. As such, two underlying concepts,
superpopulation and lognormality, are
incorporated.

A geologic play is a natural population of
pooled hydrocarbons resulting from common
geologic processes. Conceivably, these processes
could have resulted in other populations of pools.
A superpopulation is the full range of possible
pool families that are possible under a given set of
geologic conditions. The actual set of existing
pools will be included in the hypothetical
superpopulation, if modeled correctly.

Lognormality recognizes the tendency for
pool volumes to be lognormally distributed.
Figure 9.3a illustrates a lognormal distribution in
the form of a probability density function that
relates the magnitude of a random variable to its
probability of occurrence (the area under the
curve corresponds to a probability of 100
percent). In this example, that relationship is
determined by a lognormal function, where most
pools are small and the largest pools occur only
rarely. The familiar bell-shaped normal (or
Gaussian) curve is shown on figure 9.3b for
comparison. For variables that tend to be
lognormally distributed, the logarithms of the
values for the variable will be normally
distributed. This property allows certain
computational efficiencies that are incorporated
into the program code. Examples of variables
which tend to be lognormally distributed include
reservoir thickness, oil recovery (barrels per acre-
foot), reserves per field, and core permeability.
Core porosity tends to be normally distributed
(Newendorp, 1975).

Although the pool volumes for all plays are
not exactly lognormally distributed, this
characteristic is sufficiently common to justify its
application to the estimation of undiscovered pool
sizes in conceptual plays (Kaufman and others,
1975). The lognormality assumption allows pool
volumes to be simply described by two
distribution statistics (mean and standard
deviation). These statistics are distinctive for
plays resulting from commonly shared geologic
processes. For example, dispersed hydrocarbon
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habitats yield many small oil and gas pools of
similar sizes, whereas concentrated habitats
(possessing mechanisms for focusing hydrocarbon
migration) tend to produce fewer pools that are
larger in size and have greater size variance
(Coustau, 1981). As a practical matter,
lognormally distributed data plots as a straight
line on a log probability graph (random variable
versus probability for exceedance; see fig. 9.4).
This characteristic is very helpful in constructing
probability distributions for variables in the
absence of abundant data, as long as the
lognormal assumption is deemed appropriate.
For example, if the extreme range of a variable is
known and the probability distribution can be
assumed to be lognormal, then a probability
distribution can be constructed by drawing a
straight line between the extreme values on a log
probability plot. This technique was used by
MMS in the 1995 assessment to construct
probability distributions for many geologic
variables. (The next chapter more fully describes
specific aspects of the geologic assessment.)

The assessment process began with the
analysis of available geologic data in a province to
define possible geologic plays. All conceivable
plays were identified and each was assigned a
probability of success, which is the chance that
the play contains at least one accumulation of
hydrocarbons (pool). High potential plays were

distinguished from low potential plays, and some

plays were eliminated from numerical assessment
because of perceived high risk and low potential.
The play definition phase is critical to avoid play
mixing, which might cause deviations from a
‘lognormal distribution of resources.

Peer reviews of the play definitions were held
at this stage to ensure that all plays had been
identified and given unbiased consideration. Peer
review meetings were conducted with participants
from the petroleum industry, and State and
Federal agencies (January 1995, in Anchorage,
Alaska). Similar meetings were held with MMS
consultants, management, and other geoscientists.
These meetings enabled MMS assessors to
receive feedback on play definitions prior to
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constructing numerical models and entering data
to the computer programs.

Once plays were identified and defined, the
assessors developed data necessary to estimate
the undiscovered resources. The GRASP method
focuses on developing distributions for (1) the
number of pools in a play and (2) the pool sizes
(fig. 9.2). These distributions are used to create
individual peals of oil and gas, ranked in size,
within a play. Pool level distributions of
resources are then aggregated to probability
distributions of play resources.

The distribution for the number of pools in a
play (representing actual accumulations) is
derived from risking the prospect number
distribution (many prospects will be modeled as
dry). Assessors develop a probability distribution
for the number of prospects based on identified
and mapped prospects, as well as an estimate of
unmapped prospects that may exist in the play.
Prospects may be unmapped for a variety of
reasons. Unmapped prospects can be assumed to
be present where geologic and geophysical
information is scant or nonexistent. Some
unmapped prospects are simply so small in size
that they are not intersected by the grid of seismic
lines. The assessors estimate the chance that the
play has adequate geologic conditions for the
formation of oil and gas pools. If exploration
drilling has encountered producible hydrocarbons
(capable of flowing to a conventional well bore)
within the play, the chance of at least one pool
existing in the play (play probability) becomes
100 percent. A prospect chance of success (or
drilling success rate) is also estimated. The play
chance and the prospect chance are combined to
derive an exploration chance, the probability that
a prospect will yield a discovery if drilled. The
distribution for numbers of prospects and the
various risk factors (expressed as the exploration
chance) are entered into a module that computes
a probability distribution for the number of pools.

The assessors then estimate probability
distributions for geologic variables that contribute
to the pool sizes. Three components are
developed by separate calculations: pool volume,



oil yield, and gas yield.
® Pool volume (acre-feet) is derived through
an analytical process that combines probability
distributions for the areas of individual
prospects in the play, pay thickness, trap fill
fraction, fraction of the pool that is oil-
bearing, and fraction of the pool that is gas-
bearing.
® Qil yield (barrels per acre-foot) is derived
from probability distributions for porosity, oil
saturation, oil formation volume factor, and
recovery efficiency.
® (Gas yield (million cubic feet per acre-
foot) is derived from probability distributions
for porosity, gas saturation, reservoir
temperature and pressure, gas deviation or Z
factor, shrinkage, and recovery efficiency.

Oil and gas yield distributions can be
computed through a GRASP module that
statistically combines the appropriate input
distributions.

An intermediate module in GRASP combines
the pool volume distribution with the number of
pools distribution to create pore volumes (acre-
feet) for all pools in a play, ranked from largest to
smallest pore volume. At this point, the module
computes the probabilities that a specific number
of pools exists. That is, a probability is computed
for the Rank #1 pool that one or more pools exist
in the play; a probability is computed for the Rank
#2 pool that two or more pools exist in the play;
and so forth, through the maximum number of
pools assessed for the play.

GRASP then executes a sampling procedure
that determines the resource commodity for each
pool, based on the estimated probabilities that a
given pool contains all oil, all gas, or a mixture of
oil and gas. Oil and gas resource distributions are
computed for individual pools by statistically
combining pore volume distributions and pool
probabilities with oil and gas yield distributions.
The resulting pool size distributions can be
displayed as a rank plot, with resources for each
pool displayed as a range of values rather than as
a single number. The pool resource volumes are
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displayed in rank order, from largest to smallest.
The pool size rank plot, as illustrated in figure
9.5, is similar in concept to a field size distribution
for discovered reserves, making it easy to use and
interpret.

Finally, all of the pool resources are
aggregated into resource distributions for the
play. Although volumes of crude oil, solution gas,
nonassociated and associated gas, and condensate
are computed separately, GRASP aggregates the
components and reports total oil (all liquids), total
natural gas (all gases), and total hydrocarbon
energy (oil summed with gas in oil-equivalent
units). In addition to the pool size rank plots,
GRASP outputs include normal, tabular printouts
showing pool level resource distributions at
specific percentiles, and complementary
cumulative curves by play. Complementary
cumulative curves display resource volumes
(horizontal axis) versus the probability that the
resource is that amount or greater (vertical axis),
as shown on figure 9.6.

The final results of GRASP modeling are the
distributions of resources that are recoverable
using conventional technology by pool, play, and
province. This geologic assessment can indicate
areas of high resource potential, where oil and gas
accumulations may be sufficiently common and
with sufficient potential to warrant consideration
for future exploration. However, the true test of
near-term economic potential requires a separate
economic assessment, where constraints to
development, such as the high capital costs to
construct infrastructure, must be considered.

GRASP CONCLUSIONS

In the previous section, two goals for the
1995 assessment were identified: (1) to expand
the creative geologic thinking to consider more
conceptual or speculative plays and (2) to ensure
that the geologic assessment was not constrained
by economic considerations. Both of these goals
were achieved in this assessment. Geologic
thinking was expanded to consider more
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speculative, high risk plays. In some cases, these
play concepts were abandoned without
assessment because of extremely low resource
potential, but the process was valuable as a
catalyst for discussion among assessors
considering the merits of a particular play
concept. The goal of eliminating economic bias
from the estimation of geologic parameters
required a difficult change in perspective for
MMS assessors accustomed to evaluating
prospects for leasing. This change in perspective
is reflected in the broader ranges of the input
distributions and had a significant effect on
variables such as the number of pools estimated in
assessment provinces. Although the MMS
geologic assessment is distinct from its
economically based assessment reported for 1987,
an economic overprint still shadowed many of the
input distributions. By design, the foundation of
the 1995 assessment was a more pure geologic
assessment. The individual pool size distributions
resulting from GRASP can be used to develop
estimates of economically recoverable resources
under a range of possible conditions (as described
shortly), or can be used by others outside of
MMS as a basis for further economic analyses.

In the Alaska offshore, 74 plays were
identified and individually assessed for
undiscovered, conventionally recoverable
quantities of oil and gas. Specifics related to the
development of ranges of values for individual
parameters to the Alaska geologic assessment will
be described in Chapter 10.

FASPAG - THE AGGREGATION
PROGRAM

Once GRASP has been run for all plays in an
area, the play results can be aggregated to the
province level. PETRIMES, the predecessor to
GRASP, had the capability of aggregating play
level results to the province level, assuming
complete independence of plays. Under the
assumption of total independence, the discovery
of hydrocarbons in one play does not impact the
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likelihood of hydrocarbons existing in other plays
in the province. MMS felt that additional
aggregation options were important to include.

In the previous National Assessment, MMS
assessors worked with Dr. Robert Crovelli of the
U.S. Geological Survey on the problem of
aggregating probability distributions. He had
developed a program named FASPAG (Fast
Appraisal System for Petroleum - Aggregation),
which characterizes distributions with key
statistics, then aggregates the distributions using
analytic techniques (Crovelli and Balay, 1986).
The Crovelli program allows dependencies to be
recognized among plays being aggregated. If the
discovery of hydrocarbons in one play in the
province improves the likelihood of resources in
other plays (or conversely, if exploration failures
in one play tend to increase geologic risks
associated with other plays), this dependency
should be incorporated into the estimation of total
resources. The FASPAG program allows plays to
be modeled as totally independent, totally
dependent, or partially dependent, where the
degree of dependency is estimated by the
assessor.

MMS wanted to retain this capability rather
than be forced into the assumption of
independence as the only option, so the Crovelli
program was incorporated into GRASP as a
module. FASPAG was used to aggregate plays
into assessment provinces, to aggregate the
provinces into Alaska subregions (Arctic, Bering
Shelf, and Pacific Margin Subregions), and finally
to aggregate all areas into total Alaska resources.

PRESTO - THE
ENGINEERING/ECONOMIC PROGRAM

The PRESTO (Probabilistic Resource
ESTimates - Offshore) computer program has
been a practical and evolving MMS assessment
tool to estimate undiscovered economically
recoverable oil and gas resources. The basic
PRESTO concepts are described in Cooke and
Dellagiarino (1989). Originally developed in the



late 1970's, the current PRESTO version
(generation 5) has been extensively modified.
Significant changes to the program include:
1. Former PRESTO prospect inputs were
changed to pool resources imported from
GRASP.
2. Minimum Economic Field Sizes (MEFS)
as econoniic screens were changed to a
discounted cash flow (DCF) analysis for each
pool.
3. Price-supply curves were added as a
graphical output, summarizing results from
numerous model runs.

- & ted “ te

PRESTO was originally designed to model
specific mapped prospects, as well as providing
three options for assessing unidentified (that is,
unmapped or speculative) prospects. However,
for this assessment, geologic potential was
modeled entirely by the GRASP program,
whereas engineering and economic modeling
became the focus of the PRESTO program.
PRESTO was modified to accept pool size
distributions and their associated probabilities as
output from GRASP. The geologic model is
created for PRESTO by GRASP, and the primary
function of PRESTO is to determine the
quantities of undiscovered economic resources.
Also, certain geologic variables residing in the
GRASP data files are imported into PRESTO to
derive some engineering variables (for example,
pool area divided by well spacing is used to

compute the number of wells simulated on a trial).

The creation of data transfer files is accomplished
with a GRASP-PRESTO interface module, which
is executed upon completion of the final geologic
assessment computer runs. Each GRASP
geologic play assessment in a province
contributes to the PRESTO input file. Then,
PRESTO evaluates the economic viability of each
pool and play within the province.

MMS used PRESTO, generation 3, for the
previous National Assessment (1987, updated in
1990). At that time, PRESTO 3 was primarily a
geologic model. Geologic resources were
developed on a prospect basis. Economic
viability was determined by comparing geologic
resources computed in a trial for a prospect with
a minimum economic field size (MEFS). If
sufficient resources were available to support
prospect development, the resources were
considered economic and the individual values
saved. The MEFS represented a minimum size
that could be economic under a given (single) set
of economic conditions. This volume was
computed externally by a proprietary, discounted
cash flow (DCF) program. Derivation of the
MEFS was a very time- and labor-intensive part
of the assessment effort. Generally, one to three
MEFS’s were computed for each assessment
province.

A similar process was used in PRESTO 3 to
determine economic viability at higher levels.* A
different external program was used to develop
either a minimum basin reserve (MBR) or a
minimum area reserve (MAR), which represented
a minimum resource volume to support
infrastructure within a basin and a major

YConfusion can be caused by nomenclature changes
that occurred between the use of PRESTO 3 in the 1987
assessment and PRESTO 5 in the 1995 assessment. The
PRESTO hierarchy for both versions (3 and 5) allowed
Jour levels to be assessed in a single run. The lowest level
is the zone. Up to three zones can be modeled per
prospect. Zones contribute to prospects. Zone and
prospect terms are common to both versions. According
to the 1987 nomenclature, prospects were included in
“basins,” and basins were included in the highest level,
the “area.” For the 1995 assessment, only one zone per
prospect was assessed. A prospect which contains oil or
gas is termed a "pool.” According to the 1995
nomenclature, prospects are grouped into “plays”, and
plays are within the highest level, the “province”. In
essence, both versions provide four levels of organization
for the assessor to use:

1987: zone-prospect-basin-area

1995: zone-prospect-play-province
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transportation system from an area. Resources
for an entire basin or area on a trial were
compared to the MBR or MAR. If sufficient
resources were available to support the
infrastructure and transportation systems, the
resources were considered economic and the
individual values saved. Otherwise, the resources
were insufficient for economic development and
resources for all prospects in the basin or area
were set to zero on that particular trial.

MMS assessment requirements outgrew the
MEFS/MBR/MAR concept, and the decision was
made to add engineering and economic modeling
into PRESTO for the current assessment.
GRASP became the MMS geologic model,
whereas the focus of PRESTO shifted from
geology to engineering and economic modeling.

Many of the original PRESTO concepts still
remain. A conceptual flow diagram of the
current version of the program, PRESTO 5, is
shown on figure 9.7. The program still addresses
the concepts of risk and uncertainty by using
ranges of values and a Monte Carlo sampling
process.* This process runs a large number of
evaluation trials (typically 1,000 trials), where
each trial represents a possible state of nature
(Trial Loop on fig. 9.7). For each trial, all pools
are sampled and and those pools simulated as
being productive are evaluated (as shown on Play
Loop and Prospect Loop, between points “B” and
- “C” onfig. 9.7). The results from all of the trials
yield a probability distribution of economically
recoverable resources.

PRESTO 5 models the exploration,

*The term Monte Carlo sampling is used in a generic
sense. Although traditional Monte Carlo sampling is
available as an option in PRESTO 5, a similar concept
called Latin Hypercube sampling was used exclusively in
this assessment. Latin Hypercube sampling results in a
more complete sampling of distributions with fewer trials.
Essentially, a probability distribution is divided into
partitions of equal probability area, with the number of
partitions equal to the number of trials. Each partition is
randomly sampled without replacement until all trials are
complete (and all partitions sampled). The LHS provides
a program framework that supports code to impose
variable correlations specified by the assessor.
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development, and production for every pool
output by GRASP. In addition to the pool-
specific geologic resources and risking
information provided by GRASP, the evaluator
must develop various cost, engineering, and
economic input files. These data files are used by
the program to schedule production volumes,
costs, revenues, and taxes, which are necessary to
compute present worth using the DCF analysis.

The cost input file for PRESTO 5 includes
ranges for variables such as exploration wells;
platforms; production wells; transportation (as
pipeline capital costs or tariffs); operating costs;
among many others (see Chapter 11). Cost
matrices are established according to various
elements (e.g., water depth, drilling depth,
numbser of platform slots). Low, most probable,
and high values are estimated for each step of the
controlling element (e.g., ranges of exploratory
well drilling costs for every 1,000 feet of drilling
depth). The engineering input file schedules all
drilling and development activities (e.g., design,
fabrication, and installation time for platforms).
An economics input file provides discount rates,
inflation rates, royalty rates, real increases in
prices and costs, and starting oil and gas prices.
These various files are brought together under an
input processor that executes the program and
provides output options. Particulars for the
economic modeling assumptions used in this
assessment can be found in Chapter 11.

: Computin nomi

The structure of the PRESTO model can be
broadly divided into four main activities: risking;
sampling; computation; and compilation of
outputs.

As mentioned previously, the risking
structure for the geologic plays and pools within
the geologic plays is established through GRASP
and imported by PRESTO. On a given trial,
PRESTO compares computer generated, psexdo-



random numbers® with the risk factors to
determine which plays contain oil or gas on the
particular trial and which pools are hydrocarbon-
bearing within the individual plays. PRESTO
conducts all of the risking at one time to develop
a “hit history” (a matrix of productive pools and
plays over all trials). The matrix discloses the
number of pools and plays that have resources on
any given trial, as well as the number of
successful trials for any given pool or play. All of
the risking occurs in the beginning, so that Latin
Hypercube Sampling (LHS) can be used. LHS
requires the number of successful trials for pools
before sampling can begin, because input
distributions are divided into a number of
partitions equal to the number of successful trials.
A pool that is sampled as having oil or gas on 107
trials, for example, will have all of its input
distributions divided into 107 partitions of equal
probability area. Each input distribution will be
sampled 107 times, with each partition of every
distribution being randomly sampled one time.
Other pools will have their own counts of
successful trials where they were modeled as
containing hydrocarbons, as a direct response to
the individual pool risks.

Once the risking process is complete,
sampling of the input variable distributions
occurs. The entire variable sampling for each
pool is performed at one time to be able to use
the variable correlation features of the program.
The initial sampling of all of the distributions for a
pool over all of the trials assumes total
independence of the variables. If no variable
correlations are identified, the sampling process is
complete. If the evaluator chooses to correlate

SPseudo-random numbers - a random number seed is
used as a starting point in an algorithm that generates a
. sequence of “random” numbers (hence, “pseudo-
random”). Computer runs can be reproduced exactly at
some later time by using the same sequence of “random”
numbers to sample distributions. Changing the random
number seed will generate a completely different sequence
of numbers. If a sufficiently large number of trials is
used, changing the random seed should not have a
significant impact on final model results.
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certain variables (either positively or negatively),
internal PRESTO algorithms rearrange the
originally sampled values to ensure the specified
degree of correlation. Correlations among the
input variables are induced through a rank
transformation process (for more information, see
References, Correlations and Sampling). Once all
variables have been sampled (and correlated, if
appropriate), then the computation process can
begin.

The computation process has become quite
complex in PRESTO 5, which performs a
discounted cash flow for each productive pool in
atrial. A description of the conceptual modeling
during a single trial will illustrate the capabilities
of PRESTO 5. First, all pools are evaluated
individually for the trial:

® A given pool is sampled to determine the

areal extent of its reservoir on the specific trial

(the area ultimately controls the number of

development wells and platforms).

_ ® The numbers of exploration and
delineation wells are based on an input of the
average number needed to appraise the
drainage area for a platform.
® The number of platforms modeled for the
pool on the specific trial will be controlled by
the maximum number of well slots allowed for
each platform.
® The number of development wells is
determined (both producers and service wells)
for each platform, based on the pool area and
the well spacing variable.
® Drilling and production activities are
scheduled.
® Costs associated with these development
activities are determined from sampling the
cost file.
® Reservoir parameters determine flow rates
and a production schedule is computed.
® Economic inputs determine the price paths
for oil and gas over time, which are used to
estimate future revenues.
® Tax consequences are factored into the
cash flow. ’
® All costs, revenues, taxes, and royalties

9-Computer models



are accounted for in a discounted cash flow
process, which yields annual future values of
the cash streams.

® The future cash flows are discounted to
current dollars and summed to a present
worth value for the pool. If that value is
negative, the resource is subeconomic and
deleted from that specific assessment trial.
These subeconomic trials constitute
economic failure.

® The frequency of economic failure is
added to the geologic risk to ultimately yield
an output risk for the pool (as shown on fig.
9.7, Prospect Loop).

This process is repeated for all pools in the
play. Economic resources for all pools are
summed to the play level to determine if
adequate resources are available to justify the
costs of development infrastructure to support
the play. If so, the resources are added to the
tabulation of economically successful trials for
the play. If the play cannot support the
required infrastructure and transportation
costs, the resources for all pools are set to
zero on that trial. Unsuccessful trials increase
the economic risk for that particular play.
Province resources are calculated as the sum
of economic resources for all plays in the
province®. If the province resources are
adequate to justify costs of development
(economic value is positive), all results are
stored for the trial. If not, all pool and play
economic results for the province are set to
zero for that trial.

At the conclusion of one trial, all pools in all
plays have been tested to determine whether they
contain oil or gas. If they do, a complete
development simulation and cash flow analysis

Oftentimes, only one pipeline transportation system
is considered and that is at the province level, modeling a
trunkline needed to support development in a new area.
Individual pools support flow lines to the platforms, and
specific plays support gathering lines into the main
trunkline. ‘

9-Computer models

has been performed. Pool results are aggregated
to the play level, and play level results are
aggregated to the province level. Each trial may
analyze several hundred pools in a province.
Then, the process begins again for the next trial,
until a sufficient number of trials (usually 1,000)
are complete.

At the conclusion of all trials, the
computation results for all trials are sorted and
ranked to produce probability distributions of
possible economically recoverable resources. A
trial count is available for each pool, showing
how many times it was “hit” (simulated as drilled
and resources discovered), and how frequently it
was economic to produce. Results for volumes of
oil, gas, solution gas, condensate, total
hydrocarbon energy (barrels of oil-equivalent),
profit, royalty, and tax are reported (as risked
means of distributions) at the pool, play, and
province levels. Complete conditional and risked
"probability distributions and statistics for
economic results are reported at the play and
province level. PRESTO 5 also reports statistics
for net economic value, numbers of exploration
wells, delineation wells, oil wells, gas wells, and
platforms. In addition to this vast tabular output,
various graphics are available for most model

"Conditional - resources conditioned on the resources
being present and economic; based only on the number of
trials meeting both conditions (no zero trials). Prospect
conditional resource volumes are the expected amount if
the prospect is actually productive. These volumes are
necessary for the model to properly estimate production
revenues, development and transportation infrastructure
costs, and other components of the DCF analysis. Risked
- resources discounted by geologic and economic risk.
Based on all trials, including trials with zero values
(zeroed because resources did not exist geologically or
zeroed because the volume was determined to be too low
to be economic after DCF evaluation). Risked estimates
are statistically appropriate for comparison. They are
used for constructing price-supply curves and appear in
tables of estimates used for comparisons in this report. If
the condition has been met (economically recoverable
resources do exist), then conditional and risked results
will be the same. Otherwise, the effect of incorporating
the zero trials into the risked estimates is to lower them
relative to the conditional estimates.



elements (e.g., complementary cumulative curves,
histograms).

All plays in a geologic province are evaluated
in one PRESTO computer run. Aggregation of
the plays occurs within PRESTO, which honors
dependencies among plays if appropriate.
FASPAG is used for the final aggregation of the
economically recoverable resources for all of the
provinces up to the subregion level and for the
total Alaska offshore.

RE : Pri I

One of the most significant improvements
incorporated into PRESTO 5 was the ability to
construct price-supply curves. The discounted
cash flow approach described above is for one set
of possible economic conditions. In the previous
National Assessment, MMS assessed the
conventionally recoverable resources (no
economics); and the economically recoverable
resources under two sets of economic conditions.
For the 1995 assessment, MMS decided to
provide economic results for a continuum of
starting oil or gas prices. This information is
reported in the form of price-supply curves.

The process described in the previous section
was for a single PRESTO run, under a given set
of economic conditions. Alternatively, PRESTO
5 can be run in “price-supply mode,” where it
continues making PRESTO runs in an iterative
fashion, each time changing the starting prices.
The first run has a high starting price ($50/bbl of
oil, for example; specified by the user). The full
complement of PRESTO trials are run, and all
usual outputs are created and stored. The results
from this initial high price run approach the
GRASP endowment results, which do not contain
any economic risk. The second iteration halves

%4 base case was assessed in 1987, with a starting oil
price of $18/bbl, a starting gas price of §1.80/Mcf, and
other assumptions reflecting the prevailing economic
conditions at that time. An alternative case was also
assessed, with a starting oil price of 330/bbl, a starting
gas price of 33.00/Mcf, and more optimistic assumptions
regarding economic conditions.

the first price and reruns the PRESTO program,
once again storing the results. Prices continue to
be halved and additional iterations run until a
price floor is reached below which no resources
are economic on any trials. The program then
methodically increases prices and continues with
additional runs to fill in remaining gaps in the
curves. Typically, PRESTO 5 runs 20 to

25 iterations at different prices until a full suite of
economic results are obtained, and smooth price-
supply curves are constructed (as shown on

- fig. 9.7, final steps within the darker gray box).

The price-supply curves can display price
versus mean (or average) values, or price versus
resource values at other percentiles (such as a low
value having a 95 percent chance of that amount
or more occurring, or a high value having a
5 percent chance of that amount or more). A
sample set of curves is shown on figure 9.8. Ifa
horizontal line were extended from a given
starting price, the values where the line
intersected the low, mean, and high curves would
correspond to the 95 percent, mean, and
5 percent values for economically recoverable oil
on the specific PRESTO run for that price. It is
easy to imagine similar curves at other percentiles
existing between the plotted curves. Any random
point on the price-supply diagram represents a
unique combination of price, volume, and
probability.

Although numerous tables of detailed data are
available from PRESTO, the price-supply curves
are a primary output for the assessment because
they reduce an enormous amount of information to
a single illustration. The curves simply show that
increases in price drive corresponding increases in
the volumes of oil and gas that can be economically
recovered, primarily through the profitable
development of progressively smaller fields.

Inspection of price-supply curves allows
interpretation of economically recoverable volumes
of oil or gas at any commodity price. They can be
used to provide quick, approximate answers to
“what if” scenarios: “What if price of oil increased
to $25/bbl?” “Would there be exploration interest
in this area if price drops to $15/bbl?” In a sense,
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the price-supply curves are timeless. The 1995
economic model did not apply real increases to oil
prices, gas prices, or costs. To determine the
resources associated with a price at some time in the
future, the user must assume that inflationary effects
on prices are mirrored in costs to the same degree.
A reduction in costs that significantly afters the cost-
price relationship would require changes to the cost
file used by the program and warrant a new
assessment.

PRESTO Conclusions

As a result of changes to the program,
PRESTO $ is much more complicated and
sophisticated than previous versions, but
produces graphical outputs that present vast
amounts of information in a more convenient and
easily understood format. If the results are more
easily understood and interpreted, they can be
used to provide answers to a wider variety of
questions. Furthermore, the versatility of the
price-supply curve analysis should extend the
useful life of this assessment, because the
estimates do not necessarily become obsolete
when a sudden price change occurs.

SUMMARY

The 1987 MMS assessment of undiscovered
oil and gas resources received several criticisms
that have been addressed in the current’
assessment through changes in the assessment
models; through adopting a more optimistic
geologic perspective; and, through a more
rigorous economic analysis of individual pools.
Each MMS assessment has been an
improvement over the previous one. The 1995
assessment represents a culmination of years of
model evolution along with the interpretation
of the most recent available data.

This chapter has presented the modeling
framework that shaped the 1995 assessment.
The next two chapters provide specific
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information on the data used for the geologic
and economic assessments.
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ASSESSMENT PROGRAMS

Overview
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i

PRESTO N

ESTIMATE
ECONOMICALLY
RECOVERABLE
OiL & GAS

Figure 9.1: Overview of MMS oil and gas resource assessment
computer programs.
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Figure 9.2: Conceptual flowchart for the GRASP program, used by MMS to assess conventionally recoverable oil and gas resources,
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Figure 9.3: (A), Example of a lognormal distribution; and (B), example of a rormal
distribution, both shown as probability density functions.
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10. GEOLOGIC DATA BASE FOR ASSESSMENT OF UNDISCOVERED,
CONVENTIONALLY RECOVERABLE OIL AND GAS RESOURCES

RELIANCE UPON MAPPED PROSPECTS

The creation of the geologic data base used to
calculate the undiscovered oil and gas resources
of the Alaska offshore drew data from MMS
seismic mapping, exploratory wells, producing
fields, commercial data compilations (e.g.,
Petroconsultants, Inc.), and published literature.
A complete tabulation of the geologic data base
used to calculate the undiscovered resource
potentials of the 74 plays identified in the Alaska
Federal offshore is given in Appendix A.

Perhaps the greatest strength of the 1995
Alaska offshore assessment is the reliance placed
upon the detailed seismic mapping conducted
offshore over the past 20 years by the Alaska
(Region) office of the Minerals Management
Service. Over these two decades, nearly half a
million line-miles of seismic data were acquired by
this office from the industry grid in the Alaska
offshore. Over the years, this data was used to
proactively search out and map prospects in
support of economic evaluations of bids for leases
in offshore sales. By the time of the 1995
assessment, this mapping had identified the
locations and sizes of 2,432 prospects in the
Alaska offshore. This mapping was the basis for
estimates of the numbers of prospects and the
areal sizes of prospects, elements of the data base
that were particularly influential to calculations
for the undiscovered oil and gas potential of the
Alaska offshore.

PLAY IDENTIFICATION

The basic object of study in regional oil and
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gas assessments is the geologic play', which is a
genetic or familial grouping of petroleum
accumulations and prospects. When prospects
and fields are properly organized into geologic
plays, their sizes and numbers usually obey
certain mathematic laws® that are utilized by the
computer models as part of the process of
estimating undiscovered resources (Kaufman,
1965; Baker and others, 1986, Schuenemeyer and
others, 1990; Houghton and others, 1993).

In most Alaska offshore assessment
provinces, the first test of genetic association was
stratigraphic sequence. The geologic column for
each basin was partitioned into the stratigraphic
sequences that recorded the important events in
the history of basin development. These
stratigraphic sequences then united families of
plays, each play representing the different
structural or stratigraphic contexts of the
stratigraphic sequence in different parts of the
basin. For example, the “Lower Brookian”
stratigraphic sequence blankets most of Chukchi
shelf. In the south, Lower Brookian rocks are
folded and these were set aside as a separate play.
To the north, the same rocks are not folded but
are dissected by dense arrays of transtensional
faults. These faulted Lower Brookian rocks will
offer distinctly smaller trap sizes and clearly
should not be grouped in the same play. as the
folded rocks. We also recognize that potential
reservoirs in the Lower Brookian sequence occur

'“A play is a group of prospects (potential field sites)
and any known related fields having common oil or gas
sources, migration relationships, reservoir formations,
seals, and trap types” (White, 1993, p. 2049).

lgenerally log-normal or similar right-skewed
distributions that predict that there are many small
deposits and very few large deposits in the play
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in two highly dissimilar depositional settings: (1)
turbidite sandstones deposited in deep water at
the bases of deltaic slopes, and (2) sandstones
deposited in fluvial to shallow marine settings
near delta shorelines. These different
depositional environments will produce quite
different reservoirs in terms of thickness,
continuity, and potential storage volumes, and,
should therefore be grouped into separate plays.
Lastly, Lower Brookian rocks are so deeply
buried in some areas that only gas® will be
present; elsewhere, these same rocks are likely to
contain oil. The “gas-only” areas were set apart
as separate plays because the relative proportions
of oil and gas are important parts of the data
models. The complex overlapping of depositional
environments, structural settings, and petroleum
types (gas vs. oil) in the end justified the
identification of 9 separate plays for the Lower

- Brookian sequence on Chukchi shelf. A similar
analysis was conducted in each of the

11 assessment provinces that offered any potential
for undiscovered, conventionally recoverable oil
and gas resources. Altogether, 74 exploration
plays were identified and quantitatively assessed
in the Alaska offshore.

PLAY ANALYSIS, PEER REVIEW, AND
MANAGEMENT OVERSIGHT

Comprehensive and rational play
identification is the cornerstone of any oil and gas
assessment. Early in the process of play
identification, the MMS tried to draw upon all
possible sources of expertise in this area. In
March 1993 the Alaska (Region) office held a
workshop where play concepts were reviewed by
MMS headquarters management, representatives
from other Federal agencies, and noted experts
Dr. David White and Dr. Richard Procter, the
latter brought into the project as contractors to
the MMS. This meeting, and other less formal
consultations in early stages of the project, helped

Mtemperatures too high for the preservation of oil
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shape the play concepts that later became
fundamental to the assessment process.

In January 1995, after numerical models for
plays had been constructed and preliminary results
had been obtained from the computer models, a
second peer review workshop was held. This
second workshop, attended by geoscientists from
other Federal agencies, the State of Alaska, and
private oil and gas firms, provided an open forum
in which model shortcomings could be identified
and aired. Play concepts, input data, and
preliminary estimates for oil and gas potential
were presented. Reviewers attending this meeting
were largely receptive to the proposed data bases
and preliminary results. After incorporating the
results of the peer review, new computer runs
were conducted in Alaska through January and
February of 1995. Several internal MMS review
mectings where comparisons were made among
results from all offshore areas (Atlantic margin,
Gulf of Mexico, Pacific margin) were held
throughout 1995. Assessment results were
finalized in January 1996, nearly 3 years after the
first play identification meeting in 1993, and at the
conclusion of a long process of analysis, review,
reconsideration, and model iterative computer
model runs. The most important contribution of
this extensive review process was to enlist the aid
of the geoscientific community in capturing all
possible play concepts for pooling of oil and gas
resources in the Alaska offshore.

PROSPECT AREAS

Once geologic plays were identified and
defined, mapped prospects in each basin were
assigned to their respective plays. The areas of
these prospects (areas of maximum closure) were
measured and then statistically analyzed to
develop probability distributions for input to
computer models. The analysis consisted of
assembling prospect areas as point data onto log-
probability plots and then choosing a “best fit”
line of some kind. The scatter plots for prospect
areas typically formed linear arrays, revealing a -



fundamentally log-normal mathematic nature*.
An example log-probability plot for prospect
areas in one play is shown in figure 10.1, and it is
evident that it would be easy to choose a “best-
fit” line for the prospect areas for that particular
play (Brookian foldbelt, Chukchi shelf). In
general, assessors would inspect the plots and
then draw a linear “fit” to the scatter plot, but the
computer programs also offered a choice of data-
fitting routines.

The interpreted “best-fit” line chosen by the
assessor then became the probability distribution
for prospect areas for that particular play. A
linear fit could be aggregated with other log-
normal distributions using the log-normal
computational option in the computer programs.
In the event that the prospect area data departed
strongly from log-normality and the assessor felt
assured that his data did not include more than a
single play, a curved “best fit” on a log-
probability plot could be defined. The probability
distribution developed from a non-linear
interpretation would be aggregated with other
probability distributions using the Monte Carlo
computational option in the computer models.

THE ASSUMPTION OF LOG-NORMALITY
AND THE “FORCE-FIT” PROBABILITY
DISTRIBUTION

The assumption of log-normality of
probability distributions pervades the mathematic
structure of the PRASS computer model and log-
normal mathematics forms the preferred method
of aggregation, although Monte Carlo sampling is
also offered as an aggregation option. However,
the paucity of geologic data in many areas forced
assessors to create “force-fit” probability
distributions based on estimates for minimum and

‘Log-normal functions form straight lines on log-
probability plots. Departure from log-normality in these
plots was taken as possible evidence that more than one
play was represented in the plot and that narrower play
definitions might be entertained.
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maximum values and assumptions about the
intrinsic mathematic nature of the probability
distribution. Most probability distributions based
on sparse data were assumed to be log-normal.
Accordingly, most input (probability)
distributions developed for this assessment are
approximately log-normal. Input probability
distributions are tabulated in Appendix A.

The input parameters required by the
computer models are listed in the sample data
forms shown in figures 10.2 and 10.3. In many
assessment provinces with little or no exploratory
drilling there are very little data available for
many of these input parameters. However, in
many cases, some data are available about the
extreme ranges for any particular input
parameter. For example, in the calculation of gas
recovery yields, the reservoir temperature is an
important variable (fig. 10.2) that varies greatly
within and between plays according to burial
depth and local geothermal gradients. One
approach to constructing a probability distribution
for reservoir temperatures is to first estimate the
temperatures of the shallowest (coolest) and
deepest (hottest) prospects, and then, to post the
minimum temperature at the 99 percent
probability and the maximum temperature at the
1 percent probability in a log-probability plot (like
fig. 10.1). A straight line is then drawn
connecting the two points (thereby invoking the
assumption of log-normality) to create a
probability distribution for reservoir
temperature for the play. Newendorp (1975,

p. 383) termed such constructions force-fit
distributions. Many input probability
distributions in the geologic data base for this
assessment were created using this method.

COMPUTATION OF POOL AREAS

Probability distributions for pool areas were
computed in the PORE module of either PRASS
or GRASP by multiplying (the probability
distribution for) prospect areas by (the probability
distribution for) trap fill fractions. Prospect area

10-Geologic modeling



data were compiled from seismic mapping in the
manner described above. Trap fill data were
instead drawn from a much more subjective
analysis.

In Alaska, at the time of the 1995 assessment,
all commercial oil fields, and most known
accumulations, were located beneath State of
Alaska lands, where the MMS does not have
access to detailed seismic mapping. Therefore,
we generally do not know the full sizes and
extents of the structures occupied by the Alaskan
oil fields and cannot estimate what fractions of
the structures are filled with oil. It is generally
understood from published accounts that Prudhoe
Bay field must nearly fill the structure it presently
occupies (Jones and Speers, 1976, Wadman and
others, 1979), but fill fractions are generally not
available for other northern Alaska fields or the
fields in Cook Inlet.

The formulation of probability distributions
for trap fill fractions therefore relied upon
subjective analysis of each of the key elements
controlling trap fill. Assessors first considered the
charge potential for the play, that is, the extent to
which hydrocarbons were made available to fill
traps within the play. In plays understood to have
easy access to abundant hydrocarbons migrating
from areas of prolific oil and gas generation, trap
fill fractions were permitted to rise to a maximum
of 1.0 (100%). For example, plays favorably
located along a regional arch (like Barrow Arch in
northern Alaska) that is known to have acted as a
regional gathering system for migrating
petroleum, would be expected to generally offer
more complete filling of prospects. Conversely,
plays perceived to only have access to modest
quantities of hydrocarbons were modeled with
prospects incompletely filled. For plays requiring
lengthy migration distances, even to
acknowledged prolific generation centers, trap fill
fractions were reduced in recognition of the
potential high losses and risk of diversion incurred
by long-distance migration.

Given access to some significant source of
hydrocarbons for the play, attention was then
turned to trap size, trap amplitude, trap type, and
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seal integrity. Trap size is an issue where limited
hydrocarbons are available to fill high-volume
traps. Trap amplitude becomes a factor when the
vertical relief is very large, so large that
differential pressures across seals’ at the crests
would probably rupture and allow the
hydrocarbons to escape. In Navarin basin, for
example, some structures offer thousands of feet
of vertical relief (Turner and others, 1985, p. 53,
fig. 13). The poorly-consolidated Tertiary shales
invoked as seals for the Navarin basin structures
certainly would not retain a petroleum column
several thousands of feet in height no matter what
quantity of hydrocarbons were available to charge
the structure. Trap integrity is also a function of
trap type. A trap sealed by one or more faults is
probably at more risk for leakage than a simple
anticline sealed by a single, continuous shale
formation. Seal integrity is generally controlled
by lithology and thickness. Even high-amplitude
prospects could reasonably be allowed to be
completely filled if sealed by thick, well-
consolidated, clay-rich shales. Shales that can be
shown to be geopressured also offer greater seal
integrity and more complete filling of traps might
be anticipated where such geopressured shales
form the seals.

The subjective analysis is only credible when
it results in probability distributions that reflect
the assessor’s perceptions about the relative
statures of plays with regard to the particular
aspect under appraisal, in this case, trap fill
fractions. The absolute values in these
distributions, though certainly important to the
computations, are difficult to defend in the
absence of local data. Probability distributions for
trap fill fractions for all 74 plays , all the product
of subjective analysis, are tabulated in
Appendix A.

Screated by contrasts between hydrostatic pressures in
rocks saturated by relatively high-density water and
excess pressures (“buoyant pressures”) developed in
columns of relatively low-density hydrocarbons



COMPUTATION OF OIL AND GAS
RECOVERY FACTORS

The GRASP computer model requires entries
for recoverable petroleum per unit volume of
petroleum-saturated reservoir. The sample data
form in figure 10.3 lists these entries as “Oil
Recovery Factor” (barrels per acre-foot of
reservoir pool) and “Gas Recovery Factor”
(millions of cubic feet of gas per acre-foot of
reservoir pool). In the absence of local
production experience, predicting these values for
undiscovered pools is difficult because they are
the product of complex interactions of many
contributing factors. If one could find data for
analogous reservoirs in comparable plays or
geologic settings, that data might be confidently
extended to the reservoir in the play under study.
However, establishing credible analogs and
finding data for them are both difficult tasks. In
the end, most assessors chose to use the
computer model to calculate these recovery
factors using more fundamental information that
is often readily available from regional studies or
local well data, and then to compare results to any
known credible analogs.

The data required to compute recovery
factors are essentially the variables in the yield
equations for oil and gas. These are listed in the
sample data form in figure 10.2 and tabulated
with the equations below:

Qil Recovery Factor, or Oil Yield:
a. Porosity
b. Hydrocarbon Saturation
¢. Oil Formation Volume Factor
d. Oil Recovery Efficiency

Barrels Oil Recoverable per Acre-Foot of Pool
Reservoir (BO)
= 7758.38 Bblacre-ft (a-b-d/c)

Gas Recovery Factor, or Gas Yield:
a. Porosity
b. Hydrocarbon Saturation
¢. Reservoir Pressure (pounds per in%)
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d. Reservoir Temperature (in *Rankine=
°F+460)

e. Gas Deviation Factor

f. Combustible Gas Fraction

g. Gas Recovery Efficiency

Millions of Cubic Feet of Gas Recoverable per
Acre-Foot of Pool Reservoir (MMCFG)*

= [43,560 ft/acre-fi] [abfg]
[(60 °+460 9/d-e] [c/14.73] [1/1,000,000]

* (at standard surface conditions of 60 °F
and 14.73 pounds per in’ [1 atmosphere])

Many of these variables, such as porosity,
temperature, and pressure, are depth-dependent
and can be predicted over the depth ranges of
plays if geothermal, geopressure, and porosity-
decline gradients, respectively, are known. These
latter data are readily available from exploratory
wells and can often be extrapolated with some
confidence over large areas.

If reservoir texture can be estimated,
hydrocarbon saturations can be predicted from
porosity determinations (independently estimated
from burial depth or similar means). Most
assessors developed estimates for saturation by
reference to White (1989, p. 3-15), or, by
reference to a series of general tables and charts.
The latter approach began by estimating the
lithology and grain size of potential reservoirs and
using these data to estimate bulk volume water
using a published table (Asquith and Gibson,
1982, p. 98, tbl. 8). The value for bulk volume
water was taken as equivalent to the “¢S,,”
(porosity - irreducible water saturation) curves in
a porosity-saturation cross plot published by
Schlumberger (1991, p. 158, chart K-3). By
pairing a porosity value (predicted from bunal
depth) with a “¢S,; ” value (from textural
considerations and the Asquith table), an estimate
for irreducible water saturation (= 1-hydrocarbon
saturation) can be read from the Schlumberger
chart. In this way, minimum and maximum values
for hydrocarbon saturations were determined for
the play and used to construct “force-fit”
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probability distributions for entry to the computer
models.

When oil is produced, it shrinks in volume
because gases dissolved in the oil at reservoir
pressures are released at surface pressures. This
volume change is represented by the “Oil
Formation Volume Factor” and it is dictated by
the quantity of dissolved solution gas (gas-oil
ratio, or GOR), which is in turn controlled by
reservoir pressure, temperature and petroleum
composition(s). The Formation Volume Factor
was estimated by reference to nomographs by
M.B. Standing (republished by both McCain
[1973, p. 187, fig. 4-18] and White [1989, p. 3-
20, 3-21]) and using estimates for GOR, oil and
gas gravities, reservoir pressures, and reservoir
temperatures. In the absence of local data for oil
or gas gravities®, assessors used data published by
White (1989, p. 3-23, 3-24).

Ranges in oil and gas recovery efficiencies
were estimated from local reserve studies and
production histories, where available, or, by
referring to recovery data for various
combinations of reservoirs and drive mechanisms
as published by White (1989, p. 3-29 to 3-31) or
Arps (1967).

The gas “Z” factor, or “deviation” factor, was
determined using charts published by Standings
and Katz (1942; republished by Anderson, 1975,
p. 155-156) and using estimates for gas gravities
and reservoir temperatures and pressures.

Probability distributions for all of the variables
in the yield equations, and appropriate unit
conversion constants, were entered to the PRASS
computer program and aggregated under
independence’ to calculate probability

®Most natural gas gravities range from 0.6 to 0.8
(density relative to air). The range of gas gravities
reported for 27 Alaskan fields is 0.556 to 0.790, with an
average of 0.584. Qil gravity data are also available for
commercial oil fields (data from AOGCC, 1994).

"Aggregation under independence probably reduced
the range, or variance, of the probability distributions for
oil recovery factors. Conversely, some experimentation
showed that aggregation under independence actually
increased the variance of probability distributions for gas
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distributions for oil and gas recovery factors.

PROSPECT NUMBERS

Geophysical mapping conducted by the
Alaska Regional office of MMS had identified a
total of 2,432 prospects on the continental shelves
of the Alaska Federal offshore by the time of the
1995 assessment. However, both here and in
most petroleum provinces, it is generally
conceded that large numbers of prospects remain
unidentified, some even in the most thoroughly
mapped areas. “Unidentified” prospects exist for
a variety of reasons. Some prospects remain
unidentified because some areas lack seismic data.
Some smaller prospects may have been missed
because they fall between widely spaced lines in
the seismic grid. Other prospects may be missed
because of lack of detail in stratigraphic analysis.
Lastly, many prospects may remain unidentified
because they are subtle or impossible to detect in
seismic data, for example, porous sandstones
sealed laterally by pore blockages unrelated to
seismically-detectable structures or lithologic
changes. It is generally acknowledged that
unidentified prospects exist in all basins, that
some fraction of the unidentified prospects
probably contain petroleum, and that some of the
unidentified prospects will ultimately be tested
and discovered to contain pooled oil or gas,
perhaps in commercial quantities. Therefore,
unidentified prospects must be given account in
the assessment of undiscovered oil and gas
potential.

For each of the 74 exploration plays identified
in the Alaska Federal offshore, assessors were
asked to supplement the numbers of known
prospects with some estimate of the numbers of
prospects that might remain unidentified. The
estimation process focused on the completeness

recovery factors. The choice of independent (versus
dependent) aggregation does not materially affect the
outcome at the median or mean, but does affect outcomes
at extreme probabilities.



of seismic information and the level of geological
complexity. In thoroughly-mapped areas of
simple geology, relatively few prospects are
expected to remain unidentified. Conversely, in
areas of complex geology or deficient analysis
(sparse seismic data, or rudimentary seismic-
stratigraphic analysis), very large numbers of
prospects might reasonably be expected to remain
unidentified. Both kinds of areas are represented
in the Alaska Federal offshore.

Overall, Alaska Region assessors estimated
that as many as 3,450 prospects might remain
unidentified in the 74 exploration plays in the
half million square miles of the 11 assessment
provinces involving the continental shelves of the
Alaska Federal offshore. When added to the
numbers of mapped prospects, we have a
maximum endowment of 5,882 prospects that
yielded a maximum endowment of 2,097
hypothetical pools® that contributed oil and gas
volumes to overall assessment results.

When devising a prospect numbers probability
distribution for a play, assessors first posted the
number of mapped prospects at F99 (99%
frequency of exceedance) on a log-probability
plot (example plot type in fig. 10.1). To the
number of mapped prospects the assessor added
the number of unidentified prospects; this sum
was then posted at the extreme right at ~F00
(approximately 0% frequency of exceedance) on
the same log-probability plot. A line connecting
these two data points then defined the probability
distribution for prospect numbers for that
particular play.

In some assessment provinces, some
structures had been tested by exploration wells
and found to be barren of hydrocarbons. Because
our purpose was to estimate the undiscovered
potential, it was necessary to remove these tested-
and-barren structures from the overall trap
endowment of the play. Of course, these
unsuccessful tests contributed to a perception of
elevated risk for the play, and, in this way,

Ssum of maximum numbers of pools found for 74
plays, as reported in Appendix A
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contributed to a reduction in overall potential.
However, we wanted to explicitly remove these
tested-and-barren structures from the data base.
This was done by lowering the prospect numbers
distribution by an amount equal to the number of
barren structures in the play. The prospect
numbers distributions were amended by
subtracting the numbers of barren structures from
both the numbers of mapped (F99) and total
(~F00) prospects, posting the amended values,
and then drawing a new prospect numbers
distribution between the two amended values.

Structures that were tested and found to
contain quantified® petroleum resources were
removed from the overall hydrocarbon -
endowment by a separate process. Discovered
resources were subtracted from the overall
endowment by first matching'® known or
discovered pools to the hypothetical pools created
by the model (e.g., ranked-pool plots of Appendix
B). After matching discoveries to hypothetical
pools, each matched hypothetical pool was then
mathematically extracted from the overall play
resource endowment. The removal of discovered
pools in this manner was conducted only in the
Beaufort shelf assessment province.

RISK ASSESSMENT

Analysis of risk for plays was carried out in
the Alaska (Region) office along the lines
suggested by White (1993) and using a risk
analysis form (shown here as fig. 10.4) that was
adapted from White’s paper. Risk was assessed
at two levels for each play. Risk was first
assessed at the play level, where the absence of a
critical element could hazard the success of the
entire play. Secondly, risk was assessed at the
prospect level, where a critical element might be

Some structures have been found to contain
petroleum (for example, 4 sites in Chukchi Sea), but no
estimates for recoverable resources are available.

using productive pore volumes (pool area - net pay),
in MATCH module of GRASP computer program
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absent at some sites and cause failure of some
fraction of the prospects in the play.

Estimates of prospect level chances of success
are conditional upon success (i.e., success is
assumed) at the play level because the play
chance is ultimately multiplied against the
prospect chance to obtain an “exploration”
chance. The exploration chance is in turn used
with the (probability distribution for) numbers of
prospects to determine the (probability
distribution for) numbers of pools"'. Chances for
success at the prospect level are therefore

- analogous to drilling success rates or ratios, and,
accordingly, are often modeled after known
drilling success rates experienced in commercially
successful plays in productive basins elsewhere in
the world (examples provided by Clifford, 1986,
p- 370).

Success of a play or prospect can be defined
in different ways. Commercial success in oil
prospecting is contingent upon finding sufficient
reserves to permit the accumulation to be
developed at a profit. However, some (or most)
oil or gas pools, particularly in the Arctic, are too
small to warrant commercial development.
Nevertheless, these small pools represent
“geologic” successes, proving that oil or gas must
have been generated somewhere and was able to
migrate to traps bearing porous media that could
be filled with petroleum. In effect, the small
pools, by their existence, prove that all
components of the petroleum system are working
properly.

In the 1995 assessment of the Alaska
offshore, the condition for “geologic” success for
a play was a single occurrence of conventionally
pooled hydrocarbons capable of flowing to a
wellbore. Any play known or believed to host
such an occurrence was assigned a play level
chance of success of 1.0. No attempt was made
to formalize a specific minimum field size as part
of the condition of “geologic” success. Although

"actually performed in a mathematically complex
process by the MPRO module of the GRASP computer
program, as described by Bennett (1994)
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similar definitions for play success, in which no
minimum pool sizes are specified, are advocated
by some experts, (Capen, 1992; Rose, 1992), the
practice is admittedly controversial and has been
criticized by other prominent experts such as
White (1993, p. 2050).

We note for the record that the very smallest
pools found by the 1995 offshore assessment
ranged down to approximately 100,000 barrels of
oil and 700 million cubic feet of gas (see ranked
pool plots in Appendix B). In this Arctic setting,
as a matter of practicality, these sizes are not
materially different from the minimum pool sizes
(1 million barrels of oil, 6 billion cubic feet of gas)
formally adopted by the U.S. Geological Survey
in their 1995 assessment of the Alaska onshore
(USGS, 1995). Even if this office had adopted
the same minimum pool sizes as those adopted by
the U.S. Geological Survey, it would have had no
practical effect on the way we approached
construction of our play data bases.

The construction of risk models for most
plays in the frontier Alaska basins required a :
subjective appraisal of the factors underlying play
success. Our subjective risk analysis focused
upon each of the main elements required for
successful creation and preservation of oil or gas
accumulations, as listed in the sample risk analysis
form of figure 10.4.

The key elements of risk were grouped into
four major categories: 1) trap success; 2),
reservoir success; 3) charge or source success;
and 4) preservation success. Subsidiary elements
of trap success include closure presence (risk
related to seismic definition), seal presence (or
integrity), and timing (of trap formation relative
to hydrocarbon generation and migration).
Subsidiary elements of reservoir success include
reservoir presence (stratigraphic extent) and
presence of porosity and permeability. Subsidiary
elements of charge or source success include
presence (stratigraphic) of source rocks, thermal
maturity of source rocks, and migration
(direction, distance). Preservation success
becomes a factor, for example, where oil enters
very shallow reservoir and becomes subject to



biological and chemical processes that may
convert it to asphalt. Each element was analyzed
at both play and prospect levels.

When devising play-level risks, most
assessors respected White’s (1993, p. 2052)
admonition to focus only on the crifical group
risks—those particular factors that are most likely
to cause the play to fail. The assessor was also
cautioned to avoid the practice of adding
incremental risk simply to acknowledge
incomplete information, for example, by entering
“0.9” in each of the 9 play-level risk categories
listed in figure 10.4, which, when multiplied,
would yield an overall play chance of 0.39. This
value is probably too low and the analysis clearly
fails to identify the truly critical areas of risk for
the play. “Over-risking” by this practice presents
a further hazard in that it could cause the play to
be removed from further consideration. If a play
was so risky that the assessor felt that it had a
play chance less than 0.10, as a matter of policy
no further quantification of the play was
undertaken.

In completing the risk analysis form
(fig. 10.4), assessors were also advised to
preclude the hazard of “double-risking” by
simply avoiding, if at all possible, the practice of
making entries in the same risk element at both
the play and prospect levels (discussed by White,
1993, p. 2053).

White’s (1993) practice in assessing risk is to
estimate the chance that the play possesses a
given volumetric variable (e.g., reservoir
thickness, oil yield, prospect area, etc.) in quantity
sufficient to exceed some externally-defined
minimum value, as illustrated by his example
rhetorical question: “What is the chance that the
sandstone thickness will equal or exceed the
specified 5 meter minimum?” In the 1995
assessment of the Alaska Federal offshore, we did
not formally adopt any minimum quantities as
criteria for success in a risk element. Instead, we
analyzed the chance for existence at the play
level and frequency of existence at the prospect
level (i.e., chance of existence at any single
prospect).
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The subjective risk analysis, when completed,
was compared to commercial exploration success
rates in productive basins and plays as a test of
overall reasonableness. However, judging
“reasonableness” from such comparisons is
difficult because we are analyzing “geologic”
success rather than commercial success.
Although commercial success rates in productive
basins are widely available (e.g., Clifford, 1986),
very little data are available for rates of geologic
success among prospects in successful plays
around the world. However, because “geologic”
successes are presumably much more common
than commercial successes, the probabilities for
“geologic” success should be generally much
higher. As a means of setting an upper limit, we
assumed that prospect level chances of geologic
success in the very best plays probably would
approach commercial success rates for plays in
areas where costs are very low and very small
accumulations are economically viable. For
example, two recent papers (Shirley, 1994,
Durham, 1995) tout drilling discovery success
rates ranging from 71 to 84 percent on carefully
screened'? prospects in areas with extensive
infrastructure and low development costs. We
took these values as the upper limits for geologic
success in our high cost Alaska frontier basins.
For example, prospect level chances for geologic
success were permitted to rise as high as 0.81 in
the best" of several Beaufort shelf plays offering
long histories of spectacular commercial success
in nearby areas onshore.

Yyith sophisticated three-dimensional seismic
analysis and seismic modeling

BRift sequence play-UABS0701: includes commercial
oil fields at Kuparuk (2,500 mmbo), Point McIntyre (340
mmbo), Alpine (300 mmbo), Milne Point (220 mmbo),
Niakuk (65 mmbo), and West Beach (4 mmbo), and,
discoveries at Point Thomson (5 tcfg, 300 mmbo), Barrow

(40+ befg), and Walakpa (30 befg)
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RELATIONSHIP OF GEOLOGIC MODEL
TO ECONOMIC ASSESSMENT

After constructing a complete geologic data
model for each play, assessors embarked upon
computer runs to calculate the undiscovered oil
and gas endowments for the plays. These
endowments are the sum of the oil and gas
contents of all of the hypothetical pools, large
and small, modeled as existing within the play.
Because the geologic data base incorporates the
full ranges for input variables, that is, without any
“economic minimums”, the results of the
“geologic” assessment are total hydrocarbon
endowments entirely free of economic
constraints.

The results of the geologic modeling take two
forms. First, the results are reported as
probability distributions for (risked) oil, gas, and
BOE resources for each play. These results are
useful for reporting and comparing the ranges of
possible resources offered by plays. Secondly,
play results are reported as individual pools—that
is, the oil and gas volumes for each of the
hypothetical pools constructed from the geologic
model. The ranges of potentials for each pool are
also reported, allowing an appreciation of the
“upside” potential of the largest
pools—presumably the targets of any future
explorations.

The economic model passes the results of the
geologic assessment through an “economic '
screen” to identify those hypothetical pools that
could be developed at a profit. Fundamentally, it
is a process of separating the economic (large)
pools from the subeconomic (small) pools.
However, this characterization oversimplifies
what is actually a quite sophisticated process. A
hypothetical pool proposed from the geologic
model is actually given the same economic
scrutiny that would be given any new, potentially-
commercial discovery. Overall pool size is only
one of many important considerations. Pool areas
and depths strongly control costs while pay
thickness and yields (i.e., site richness) strongly
control individual well recoveries and revenues.
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It is quite possible, therefore, that a very large
pool of oil contained in a thin sandstone over a
large area at shallow depths (requiring many
development wells) will be unprofitable to
develop. Conversely, in the same area, a small
pool of oil in a thick, high-yield reservoir at
depths allowing extraction from a minimum of
surface installations may offer outstanding
profitability. Therefore, all of the relevant data in
the geologic model (GRASP), especially pool
depths, pool areas, reservoir thicknesses, and
reservoir yields, as well as the pool size results
from GRASP, must be drawn into the economic
model (PRESTO) for use in calculating economic
resources.
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Figure 10.1: Log probability plot for maximum areas within closure, in acres, for 57 prospects identified by seismic mapping in
play 11 in Chukchi shelf assessment province. Mapped prospects range from 588 to 135,278 acres in area, but the distribution
predicts larger prospects at very low probabilities. The linear arrangement of the plotted points is consistent with a log normal
probability distribution.



- DATA FORM
1998 National Resource Assessment
Assessment Province

Assessor Play:

Play Type: Oil Gas Oil and Gas
Number of Discoveries Number of Structures Tested Dry

Minimum Value) (Maximum Valuc)

Fw E» Es Fx Fn Fy Fu FEo FEu Ko

Prospect Area
Trap Flll ’ [ ]
Oll Fraction ’
Gas Fraction

=

100 E,, Fis

B

IR,

Net Pay
Porasity

Ol Saturation
Oil Fm. Volume Factor
Oll Rec. Efficlency

It

Gas Saturation
Reservolr Temp., *R
Reservolr Press., psi
Gas Z Factor

Gas Rz, Efficiency
Gas Shrinkage Factor®

SRR,

bl bt At el e - -t
P g g A — p— g —
et S bt bt bt St bt —
— e g g g _— e —
e bt bt A St el b -
g g g p— p— g ——
) el bt e S bt o o At

TR

Numbers of Closures (no entry)
Numbers of Untested

Prospects® {po eniry)

Lo T o ]
-

Play and Prospect Chance Factors*

Play Leve} Prospect Level
Explor. Success Ratio 2,20, Explor. Success Ratlo 2,20,

ll — l' JR— 2' -— ‘z' PR———
[ S lo__o__ 2)__'___ 2-___!_____
l' _' — 2' | —
Enter 1,19, 1.0 I Play Chance = 1.0
' (Entry Required) [ 1 (Entry Optional)

2] - Fraction of Noncombustible Gases (H,S, CO,, N, He, etc.)

30btained from "Numbers of Closures* distribution by subtracting number of
tested prospects (discoveries plus structures tested dry) at F s and Fo, to obtain
*transformed® values for "Numbers of Untested Prospects” disgribution.

“From Risk Analysis Form -

Figure 10.2: Play data sheet used for PRASS computer model by Alaska Region assessors. This
computer model was generally used to compute probability distributions fo_r pool area (prospect
area - trap fill), oil yield (porosity - oil saturation - oil recovery efficiency/oil formation .volume
factor), and gas yield (porosity - gas saturation - reservoir pressure - gas recovery eiﬁcwncy - gas
shrinkage factor/[reservoir temperature - gas Z factor]). The results of these calculations were
used as data entries to the GRASP computer model (fig. 10.3).
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GRASP PLAY DATA FORM

Assessment Province , Play Number and Name

Assessor(s), Date

PORE

F100 | FSO | Fo2 F0O0

{Poot Size (AC)

Net Pay (FT)

MPRO

F99 F95 | F715 F50 F25 FOS FO1 F00

Numbers of Prospects

Play Level Chance Prospect Level Chance Exploration Chance

MONTE

F100 | F99 F95 F75 F50 F25 F0S FOl1 FO0

Oil Recovery Factor
(B/AC-FT)

Gas Recovery Factor
(10°CFG/AC-FT)

Solution Ga/Oil Ratio
(CFG/B)

Condensate Yield
(BNOCFG)

Proportion of Pools All Oil Proportion of Pools All Gas

Proportion of Pool Volume Attributed to Oil in Mixed Case

Figure 10.3: Play data form used for GRASP computer model by assessors in Alaska OCS
Region office.
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RISK ANALYSIS FORM
1995 National Resource Assessment
Alaska OCS Region

Assessment Province Play:___
No. Name

Assesgor Play U.A.L No.

EXPLORATION SUCCESS RATIO = 2,20, __

(From sxploration success ets withia play, sxploration 1s in producti

or prospect grading) ’
PLAY CHANCE FACTORS CONDITIONAL PROSPECT CHANCE FACTORS
(Complcte and entsr 1o PRASS oaly if play la ot kaown to be (Comglets and enter 10 PRASS only if Explorstion St Ratio Not Available. Must
mccessful, or, if Ovenall Pay Lovel Chance la less than 1.0) samms success of mme factor at play level. No eatry needed if equal 10 1.0)

_ TRAP - SEAL - TIMING
1,01, CLOSURE PRESENCE (reliability of map size or definition)

20,
1,04, SEAL PRESENCE (top, lateral; role of faults; number of seals required) 204,
1,08, TIMING (relative to petroleum migration) 2,08,

RESERVOIR - POROSITY
1,02, RESERVOIR PRESENCE (areal distribution as limited by deposition, 2R,
facies changes, truncation at regional unconformities)
1,03, POROSITY (primary, secondary, fracture; not plugged or cemented) 20,
SOURCE - MATURATION - MIGRATION

1,06, SOURCulliicl;R‘ESsngglE é:gragna:gglrtlxg\'sty and quality, areal extent, 206,
1,07, MATURATION (sufficient time, temperature) 207,
1,11, MIGRATION (timing; primary (expulsion) and(?) secondary (source to 21,

trap); migration route vs. prospects; migration distance)
PRESERVATION/HC QUALITY - RECOVERY
PRESERVATION (risk of flushing, biodegradation, diffusion, thermal 208,

overmaturation of pooled oil and cracking to gas; processes
yielding viscous, high-sulfur, possibly unproducible oil)

1,08,

LA L DL L AL L Pl L L Ll L Ll L} L2 (2L L L LT} - e

Calculate the Following as a Check on Results-Do Not Enter into PRASS

A. OVERALL PLAY LEVEL CHANCE (Product of all play chance factors)

B. OVERALL PROSPECT LEVEL CHANCE (Exploration Success Ratio, of product of all Conditional
~ Prospect Chance Factors. Must be < Overall Play Level Chance.) _

A-B= = EXPLORATION CHANCE

Figure 10.4: Risk analysis form used by assessors in Alaska OCS Region, adapted largely from
White (1993, p. 2051, fig. 1).
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11. ECONOMIC MODELING

The economic phase of the 1995 National
Resource Assessment was conducted using the
Probabilistic Resource Estimates Offshore model,
referred to by the acronym PRESTO. This
computer model was developed by MMS, and in
its current form (version 5) represents the
evolution from a relatively simple geologic
assessment tool to a complex discounted cash
flow model based on simulated development of
hundreds of oil and gas pools. The modeling
input for PRESTO is tied directly to the output of
- another new MMS assessment model (GRASP),
which estimates the pool characteristics and
calculates the volumes of conventionally
recoverable resources. PRESTO determines the
economic viability of individual pools within the
geologic plays of a province. When aggregated,
the economically recoverable resource potential
of each province represents the undiscovered
volumes of oil and gas that could be recovered
profitably under realistic economic conditions and
engineering assumptions.

PRESTO-5 MODEL

The methodology used in the economic
assessment is based on a typical sequence of
events progressing from the discovery of a
hydrocarbon-bearing pool to the delivery of the
commodity to a market destination. Generally,
this sequence would be as follows:

1. A group of prospects are tested by

exploration drilling, leading to a discovery.

2. Delineation wells are drilled to define the

pool size and appraise its reservoir.

3. If commercial volumes are present,

engineering and project development plans

begin. :

4. Production facilities are installed, and
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development wells are drilled.

S. Transportation infrastructure is designed
and constructed.

6. Oil and/or gas is produced and
transported to market destinations.

The parameters and assumptions used in the
PRESTO model to simulate these events are
contained in four main computer input files, listed
as follows:

® Geologic-engineering input

® Costfile

® Engineering-schedule file

® Economic file

The following description of modeling
methodology is organized according to these files.
The discussion will cover the general parameters
incorporated in the assessment, with more specific
comments regarding engineering scenarios for
individual provinces given in Chapter 26.

Numerous geologic and engineering variables
are combined to simulate developments in each
assessment province. The geologic input
variables to the PRESTO model were largely
obtained from the GRASP model. The two MMS
assessment models (GRASP and PRESTO) were
linked together in san Interface program for data
transfer and data input functions. Engineering
variables were formulated according to the
geologic variables to achieve realistic simulation
models. For discussion purposes, the geologic
and engineering variables are segregated into
categories, although all of these parameters are
entered in the PRESTO program in one large data
file. :

It is important to recognize that the geologic
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characteristics of reservoirs were defined by the
modeling concepts adopted by the geologic

assessment teams. The economic assessment was
built on the preceding geologic assessment. The

reason that some provinces are economically
viable and others are not was basically
predetermined by pool size, reservoir attributes,
and hydrocarbon type (oil/gas). Small pool
volumes or low grade reservoirs usually can not
overcome the high development costs in harsh
environmental settings in offshore Alaska.

The number of undiscovered pools, their areal
size, and the volumetric mixture of associated and

non-associated oil and gas in each assessment

play were transferred directly into PRESTO from

GRASP.
® Productive pool area was used by
PRESTO to determine the number of wells
required to develop the pool. The pool area
divided by the well drainage area (or well
spacing) defines the number of production
wells. Allowance was made for additional
service wells for total production well costs.
Typically a factor of 1.3 was used, or 30
percent of the total wells are used for
injection and disposal.
® Net pay thickness and recovery factor
(bbl/ac-ft) were not entered directly into
PRESTO. However, they were used in
external spreadsheet programs to model

reservoir performance variables (for example,

flow rates), which were important input
variables to the economic model.

® Gas/oil ratio and condensate yield were
not entered directly into PRESTO. The oil
and gas content of pools was previously
determined by GRASP, and pool volumes

were directly input from GRASP to PRESTO.
However, these variables were considered in

the engineering infrastructure.

® Geologic risk controls the sampling
frequency for pools within each play, where
pools with lower risks (higher chance of
success) are sampled more often than high

11-Economic modeling
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risk pools. Whereas all pools in a province
are eventually simulated for development,
they are not necessarily evaluated in a single
PRESTO trial. Geologic risk was entered
directly into the PRESTO model from
GRASP.

xploration iabl

Exploration variables were used to define the

cost for discovery for each pool.

® Average number of wells to justify a
production platform, includes the discovery
wells for each pool. Only the cost of
successful exploration (wells and seismic) is
included in the PRESTO model. Individual
pools are not burdened by regional
exploration costs leading to the discovery.

® Average number of delineation wells for
each production platform includes the wells
required to appraise the size and reservoir
characteristics of a pool. The number of
exploration and delineation wells was
assigned according to pool characteristics
(area, reservoir depth). Typically, an accurate
appraisal of a platform drainage area would
require 2-4 wells.

® Number of wells to condemn a province is
used in estimating the costs to unsuccessfully
test a province. This condemnation cost is
used in calculating the net economic value of
the province. Typically, we assumed that
each play would contain 2 dry wells before
abandonment, including all previously drilled-
and-dry exploration wells in the province.

® Average exploration and delineation well
depth is used to determine exploration well
costs. Although pools in a play typically range
broadly in depth, a representative well depth
was chosen because this parameter was
entered as a constant.

® Delay to exploration is defined on a play-
basis and entered as a range (in years). This
variable is used to control the discovery
sequence for all plays in a province.

Typically, resource-poor plays containing high
risk pools are delayed in the discovery



sequence relative to resource-rich plays and
containing lower risk pools. Although all
pools in a play are eventually tested by the
PRESTO model, sampling rates are tied to
conditional probability sampling. The delay to
exploration variable promotes a more realistic
sequence of drilling in a province.

® Time to drill exploration well is defined
by constants (months). This variable is
controlled largely by reservoir depth, but also
considers drilling location and logistics. For
example, if exploration wells were drilled to
test prospects at 10,000 feet subsurface
depths in the Beaufort and Cook Inlet
provinces, the Beaufort well might require 2-3
months to drill and test, whereas the Cook
Inlet well might require 1-2 months. A
remote setting and more difficult operating
conditions combine to add time to
mobilization, rig installation on-site,
drilling/testing operations, and weather
downtime.

lopmen riabl
These variables are used in conjunction with
infrastructure data to define overall development
costs for pools within each play.
® Minimum and maximum number of
platforms for each pool is defined as 1 and
99, respectively, for all plays in the Alaska
assessment. These are merely limits to the
development simulation. The actual number
of platforms installed depends on the number
of wells required to fully develop the pool.
® The maximum number of wells per
‘platform is a key variable that controls the
number of production platforms required for
pool development. In determining this
variable, we considered the platform type
likely to be used. Platform type is constrained
by both water depth and environmental
conditions. Generally, bottom-founded
platforms are used in relatively shallow water
(< 150 feet) and can be designed to hold 48-
60 well slots. Floating production systems are
used in deep water (> 150 feet) and can hold
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fewer well slots (48 or less) because of
buoyancy restrictions. Gravel islands in very
shallow water (< 50 feet) can be constructed
to hold 60-90 wells. _

® Production well depth is entered as a
range in measured depth. To accommodate
deviated wellbores, a series of scaling factors
was used to convert the average true vertical
depth (TVD) to a range of measured depths
(MD) for development wells. Shallow
reservoirs generally assumed higher
measured/true vertical depth factors to
minimize the requirements for extra platforms.
For example, a pool at 6,000 ft TVD would
have a triangular distribution of 6,000; 9,000,
12,000 ft MD. A pool at 15,000 ft TVD
would have a triangular distribution of
15,000; 19,500, 24,000 t MD.

® Water depth is entered as a triangular
distribution for each play. Water depth is
used as a cost scaling factor to adjust platform
and pipeline costs. Exploration/delineation
well costs were based on drilling depth, not
water depth.

Production Variables
Reservoir performance was modeled using
production variables for oil and gas recovery. A
spreadsheet program was used to balance
reservoir characteristics (net pay thickness, oil
and gas recovery factors) with production
variables (well spacing, flow rates) to ensure that
realistic values were input into the PRESTO
model. Three of the four variable sets discussed
below were used in combination by PRESTO to
calculate the production profile of each well in a
simulated pool development. Different
combinations of variable sets were used for
individual plays according to data for pool
characteristics.
® il and gas well spacing defines the
drainage for each production well in a trial
simulation. These variables determine the
number of wells required to fully develop a
pool, and they influence the flow rates from
individual wells. Increasing the well spacing
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(or drainage area) will increase the flow rate
when all other reservoir characteristics are
unchanged. Typically, oil well spacing was
entered as a triangular distribution of 80; 160;
240 acres, where the high end includes the
possibility of horizontal completions. Typical
gas well spacing distribution was 240; 320,
640 acres. Considerations were given to the
thickness, permeability, and lateral continuity
of reservoirs in each play. Oil and gas well
spacing variables were adjusted accordingly.
For example, a thin, laterally discontinuous oil
play might have its well spacing distribution
lowered to 40; 80; 160 acres.

® |nitial oil and gas well production rates
are important variables in defining the
production profile of each well. These input
variables were tuned in relation to the other
production variables using an external
spreadsheet program. Initial flow rates are

most closely correlated to reservoir thickness.

For typical oil reservoirs, initial well flow
rates (bbl oil per day, BOPD) are
approximately 10 times the reservoir
thickness, where a 150- foot thick sand would
have initial flow rates of 1500 BOPD. For
typical gas reservoirs, initial well flow rates
are approximately 100 times the reservoir
thickness, where a 100 ft gas sand would have
initial production rates of 10 million cubic feet
per day (MMCFD).

® Fraction of total oil or gas produced
before flow rates start to decline is different
for oil and gas reservoirs. Typically, oil pools
have smaller fractions produced before decline
(0.9; 0.12; 0.15), and gas pools have a larger
fractions (0.60; 0.80; 1.0). These
characteristics are related to reservoir
properties and drive mechanisms. These
variables were entered as triangular
distributions (minimum, most likely,
maximum).

® [Exponential declines for oil and gas
streams were used in the 1995 assessment.
Typically, oil stream decline coefficients are
low (0.10; 0.15; 0.20) compared to gas
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stream decline coefficients (0.40; 0.50; 0.60).
These variables were entered as triangular
distributions.

n ion Variabl :
Transportation costs are generally divided
into two categories: capital costs and tariffs.
New pipelines are treated as capital costs scaled
on a per-mile basis. Pipeline sizing is calculated
within the PRESTO program based on sampled
production rates for each trial. Transportation
costs to utilize existing pipeline systems are
entered as tariffs. The pipeline models for each
province represent a typical development case,
and specific infrastructure systems are discussed
in Chapter 26 (Infrastructure Scenarios).
® Flowlines are small diameter pipelines
connecting platforms within a field or between
individual fields and a central gathering point
for the play. Generally, these distances are
relatively short (few tens of miles). These
pipeline costs are supported by individual
fields.
® Play pipelines are larger diameter lines
that gather oil or gas from the play area to the
main trunk pipelines in the province. Because
of the size of many Alaska provinces, these
pipeline distances are considerably longer than
flowlines (perhaps tens to hundreds of miles).
The costs of play pipelines are shared by all of
the productive fields in the play.
® Basin pipelines are the main trunk
pipelines carrying oil/gas resources to regional
export centers. Often, the export terminals
are in southern Alaska, resulting in new
trunklines hundreds of miles in length. The
cost of basin pipelines is supported by all
production occurring in the province (all
commercial pools and plays).

Cost file

The estimated capital and operating costs for
exploration, development, and production
activities are included in a series of tables
specifically formulated for each assessment
province. The tables include costs scaled by key



factors (for example, slot count and water depth
for production platforms). These tables typically
employ ranges of 50 percent surrounding most-
likely costs from the MMS-Alaska database. This
cost database was gathered from both public and
proprietary sources, and it is periodically updated
to reflect changing technology. Publically
available references are provided at the end of
Chapter 26.

For each modeling simulation, various
combinations of costs for different components of
the project are randomly selected from these
costfile tables by monte carlo sampling.
Distributions for cost and engineering variables
are employed because of the inherent
uncertainties of the modeling. Several factors are
listed below:

1. Data are limited for actual offshore

operations in Alaska.

2. Considerable differences are likely

between companies with respect to strategies

and costs to develop new fields in frontier
areas.

3. Each activity will have a “learning curve”

for each activity, where initial operations will

be improved with experience and later
projects may be more cost efficient.

4. New technology is expected to be

developed to lower production costs. The

cost benefits realized by new technology
could occur over decades in the life of a field.

Capital Costs
Cost matrix tables are included for the
following project components:
e Exploration and delineation well costs
® Platform costs (includes support structure
or “jacket” and topside production
equipment)
® Production well drilling and completion
costs
® Shorebase facility costs (Oil and gas
facilities are in separate tables.)
® Pipeline costs (Oil and gas pipeline costs
are separate tables.)
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Operating Costs

Platform operating costs are scaled according
to the number of production wells, reflecting the
overall size and complexity of the platform. Field
operating costs vary for each province, from high
operating costs in the remote Arctic offshore to
relatively low operating costs in offshore southern
Alaska. In comparison to operations in the Gulf
of Mexico, operating costs in offshore southern
Alaska were higher by factors of 4 to 5, provinces
in the Bering Sea were higher by factors of 6 to 8,
and the offshore Arctic was higher by factors of 8
to 10. The operating cost differentials are caused
by severe environmental conditions and difficult
logistics for grassroots projects in these remote
provinces.

Operating costs are included for province
infrastructure, such as trunk pipeline systems,
shorebase facilities, liquefied natural gas (LNG)
processing plants, and offshore loading terminals.
These operating costs vary according to the size
and throughput of the facility. Because both
capital and operating costs incorporate the
economy of scale, and each PRESTO run could
result in different resources and production rates,
we used assumed production rates for play- and
province-level development based on the mean
conventionally recoverable resource volumes.

® Peak annual oil production is 10 percent

of mean recoverable resource volume.

® Peak annual gas production is 5 percent

of mean recoverable resource volume.

® Annual operating costs for infrastructure

are 3.5 percent of original capital cost,

where capital cost is scaled by throughput
using the above annual productlon rate
assumptions.

Transportation Costs

Transportation scenarios to move oil and gas
from production platforms to market destinations
are separated into two categories: capital costs
and tariffs. Generally, new transportation
infrastructure compone