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EXECUTIVE SUMMARY

The basic aim of this research was to examine the effects of alternative
leasing systems and schedules on United States Outer Continental Shelf  OCS!
energy development. This summary provides a brief review of both the steps
taken in the analysis and the results derived.

1. The study began with development of estimates concerning the number
and sizes of petroleum and natural gas fields which might be discovered on the
OCS  to water depths of 200 meters!. Using the latest U. S. Geological Survey
estimates of undiscovered recoverable OCS hydrocarbon resources in conjunction
with historical data on field size distributions, a procedure was developed for
estimating the total number of undiscovered fields  petroleum and non-associa-
ted natural gas! in each of three size categories and thirteen geological sub-
regions. Using probability techniques, the expected number of fields pro-
jected was 646 for petroleum and 443 for natural gas. For oil, these totals
were composed of 458, 104, and 84 small �-50 million barrels!, medium �0-100
million barrels! and large  greater than 100 mil]ion barrels! fields, respect-
ively. Comparable numbers for non-associated natural gas were 345 small �-
300 million Mcf!, 56 medium �00-600 million Mcf!, and 42 large  greater than
600 million Mcf! fields.

Using a process of sampling without replacement with probability of selec-
tion proportional to size, a hypothetical order of field discovery in each OCS
subregion was then determined. This data provided one portion of the informa-
tion required for the subsequent analysis of leasing schedules.

2. Next, a theoretical structure for understanding and analyzing alterna-
tive OCS leasing systems was developed. The structure highlighted major
national leasing objectives, with emphasis on risk behavior and risk sharing
aspects of alternative systems.

3. The comparison of alternative OCS leasing systems considered the fol-
lowing options:

'Current cash bonus

~ Higher fixed royalty

~ Var iab le r oy alty r ate

~ Profit share with IRS income base

~ Annui.ty capital recovery profit share

~ British type profit share

~ Indonesian type production sharing

~ Variable rate profit share

Working interest



'Work program

Royalty bidding

'Profit shax'e bidding.

4. A generalized resource leasing policy evaluation model was developed
for use in analyzing the various leasing alternatives and leasing schedules.
The model uses basic economic concepts, such as discounted cash flow techniques,
and incorporates geologic, engineering, and economic relationships relevant
to the petroleum industry in order to stimulate the offshore oil and natural
gas development process. Monte Carlo simulation techniques are utilized to
handle uncertainty in future resource prices, investment and operating costs,
the presence or absence of resources, and the amount of reserves discovered.
The exploration and development phases of the lease development process are
separated in order to better simulate private sector decisions on lease develop-
ment.

5. Outputs of the leasing model include statistics on the following
vari ab les:

~ Production time horizon

~ Installed production capacity

~ Present value of royalty payments

Present value of profit share payments

'Present vatue of depletion

'Present value of taxes

~ Production  total and time profiles!

~ Reserve discovery size

'Total production cost

~ After tax net present value

'Percentage dry tracts.

Additional outputs can be obtained for tests of specific lease systems or policy
options.

6. Production cost functions relating production cost per unit of annual
installed capacity to reserve discovery size were estimated for each OCS sub-
region using data published by the National Petroleum Council and earlier work
by the authors. Production cost functions for each of five climatic regions
for both oil and non-associated natural gas were incorporated into the genera-
lized leasing model.

iv



7. The analysis of alternative leasing systems first examines the viabili-
ty of alternative systems in marginal production areas; that is, production
areas where costs were high in relation to assumed prices. Then the alternative
systems were compared on more profitable production areas. Three sets of alter-
native price expectations were used for the comparisons. In general, it was
found that any of the systems would be viable  permit development! if the con-
tingency rates were properly set by the government, ex ante. However, regard-
less of the system used, the analysis showed that certain reservoir discovery
sizes in some of the QCS subregions will not be developed because of unfavor-
able economic conditions.

8. Risk averse behavior was assumed on the part of private sector bidders.
Given this assumption, five criteria were selected for a more rigorous compari-
son of the alternative systems. These included system impacts on'.

~ Government revenue

~ Total expected production

'Chance of a less than normal profit

'Bonus ratio -- ratio of the after tax net present value of each
system to that of the current cash bonus system

~ Ratio of the mean after tax net present value to its standard
deviation.

The last three criteria provide measures of system effectiveness with respect
to transferring risk from the private to the public sector.

9. Using these criteria in evaluating both marginal and more profitable
production conditions, five of the alternative lease s s tems a eared to be as

ood as or better than the current cash bonus s stem. Each of these systems
uses the cash bonus as the bid variable. The five systems are:

'Royalty system with the royalty rate variable with the value of
production in each year

Fixed rate annuity capital recovery profit share system

~ Variable rate annuity capital recovery profit share system

Fixed rate British type capital recovery profit share system

Variable rate British type capital recovery profit share system.

Although use of the variable rate systems had a tendency to lengthen production
time horizons in certain situations, the impact on present values was unimpor-
tant and did not affect the conclusions derived. Analytical results were also
consistent over a range of price and reserve expectations. In all tests, the
contingency rates used for revenue generation during production were set so as
to permit, if possible, economi,c development in marginal production areas
 using an $ll.00 per barrel and $.60 per Ncf price assumption!.



10. Other systems evaluated were either inferior to or no better than the
current cash bonus system. These systems include the higher fixed rate royalty
system, the royalty system wi.th the rate variable with the level of production,
and the fixed and variable rate IRS based profit share systems.

11. Next, four alternative leasing schedules were developed for analysis
of schedule impacts using the current leasing system and one of the five
superior systems  the fixed rate annuity capital recovery profit share system!.
These schedules included one which would provi de for uniform leasing across
OCS subregians and through time, one designed ta maximize economic rent, ane
designed to maximize roduction, and one designed to maximize environmental

of the total undiscovered recoverable resource in any OCS subregion would be
discovered using the schedules. Both ten and twenty year leasing time horizons
were tested under this assumption using three alternative price expectation
assumptions. The resulting forty-eight combinations � leasing schedules X 2
leasing time horizons X 3 pri,ce expectations X 2 leasi.ng systems! were compared
on the basis of economic rent generated and present barrel equivalents of oil
production.

12. In terms of the present value of economic rent, the following results
were derived:

eEconamic rent varies significantly with price

~ The present value of economic rent is approximately twenty-
five percent lower for the twenty vear schedule than
for the ten year leasing schedule

There is na significant difference in expected economic rent
between the twa leasing systems tes ted

Differences in present value of economic rent among the four
schedules were minor  less than four percent!, but statis-
tically significant

~ Environmental preservation  as defined for scheduling! can be
accomplished with little lass in present valise economic
rent.

13. Using tbe accelerated leasing schedule, peak OCS liquids  oil plus
NGL! production occurs about 19R9 at a level af ane billion barrels per year
�,9 million barrels per day! assuming a 1976 date for schedule commencement,
and ex..luding production from existing OCS leases. Therefore, even with sn
accelerated leasing schedule, new OCS ~roduction could never be ~ex ected to
co~mletel~~re lace the current level ot~etroleum imports.

14. Total expected liquids production from the OCS is 11-13 billi.on
barrels; total expected gas production is 39-64 billion Mcf. These production



estimates are dependent upon a number of factors such as assumed resource
prices, cost estimates, and economic and geologic assumptions utilized in this
analysis. The estimates are critically dependent upon the basic input oil and
gas reserve data from the U. S. Geological Survey. This data is in the form of
probabilistic expectations of oil and gas reserves to a ~ster depth of 200
meters. Major changes in any of the basic input data could produce significant
changes in the production estimates which resulted from this study.

15. Primary OCS hydrocarbon reserves  to 200 meters! would be exhausted
by 2015  assuming a twenty year leasing schedule! and by 2005  assuming a ten
year leasing schedule!.

16. Natural gas producti.on is more responsive to changes in expected price
than oil production. A change in the expected natural gas price from $.60 to
$2.00 increased the total expected natural gas production from 38 to 64 billion
Mcf. This result implies that deregulating natural gas prices  or substantially
raising the price! could stimulate production.

17. In general, the comparison of alternative leasing schedules revealed
that the differences among the selected schedules were relatively minor. This
result again implies that the type of environmental preservation considered in
this study could be accomplished at low cost to society.



TABLE OF CONTENTS

Page

EXFCUTIVE SUMMARY

LIST OF TABLES

LIST OF FIGURES, . ~

Chapters

NTIAL

viii

ACKNOWLEDGEMENTS ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r

I NTRODUCTI ON r ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

UNITFD STATES OUTER CONTINENTAL SHELF ENERGY POTE
Estimates of Geologic Potential

A Review of Estimation Procedures

Probability Estimates of Energy Resources for
OCS Provinces

Modification of Resource Fstimates

Conditional Distributions

Partitioning of Resource Estimates
Regional Aggregation

Field Size Distributions

Estimation Procedures

Mean Field Sizes by Field Size Group
Standard Deviation by Field Sizes
Numbers of Fields by Size Category

Order of Field Discovery
Resource Discovery and Leasing Schedules

Summary 92 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ r ~ ~ ~ ~ ~

ALTERNATIVE OCS LEASING SYSTEMS

Leasing Objectives
Risk Behavior and Risk Sharing .
Bonus Bid Systems

The Current Cash Bonus System
Higher Fixed Royalty
Variable Royalty Rate System
Profit Share System with an IRS Income Base
Annuity Capital Recovery Profit Share Syste~
British Type Profit Share System .
Indonesian Production Sharing System
Variable Profit Share

Working Interest Systems
t<ork Program r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~

Royalty and Profit Share Bidding Systems
Royalty Bidding System
Profit Share Bidding

J
Combinatz.ons

S ummary ~ r ~ ~ ~ ~ ~ ~ ~ r ~ r ~ ~ ~ ~ ~ ~ ~ ~

8

16

16

17

18

18
28

33

33

36

36

38

39

41

41

43

44

47

46

49

49
50

50

50

51

51

52

52

53

53
53

53



S CHEDULES

139

152

REFERENCES 176

ix

IV. A GENERALIZED RESOURCE LEASING POLICY EVALUAT10N MODEL
Basic Concepts
The Exploration Phase of Resource Development
Uncertainty and the Monte Carlo Analysis

Future Resource Prices
Investment Cost Contingency 'Factor
Operating Cost Contingency Factor
Presence or Absence of Resources
Amount of Reserves

The Model Description with Monte Carlo Simulation
Economic, Engineering and Geologic Relationships
Monte Carlo Results and Model Output

Summ rya ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

V. COSTS OF OCS PRODUCTION
Production Cost Concepts

Assumptions
Investment Costs � Oil and Associated Natural Gas

Exploration Costs
Development Costs

Operating Costs � Oil and Associated Natural Gas
Investment Costs � Non-associated Natural Gas
Operating Costs for Non-associated Natural Gas
Summary ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ + ~ ~ ~

VI. COMPARISON OF ALTERNATIVE OCS LEASING SYSTEMS AND
PART I. - Alternative Leasing Systems

Systems Evaluated
Assumptions and Data
Analytical Results

Viability af Alternative Leasing Systems
Test Results on Non-marginal Areas
Statistical Decision Criteria

Conclusion

PART II ' - Alternative Leasing Schedules
Background Data and Analysis
Methodology For Developing Leasing Schedules

Schedule Length
Acreage Limitations on Leasing Schedules
Uniform Leasing Schedule
Maximum Economic Rent Schedule

Maximum Environmental Protection Schedule
Schedule Compari.son � Economic Rent
Schedule Comparison � Production Streams

APPENDIX A � UNIT EFFORT TABULATION BY SUBRFXION AND FIELD SIZE

APPENDIX B � LEASING SYSTP4 SIMULATION RESULTS

55

55

56

60

61

64

64

65

65

65

66
77

78

80

80

81

82

82

85

88

89

90

91

93
93

93

95

95

98
103
105

Ill

112

112

112

113

113

113

115

122

123
125



LIST OF TABLES

PageTable

USGS Resource Appraisal Group Estimates of Undiscovered
Recoverable Oil and Natural Gas Resources for the OCS

Areas of the United States 14-15

Revised Groupings of Geologic Provinces, Associated Resource
Es timates, and Marginal Prob abili ties. 21-22

Oil Field Size: Lognormal Distribution for Various
Percentiles 26-27

29-30Subregions, Geologic Provinces, and Basin Analogs

Estimates of Pre-1974 Minimum Developable Hydrocarbon Field
Sizes for Each of the Offshore Geologic Provinces 32

Oil Field Sizes, Standard Deviations and Percent of Total
Resource by Field Category and Subregion 34

Non-associated Natural Gas Field Sizes, Standard Deviations
and Percent of Total Resource by Field Category and
Subregion ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~

Estimated Number of United. States OCS Hydrocarbon Fields by
Size Category e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 37

40

59Some Input Variables for the Generalized Leasing Model

Base Case Exploratory Dri.lling Expenditures Per Well

Cost Regions Used in the OCS Analysis

Exploration Costs Per Well by Cost Region .

Gulf of Mexico Development Costs �00 meters water depth!

Development Costs for Four Producing Systems

10

83

13

14 85

86

86Producing Characteristics of Petroleum Reservoirs

Calculated Development Costs by Reservoir Size

Cost Po~er Curve Results by Cost Region

16

8717

8718

Total Hydrocarbon Fields Discovered in Ten Exploration Effort
Units  Assuming Discovery of 75 Percent of Total Reserves!



19 Cost by Reservoir Size Generated by the Power Curve
�975 Dollars! 88

20 Operating Costs by Subregion 89

Base Cas e Gas Inves tment Cos ts 90

22 Gas Investment Costs Using the Power Function

Operating Costs for Non-associated Natural Gas

90

23 91

Oil Cos ts: Summary

Non-associated Natural Gas Costs: Summary

Common Input Values for Leasing Policy Analysis

92

26 96-97

Oil Field Development Pattern by Field Size and Cost Region 98

28 Results of Leasing Model Simulations Using Economically
Marginal Petroleum Fields in Representative
Production Cost Areas . . . . . . ~ . . . ~ . . . ~ ~ ~ 100-101

Results of Leasins Model simulations Using >conomically
Non-marginal Petroleum Fields in a Representative
Production Cost Area 104

30 Percentage Change in Leasing System Fvaluation Criteria
 Compared to the Current Cash Bonus System! for
Representative Reservoir Sizes and Cost Regions 106-107

31 Statistically Significant Changes in Leasing Systems
 Compared to the Current Cash Bonus System! as Indica
by Fvaluation Criteria for Representative Reservoir
Sizes and Cost Regions

ted

109-110

32 Leasing System Evaluation Summary

33 OCS Acreage Considerations for Each of the Thirteen
Sub r eg i ons ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r t ~ ~ ~ ~ ~ ~ 114

Economic Rent for the $13.00 Per Barrel of Oil and $1.50
per Mcf of Natural Gas � Cash Bonus System 116-117

35 Schedule to Xaximize Economic Rent � Ten Years 118

36 Oil Production by Field Size and Subregion

Schedule to Maximize Production � Ten Years

119-120

37 121

39

Region Leasing Sequence for Environmental Preservation. . . 122

"Save the Worst for Last" Environmental Schedule � Ten Years 123



124Leasing Schedule Comparisons Based Upon Economic Rent40

Comparison of Production Profiles from Alternative Leasing
Schedules Using the Cash Bonus System and Assuming an
$11.00 Price for Oil and a $.60 Price for Natural Gas

41

126-127

Comparison of Production Profiles from Alternative Leasing
Schedules Using the Cash Bonus System and Assuming a
$13.00 Price for Oil and a $1.50 Price for Natural Gas

42

128-129

Comparison of Production Profiles from Alternative Leasing
Schedules Using the Cash Bonus System and Assuming a
$16.00 Price for Oil and a $2.00 Price for Natural Gas

43

130-131

Comparison of Production Profiles from Alternative Leasing
Schedules Using the Annuity Capital Recovery Profit
Share System and Assuming an $11.00 Price for Oil and a
$.60 Price for Natural Gas 132-133

Comparison of Production. Profiles from Alternative Leasing
Schedules Using the Annuity Capital Recovery Profit
Share System and Assuming a $13.00 Price for Oil and a
$1.50 Price for Natural Gas

45

134-135

136-137

Category, EvenlyFxpected OCS Region 1 Fields, by Size
Divided Into Ten Exploration Units

A-1
139

Category, EvenlyExpected OCS Region 2 Fields, by Size
Divided Into Ten Exploration Units 140

Category, EvenlyExpected OCS Region 3 Fields, by Size
Divided Int'o Ten Exploration Units

A-3
141

Fxpected OCS Region 4 Fields, by Size
Divided Into Ten Exploration Units

Category, EvenlyA-4
142

Category, EvenlyExpected OCS Region 5 Fields, by Size
Divided Into Ten Exploration Units

A-5
143

Category, EvenlyFxpected OCS Region 6 Fields, by Size
Divided Into Ten Exploration Units

A-6
144

Category, EvenlyExpected OCS Region 7 Fields, by Size
Divided Into Ten Exploration Units 145

Category, EvenlyExpected OCS Region 8 Fields, by Size
Divided Into Ten Fxploration Units

A-8
146

Expected OCS Region 9 Fields, by Size
Divided Into Ten Exploration Units

Category, EvenlyA-9
147

xii

Comparison of Production Profiles from Alternative Leasing
Schedules Using the Annuity Capital Recovery Profit
Share System and Assuming a $16.00 Price for Oil and a
$2.00 Price for Natural Gas



A-10 Expected OCS Region 10 Fields, by Size Category, Evenly
Divided Into Ten Exploration Units 148

Expected OCS Region 11 Fields, by Size Category, Evenly
Divided Into Ten Exploration Units 149

Expected OCS Region 12 Fields, by Size Category, Evenly
Divided Into Ten Exploration Units

A-12

150

Expected OCS Region 13 Fields, by Size Category, Evenly
Divided Into Ten Exploration Units

A-13

151

Results of Leasing System Simulation for Petroleum Using
a Cash Bonus Bid Variable w'ith a 16.67 Percent Royalty
by Province and Reservoir Size

B-I

152-153

Results of Leasing System Simulation for Non-associated
Natural Gas Using a Cash Bonus Bid Variable with a
16.67 Percent Royalty by Province and Field Size 154-155

B-3 Results of Leasing System Simulation for Petroleum Using
a Cash Bonus Hid Variable with a 16.67 Percent Royalty
by Province and Reservoir Size 156-157

B-4 Results of Leasing System Simulation for Non-associated
Natural Gas Using a Cash Bonus Bid Variable with a
16.67 Percent Royalty by Province and Field Size 158-159

160-161

Results of Leasing System Simulation for Non-associated
Natural Gas Using a Gash Bonus Bid Variable with a
16.67 Percent Royalty by Province and Field Size

B-6

162-163

B-7 Results of Leasing System Simulation for Petroleum Using
a Gash Bonus Bid Variable with a 50 Percent Capital
Recovery Profit Share Plan 164-165

Results of Leasing System Simulation for Non-associated
Natural Gas Using a Cash Bonus Bid Variable with a 50
Percent Capital Recovery Profit Share Plan 166-167

Results of Leasing System Simu1ation for Petroleum Using
a Cash Bonus Bid Variable with a 50 Percent Capital
Recovery Profit Share Plan 168-169

Results of Leasing System Simulation for Non-associated
Natural Gas Using a Cash Bonus Bid Variable with a 50
Percent Capital Recovery Profit Share Plan

B-10

170-171

xiii

Results of Leasing System Simulation for Petroleum Using
a Cash Bonus Bid Variable with a 16.67 Percent Royalty
by Province and Reservoir Size



Results of Leasing System Simulation for Petroleum Using
a Cash Bonus Bid Variable with a 50 Percent Capital
Recovery Profit Share Plan

Results of Leasing System Simulation for Non-associated
Natural Gas Using a Cash Bonus Bid Variable with a 50
Percent Capital Recovery Profit Share Plan

xiv



LIST OF FIGURES

Figures Page

Comparative Estimates of Undiscovered Recoverable Oil
Resources in the United States

10

Map of the Conterminous Lower 48 United States Showing
USGS Resource Appraisal Group Regional OCS Boundaries

Map of Alaska Showing USGS Resource Appraisal Group
Regional OCS Boundaries

Aggregated OCS Provinces Surrounding the Conterminous
Lower 48 United States 19

Aggregated OCS Provinces Surrounding Alaska 20

Numbers of New Oil Field Discoveries of Various Sizes
�946-1968! 24

Numbers of New Natural Gas Field Discoveries of Various
S izes �946-1968! 25

Flow Diagram for Simulation Model with Continuous go

10 Flow Diagram for Simulation lodel with Input q
0 58

Normal Distribution Used for Annual Price Change and
Reserves 62

12 Tr iangular Dis tr ibuti on 62

13 Unif orm Dis tribution

14 Lognormal Distribution 63

1.5 Production Profile Through Time

16 Solution to the Economic Time Horizon 72

Comparative Estimates of Undiscovered Recoverable Natural
Gas Resources in the United States



Chapter I

Introduction

The United States Outer Continental Shelf  OCS! and slope constitute
the last major frontier for domestic petroleum and natural gas exploration.
Current U. S. Geological Survey estimates suggest that almost one-half of
all undiscovered oil resources and one-quarter of similarly defined natural
gas resources may be located in the OCS and in the frontier provinces of
Alaska  Miller, et al., 1975!. Others have estimated that over sixty per-
cent of both resources yet to be discovered are contained within OCS areas
 Mobil Oil Corp'� , 1974!.

The unique character of the OCS with regard to potential energy supply,
however, does not stem solely from the magnitude of the resources which may
be located there. The OCS is unusual in an institutional, as well as geo-
logical, sense. That is, it is owned and controlled by one entity � the
public through its elected and appointed representatives at the federal
level  for areas beyond the three mile limit except for the Gulf of Mexico
where the federal government controls beyond nine mi,les!. The combined
factors of public ownership and potential resource availability have focused
attention on both the methods used by the government to manage these areas
and the proper course of future OCS activities  House Select Ad Hoc Committee
on the OCS!.

Some of the management concerns involve potential offshore environmental
problems and secondary impacts to onshore areas that might result from
development of any energy resources that are present. Although these issues
are important, they are not a major thrust of this study. Potential environ-
mental problems stemming from OCS development may be minor relative to alter-
native energy sources  U. S. Department of the Interior, Final Environmental
Statement, Vol. 2!. In any case, to the extent that environmental factors
can be internalized to the development process, only the cost relationships
of the primary activity are affected. Evaluations of other OCS issues can,
thereby, accomodate some of these externalities by modifying technical and
cost relationships. Onshore impacts are, on the other hand, less likely to
be internalized to a developer. Yet little can be said about the potential
for such impacts until the scope, schedule and probable result of primary
exploration and development activity is better understood.

In general, it is the Latter which requires study and evaluati.on if
informed public decisions, at all levels, are to be made relative to the
management of this vast area of public domain. Energy resource exploration,
development and production from the OCS is, therefore, the central focus of
this research. However, a study of this area cannot be Limited to the
geological or purely physical aspects of the potential energy resources it
contains, nor to technological issues related to resource exploitation.
Rather, all of these aspects must be coupled with institutional and economic



considerations before balanced alternatives for future management decisions
can be properly evaluated.

In this research, we consider the interrelationship of these various
elements in a systematic and replicable manner. The objective is to develop
techniques for simulating the social and private implications of various
considerations ranging from alternative management policies to changes in
the data used as a basis for decision making. Changing circumstances with
respect to such considerations may have a critical bearing on the attain-
ment of objectives being fostered for the use of public domain lands. For
example, what are the physical, environmental and economic implications
of the following:

l. Alternative systems designed to lease public domain lands to the
private sector for exploration and/or development of potential energy
resources;

2. Alternative tax regulations related to energy resource exploitation;

3. Modified information concerning the potential for resource recovery;

Equipment or manpower constraints affecting a development schedule;

5. Alternative levels of domestic petroleum and natural gas prices for
production from different reservoir sizes located in regions with different
production cost relationships;

6. Alternative schedules for exploration and development in a given
OCS region and the priority with which different regions are selected; and

7. Differential knowledge on the part of the government and the private
sector in a prebid situation  assuming that competitive leasing to the private
sector is the means used to foster energy resource development! regarding
resource or other data related to bidding behavior.

Issues such as these are now being raised more frequently by our federal
resource managers, the Congress and informed interest groups. Both Houses
of Congress are considering or have passed comprehensive legislation modifying
the original 1953 Outer Continental Shelf Lands Act �7 Stat. 462; 42 U.S.C.
Secs. 133-1343! which provides authority for offshore re<~urce develop-
ment. The Department of the Interior is performing limited experiments with
different leasing systems in an effort to foster public objectives with
regard to OCS development. The energy industry issues forecasts of possible
implications for OCS development that would stem from numerous changes
suggested for our tax codes, leasing systems, leasing schedules and domestic
energy price levels. It is, perhaps, no surprise that public debate over
these issues has often produced no consensus as to a future course of action.
Issues are being raised with claims and counter claims about appropriate
management policies. Yet little, in depth, research has been made available
for public review and comment.

More importantly, in the planning activity that followed the Arab oil
embargo, the authors know of no comprehensive study of OCS potential for



energy production under alternative management policies and development
 leasing! schedules. Even the Project Independence Report of the Federal
Energy Administration  Oil, 1974! did not evaluate alternative strategies
 of the type outlined above! or schedules for OCS activity. As the United
States attempts to formulate a long range energy policy, however, such an
evaluation will be required. For without it, neither the time profile for
production nor the present value economic effects of changes in public
policy can be ascertained.

It is to these concerns that the research contained in this report is
dedicated. Although an exhaustive evaluation of all possible changes in
management policies or other relevant circumstances is beyond the scope of
any one study, we hope to provi.de an appropriate analytical framework for
such evaluations and highlight the use of it through application to some
of the important policy issues currently being discussed in the political
arena. The study is divided into six main components. In the first, the
geology and energy potential of the United States OCS is examined and
alternative scenarios are developed regarding the quantity and location
of possible hydrocarbon resources. As part of this effort, estimates of
the numbers and distribution of undiscovered hydrocarbon fields of various
sizes are made. This information then serves as the basis for subsequent
policy analysis. In addition, a framework is established within which
judgements can be made concerning the order and rate of leasing  the leasing
schedule!; and the resultant effect on the hydrocarbon discovery process.

Second, a discussion of alternative leasing systems is presented and
these systems are compared with current United States leasing and resource
management policy. The basic principles of each system are pointed out and
the underlying theory of alternative systems discussed. The principal focus
is on the risk sharing capability of various approaches.

Third, an analytical framework is formulated for later use in analyzing
alternative leasing strategies and schedules. This framework takes the form
of a discounted cash flow si~ulation model using Honte Carlo techniques for
incorporating risk with respect to critical variables. In addition, geologic,
institutional and engineering considerations relevant to OCS decision making
are included in the model specification. The net result is a model designed
to encompass the elements of expected market behavior when OCS lands are
offered for lease to the private sector.l Impacts of alternative management
policies on a variety of economic factors, such as resource discoveries,

Note that the approach used here is substantially more sophisticated
than previous models formulated by the authors  Kalter, et al., 1975; Kalter,
et al., 1974; Kalter and Tyner, 1975!. For example, the exploration and
development phases of the discovery process are now handled separately,
taxation issues are more thoroughly treated and investment time lags  with
associated tax interactions! have been incorporated. In addition, issues
of joint cost, associated with development of a second resource like natural
gas, and numerous other technical and policy oriented features have been
incorporated.



production rates and timing, investment requirements, government revenue,
and development risk can be obtained from model simulations.

Fourth, potential costs of hydrocarbon exploration, development and
production in various regions and for different leasehold sizes and
reservoir discoveries are described and forecast. When used in conjunction
with resource estimates and the analytical techniques specified, these
production cost values complete the data needed for an economic evaluation
of management policy.

The resource and cost information is first used in conjunction with the
evaluation model to analyze alternative leasing systems which have been
suggested for OCS development. The viability of these systems under different
conditions and their impact on risk transfer is the main focus, but other
economic impacts are also reviewed.

Finally, the accumulated study results are used as the basis for a
major analysis of leasing schedules for the OCS under several alternative
leasing systems and various market conditions. Emplications of various
schedules for production profiles of oil and natural gas and for present
value economic results provide the focus. What emerges is a picture of what
can be expected from the OCS in the way of future domestic hydrocarbon
supply augmentati,on under various market conditions and management policies.



Chapter XI

United. States Outer Continental Shelf Energy Potential

To evaluate alternative management options for energy development on the
OCS estimates of the amount and, characteristics of potential recoverable

2hydrocarbons contained in the relevant sedimentary basins must be made,
Physical constraints imposed by the geology and geography of offshore areas
must also be examined; for it is the geology which controls the distribution
of oil and natural gas and the geology, geography, and physiography which
impose economic costs that limit the amount of hydrocarbons recoverable from
those in-place.

Specifically, two categories of geologic based information are necessary
for the analysis to be carried out in this study. Pirst, estimates of the
numbers of undiscovered oil and natural gas fields distributed throughout the
various OCS areas by size classification are required. This information cate-
gory includes several types of data such as distributions of expected recover-
able reserves and expected field size distributions for each province.
Second, judgements as to the order and rate of field discovery under alterna-
tive leasing schedules must be made. Data regarding these issues are,
obviously, limited and subject to substantial uncertainty Except for the
Gulf of Mexico and portions of the OCS off California, offshore lands of the
United States are "frontier" areas in the sense that little concrete geologic
data are available. Geophysical seismic surveys may be partially completed
for some areas and extrapolations from land-based geology can often be made.
But only after actual exploration and drilling can increased certainty regard-
ing resource distribution be obtained. Yet, for policy purposes, this delay
is unacceptable. Thus, available data must he used in conjunction with
necessary assumptions and generalizations. What needs to be emphasized is
that the resulting estimates are only as good as the geologic information
available for the areas or regions under investigation. Probability and/or
sensitivity techniques must, therefore, be employed to provide additional
information concerning analytical results.

In this chapter, the geologic issues raised above are analyzed. and a
methodology for determining base data estimates is evolved. The process
begins with a discussion of the available estimates of OCS hydrocarbon poten-
tial and a review of the various estimation procedures used in arriving at
these estimates. The most appropriate data source on undiscovered resources
by offshore province is then selected for the analysis, and the resource
estimates are modified so that the reserve data conceptually matches the
requirements of the analytical model to be developed in Chapter IV.

The next. step in the process is to select a data source for field size
distributions. After mod],fications of the selected theoretical field size

2
The Outer Continental Shelf  QCS! of the United States is defined here

as the portion of the ocean floor which is beyond the jurisdictional limits
of the individual states.



distributions and partitioning the distributions into field size classes, the
reserve data and field size distributions by subregion are used together to
determine the numbers of fields of each size which could be discovered.
Variance estimates for each field size classification are also provided, The
mean and variance  standard deviation! for each subregional field size classi-
fication become the basic geologic inputs to the policy evaluation model,
Subregional mean reserve estimates, field size class means, and numbers of
fields in each class are then combined in a simplified discovery sequence
model to simulate the hypothetical order of field discovery. This discovery
order is conceptually linked to potential leasing schedules. Each of these
steps is described in detail in the material that follows.

Estimates of Geolo ic Potential: Attention has recently been focused on
differences between various estimates of undiscoverable hydrocarbon resorrrces
for the United States. Although such estimates are of necessity subjective,
the procedures used in incorporating the subjective judgements may be analyti-
cally sound. That not withstanding, the values produced by the U. S. Geologi-
cal Survey  USGS! from l960 through 1974 have been consistently higher, by
factors of three to five, than estimates made by other groups or individuals
 Zapp, 1962; Hendricks, 1965; Theobald, et al., 1972; USGS, 1974!. Examples
of the latter include several major oil companies  Gillette, 1974!, a dis-
tinguished USGS researcher  Hubbert, 1974!, and, now, the most recent USGS
estimates  Miller, et al., 1975!.

What factors would produce such divergent estimates? Even in geologi-
cally well-known areas, the nature of hydrocarbon occurrence in "blind" traps
thousands of feet below ground, and the still poorly understood relations
between timing and nature of origin, migration and entrapment processes, cause
all estimates of hydrocarbon resources to contain inherent uncertainties.
Extensive research has been done on identifying characteristics of oil and/or
natural gas producing basins. Yet, no models have yet been devised which
uniquely correlate type of geology with hydrocarbon occurrence. Results of
these studies have, nonetheless, been useful. in delineating prospective favor-
able geological areas or provinces. Potential petroleum reservoir rocks and
traps, both structural and stratigraphic, are routinely recognized using
various geological and geophysical methods. However, it must be emphasized
that even the most favorable prospects, in geological terms, cannot be verified
for hydrocarbon production potential without actually drilling a well.3 When
considering frontier regions such as the OCS, the uncertainty is even greater
because all estimates of undiscovered resources are made with extremely general
geological information.

3A most striking illustration of this statement is the Destin Dome  Oil
and Gas Journal, 1975!, off the west coast of Florida. Three major petroleum
companies, Exxon, Mobil and Champlin, paid $632.4 million for six leases
covering the eastern crest of the largest and seemingly most promising struc-
ture ever encountered in the Gulf Coast region. After spending an additional
$15 million on seven dry holes, Exxon has no further drilling plans in the
area. The lack of producible hydrocarbons in this geologically well-explored
and favorable structure emphasizes the risks and uncertainties involved in
making resource estimates, even on a local scale.



In addition to these geologicaL uncertainties, political, economic and
technological considerations may induce bias and high variance into almost
any resource evaluation. Also, the ultimate use to which a resource evalua-
tion will be put will tend to influence not only the format of the analysis
 Kaufman, 1975! but also, perhaps, the outputs With the above considerations
in mind, a closer look at estimation methods and their results would be in
order.

A Review of Estimation Procedures: The pre-1975 U. S. Geological Sur~ey
methods of evaluating petroleum resources were based on the assumption that
an area could be called "adequately" explored for hydrocarbon potential when,
on average, one 6,000 foot exploratory well was drilled for every two square
miles of potential sedimentary rack-covered area. Based on these criteria,
the 1.86 million square miles of onshore and offshore sedimentary rocks of
the counterminous United States which are thick enough to contain oil and gas
could be adequately explored by exploratory drilling totalling five billion
feet. Because approximately one billion feet of exploratory footage had been
drilled through the late 1950's, the reasoning held that eighty percent of the
United States remained to be explored. Estimates of the early 1960's assumed
that the rate of discovery of oil would be equal to the average quantity
discovered per foot dri11ed in the past and, thus, 460 billion barrels of oil
were estimated yet to be discovered  Zapp, 1962!. In 1965, in response to
objections, principally by M. King Hubbert, this discovery rate was reduced
to one half the former rate per foot drilled and a new estimate of 400 billion
barrels ultimate productio~  including cumulative past production! was ob-
tained  Hendricks, 1965!. As late as 1974, the USGS estimates of undiscovered
oil were in the range of 200-400 billion barrels of oil and natural gas
liquids for the United States  including Alaska! onshore and offshore to
water depths of 200 meters  USGS, 1974!.

For years the USGS' geological/volumetric approach was challenged by
Hubbert �962, 1969!. His historical extrapolation techniques re1y on the
theory that oil resources are finite and that a production versus time graph
would be bell shaped. Petroleum production would grow exponentially at first,
level off and then approach an exponential decLine. In 1956, using drilling,
discovery, and production statistics from 1860 to the present, Hubbert pre-
dicted the United States oil production peak which occurred in 1970. Hubbert's
arguments are also based on historical records that ret'urns per exploratio n
foot drilled have fallen from 276 barrels in the 1930's to 35 barreis per foot
in 1965 and as low as 30 barrels per foot in 1972  Gillette, 1974!. Using
projections based upon such statistics, Hubbert's estimate of recoverable oil
and natural gas liquids  NGL! is 67 million barrels, or about one-third of the
USGS' lowest estimate in 1974  Hubbert, 1974!.

In more recent years, several oil companies, Exxon  Garrett, et al.,
1974! and Mobil  Mobil Oil Corp., 1975! and the USGS Resource Appraisal Group
 Miller, et al., 1975! have developed models for estimating undiscovered
petroleum resources using subjectively determined input distributions for
certain geologic parameters. These parameters include such variables as gas-
oil ratios, oil recovery in barrels per acre-foot, barrels per cubic mile of
sediment, ultimate recovery factors, etc. t'udgemenrs of high, low and most
likely values for these parameters are commonly elicited from experts and
incorporated in the calculations. Using this method, the United States can be



divided inta provinces af similar geologic structure and stratigraphic charac-
teristics. The geological parameters for these individual areas are then
estimated  aften using known geological areas as analags}, and quantities of
undiscovered hydrocarbons for each province are calculated,, With province
results in the form of probability distributions, estimates for the entire
United States or for any other aggregation of individual provinces can be
obtained by using Monte Carlo simulation techniques ta sum the values for
individual regions. Output is usually in terms of a high probability value,
a low probability value and a most likely value. The technique is particularly
appropriate for estimating resources in frantier regions, where little statis-
tical information has been accumulated on di,scovery-to-wildcat ratios, sizes
of oil pools, and other data obtained as an area is actually explored. Using
such techniques, Mobil's "expected value" for undiscovered oil and natural gas
liquids for the United States onshore and offshore to water depths of 1,829
meters �,000 feet! is 88 billion barrels  Gillette, 1974!, while the USGS
Resource Appraisal Group's "mean" value is 98 billion barrels  ta water depths
of 200 meters!.

Probability models for determining amounts of liquid hydrocarbons yet to
be discovered in particular basins or those resources associated. with a parti-
cular type of trapping process have alsa been proposed  see Kaufman, 1974;
Kaufman, et al., 1975!. These models rely on the assimilation of drilling
information as exploration proceeds in a given area. Thus, they seem most
useful in the analysis of fairly well-known basins or of basins presently
being explored and drilled in comparison to the unexplored offshore frontier
areas to be considered in this study.

Other groups and individuals have presented estimates af United States
petroleum resources. The methods vary somewhat and resulting values reflect
different techniques, different subjective judgements and assumptions, and
also differences in area considered � especially in the offshore provinces.
Water depths of 200 meters �60 feet!, 1,829 meters �,000 feet! and 2,500
meters  8,200 feet! have been used as cutoff limits for various reports.
Figures 1 and 2 provide summary comparisons of a number of oil and natural
gas resource estimates for the United States.

Probabilit Estimates of Ener Resources for OCS Provinces: For purposes of
this study, it is obvious that aggregate resource estimates for the United
States or its QCS would not provide the detail required to evaluate alterna-
tive management policies. Regional variations in critical variables, such as
geology and production costs, point up the need for disaggregated estimates.

Only one data source was available which met the general criteria cited
above and also provided sufficient background information to allow for further
data manipulation. That source was the most recent USGS resource evaluation
 Miller, et al., 1975; plus background data supplied by the USGS Denver office!.

Figures 3 and 4 detail the specific OCS provinces evaluated by the USGS
Resource Appraisal Group. From these twa maps, it should be noted that the
Atlantic Outer Continental Shelf region to water depths of 200 meters is
divided into four pravinces, the Gulf of Mexico into two provinces, the
Pacific offshore region into nine provinces, and Alaskan offshore regions into
thirteen provinces. These twenty eight offshore provinces include all areas



Figure 1.--Comparative Estimates of Undiscovered Recoverable Oil Resources
in the United States
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�! Theobald and others, U. S. Geological Survey Circular 650, l972. Includes
water depth to 2,500 meters  8,200 feet!.

�! U. S. Geological Survey News Release, March 26, 1974. Includes water depth
to 200 meters �60 feet!.

�! Hendricks, U. S. Geological Survey Circular 522, 1965. Adjusted through
1974. Includes water depth to 200 meters �60 feet!.

�! National Academy of Sciences, "Mineral Resources and the Environment,"
1975,  See National Research Council!, Water depth not indicated.

�! U. S. Geological Survey "Mean," Oil and Gas Branch Appraisal Group,
1975. Includes water depth to 200 meters �60 feet!.

�! Mobil Oil Corporation, Expected Value: Science, 12 July 1974.  see
Gillette!. Includes water depth to 1,830 meters �,000 feet!.

�! Weeks, L.G., Geotimes, July-August, 1960. Adjusted through 1974. Water
depth not indicated.

 8! Hubbert, Senate Committee Report, 1974. Includes water depth to 200
meters �60 feet!.

 9! American Association of Petroleum Geologists Nem. 15, 1971. Also National
Petroleum Council, "Future petroleum provinces of the United States," 1970.
Some areas are excluded from this estimate. Includes water depth to
2,500 meters  8,200 feet!.

�0! National Petroleum Council, U. S. Energy outlook -- oil and gas availa-
bility," 1973. Includes water depth to 2,500 meters  8,200 feet!.

Source: Miller, et al., 1975.



10

ALASKA
rrrrAx

2000 2000

1750 1 750

r 500
LJJ
LLI

r 250

u r 000

r 500

I 2 50

] 000
Z

750

500

750

500
Z

250 250

�! Theobald and others, U. S. Geological Survey Circular 650, 1972. Includes
water depth to ?,500 meters  8,200 feet!.

�! U. S. Geological Survey News Release, March 26, 1974. Includes water
depth to 200 meters �60 feet!.

�! Hendricks, U. S. Geological Survey Circular 522, 1965. Adjusted through
1974. Includes water depth to 200 meters �60 feet!.

�! Potential Gas Committee, "Potential Supply of Natural Gas in the United
States," 1973. Includes water depth to 460 meters �,500 feet!,

�! National Academy af Sciences, "Mineral Resources and. the Environment,
1975.  See National Research CounciL!. Water depth not indicated.

�! U. S. Geological Survey "Mean", Oil and Gas Branch Resource Appraisal Group,
1975. Includes water depth to 200 meters �60 feet!.

�! Mobil Oil Corp., Expected Value: Science, 12 July 1974.  See Gillette!.
Includes water depth to 1,830 meters �,000 feet!.

 8! Hubbert, Senate Committee Report, 1974. Includes water depth to 200
meters �60 feet! ~

 9! American Association of Petroleum Geologists Mem. 15, 1971. Also National
Petroleum Council, "Future Petroleum Provinces of the United States," 1970.
Some areas are excluded fram this estimate. Includes water depth ta
2,500 meters  8,200 feet!,

 lO! National Petroleum Council, "U. S. Energy Outlook � � Oil and Gas Availa-
bility," 1973. Includes water depth to 2,500 meters  8,200 feet!.

Source: Miller, et al., 1975.

Figure 2.� Comparative Estima es of Undiscovered Recoverable Natural Gas Resources
ia. the United States
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Figure 4.--Map of Alaska Showing USGS Resource Appraisal Group Regional OGS
Boundaries.
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to be considered for federal leasing according to the Proposed QCS Leasing
Schedule of June, 1975  U. S. Department of the Interior, 1975!,4

The subjective resource appraisals for individual geologic provinces
used by the USGS group in preparing their appraisal were obtained from the
basic data files at the Denver office. Table 1 summarizes the results of the
appraisals for undiscovered recoverable liqui.d hydrocarbon and natural gas
from the offshore provinces shown in Figures 3 and 4. The appraisal results
shown in Table 1 include the following information:

l. A marginal probability estimate of the chance that any economically
recoverable oil or natural gas is contained in the region under consideration.

2. Given that recoverable hydrocarbons are found, a low estimate with a
95 percent. probability that at least that amount exists.

3. Given that recoverable hydrocarbons are found, a high estimate with
a five percent probability that at least. that amount exists.

4. Given that recoverable hydrocarbons are found, a mean estimate.

Using these data and the assumption that the subjective probabilities  prior
beliefs! for hydrocarbon resource estimates are distributed lognormally,
Dr. G. M. Kaufman of M.I.T. fit the USGS estimates to lognormal curves
 personal communication, Betty M. Miller, Gordon M, Kaufman!. In addition,
Dr. Kaufman provided the 95 percent, 5 oercent, and mean values for each
province and the standard deviation for each lognormal distribution  also
shown in Table 1!. These distributions, then, are Baysian prior distributions.
In other words, they represent the distribution of subjective expectations on
future resource discoveries for each province.

Aggregate mean values and high and low probability estimates for the off-
shore regions of the United States and for the total OCS are also included in
Table l. It should be noted that Monte Carlo simulation techniques are needed
to sum the robabilit distributions of two or more provinces or of two or
more regions. Thus, except for the mean values, a simple addition of the
values for the individual provinces of a geologic region will not produce the
aggregated resource distributions shown.

4
However, the USGS appraisal includes only QCS areas to water depths of

200 meters �60 feet! and makes use of subjective judgements based on a con-
tinuation of pre-1974 price-cost relationships, Heither assumption can be
sustained over the long term, as leasing activity in these areas expands and
market conditions change. Because of these factors, the results of the USGS
appraisal are probably conservative  given acceptance of the methods, the data
used, and the judgements made!. No other published appraisals are available,
however, with the detail required for this study. Thus, we will not be able
to consider all OCS areas or resources potentially available to the United
States for leasing. When more detailed resource data become available, the
results provided here should be updated and ~de more comprehensive.
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Modification of Resource Estimates; Having selected the USGS Resource Apprai-
sal Group estimates as most appropriate for this study, some modifications and
interpretations are still necessary if the data are to be useful within the
context of our research methodology. Three, somewhat diverse issues, are
important -- the question of conditional versus unconditional distributions,
the partitioning of resource estimates between oil and non-associated natural
gas fields, and regional groupings to be used for our subsequent analysis.

Conditional Distributions: The distributions displayed in Table 1 are uncon-
ditional distributions and the means of the distributions represent the true
expected value of recoverable hydrocarbons. In a probability sense, the
distributions represent the intersection of the probability distributions of
recoverable hydrocarbons and the probability of finding hydrocarbons. How
ever, the economic model, to be formulated in Chapter IV, utilizes a proba-
bility distribution conditional upon success in finding oil. In other words,
it utilizes the distribution of expectations on reserve size given that oil
is found..~ The conditional mean value is determined by dividing the mean
values in Table 1 by the marginal probabilities of finding oil.6

5 Utilizing Bayes theorem, the conditional probability is found according
to the following formula:

P�i ! P OAS!
p s!

P �! = probability distribution f or oil
P S! = probability of success
P�!S! = probability distribution of oil given success
P OAS! = intersection of probability distribution for oil and for success

Although the theorem is usually applied to events with discrete probabilities,
the probability distribution for oil may be utilized in this case because only
the mean of the distribution is needed.

6Because the marginal probabilities  MP! are in the form of a decimal
fraction between 0.0 and 1.0 and represent the probability that commercial oil
or natural gas will be discovered within a geologic province, the value 1.0 � MP
is the probability that no commercial oil or natural gas will be discovered.
The economic model utilizes a dry-tract risk factor for the development analy-
sis. This input parameter represents the chance that no resource will be dis-
covered on the tract.

If we assume that the marginal probability for the entire province is also
a reasonable approximation for the probability of a resource find on a specific
tract, then the value 1.0-NP is a reasonable approximation for the dry-tract
risk factor in the economic model. This assumption has been incorporated into
this study with the realization that the probabiiity of a dry tract will not
be uniform throughout aa entire geologic province or subregion. Also,
intuitively, it seems that when considering a specific tract in a province with
a MP equal to 1.0, the risk of a dry tract vill be greater than 0.0  which
would be used in the model!. However, it should be emphasized that the
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Partitioning of Resource Estimates; For an appropriate economic analysis of
oil and non-associated natural, gas fields, a partitiqning of estimated resour-
ces between these field types is requixed.7 To do this, two assumptions were
made.

First, using historical production data fox associated and non-associated
gas production PIPC, 1973!, the assumption was made that twenty percent of the
total natural gas  GTOT! estimate in each province was associated gas  GASS!
and eighty percent was non-associated gas  GNASS!. Second, .033 barrels of
natural gas liquid  NGL! was assumed produced for each Mcf of natural gas
production. This factox' is the national NGL-to-gas ratio utilized in USGS
Circular 725. It is somewhat higher than the offshore average of .025 assumed
in the same publication. However, the larger national avex'age was utilized
in this study.8

Utilizing the two assumptions described above, the following calculations
were made. First, the total amount of natural gas liquids produced from non-
associated gas fields  NGLNASS! was obtained by multiplying the natura1 gas
liquid yield factor of .033 barrels per Mcf by the total amount of non-
associated gas  GNASS!:

�! NGLNAS S = . 033 �. 8 GTOT!

Second, the total amount of liquid hydrocarbons in oil fields  LIQASS!,
i.e., the sum of oil  OIL! plus natural gas liquid yield from associated gas
production  NGLASS!, is obtained by subtracting the natural gas liquids in

marginal probabilities subjectively reflect the amounts of geologic knowledge
available for the areas and, thus, give relative differences in the. expecta-
tions of success or failure between the various provinces and subregions.
Because these marginal probability values can be subjectively interpreted as
being measures of relative risks across various provinces, and because no
other risk estimates were available, these factors were utilized in the policy
analysis.

7
Non-associated natural gas fields are defined as those in which the pri-

mary resource is natural gas, or gas and condensate  natural gas liquids!.
Similarly, oil reservoirs are defined as those in which the pximary resource
is petroleum which can be produced with natural gas  associated gas! and
condensate.

8
The Bureau of Land Management  BLM! Technical Bulletin 5  p. 146! docu-

ments increases in NGL-to-gas ratios for both non-associated and associated
gas during the years 1947-1967. In. 1967, the NGL-to-non-associated gas ratio
was .025 and the NGL-to-associated gas ratio was .045, the NGL/total gas ratio
being .029. Assuming a continued increase in the OCS NGL-tq-gas ratio and
realizing the uncertainties in projecting these ratios throughout the various
geographic locations of frontier OCS regions, the national NGL-to-gas ratio was
assumed fqr all provinces under consideration.
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non-associated gas f ields  NGLNASS! gram the, estimates of total liquid hydro-
carbons  LIQTOT! for each province:

�! LIQASS - OIL + NeLASS = LIQTOT � NGLNASS - LIQTOT � 0.33  .8 GASTOT!

Thi rd, with the approximations for associated gas  GASASS! and total
liquid hydrocarbons contained in oil fields  LIQASS!, an associated gas-to-
liquids ratio  AGFAC! was computed for each province.'

AGFAC = GASASS/LIQASS

These results, then, gave the amount of undiscovered hydrocarbon liquids
 oil and NGL! contained in oi1 fields, the amount of NGL in non-associated
gas fields, and the amount of undiscovered natural gas contained in non-
associated gas fields. Also, the associated natural gas present in oil fields
can be computed by using the associated gas to liquid hydrocarbon ratios.

Regional Aggregation: Upon reviewing the twenty-eight USGS offshore provinces
in the context of proximity, geography and geologic analog used to estimate
field size di.stributions  see next section!, it was decided to group a number
of the provinces together to form thirteen subregians. This was feasible
because of the similarities which existed between individual members of the
original taxonomy, both with respect ta geology and production costs  see
Chapter 5!, and was done in order ta reduce analytical casts  principally
computer time!. Figures 5 and 6 display the results of this aggregation.

The thirteen subregions and the USGS provinces which comprise them are
also listed in Table 2. In addition, the sums af the conditional mean resource
estimates for undiscovered recoverable oil and natural gas in the subregions
are listed, along with associated gas/oil ratios.9

Field Size Distributions: Because the economics of energy resource develop-
ment vary markedly according to the amount of developable resource contained
within an oil or natural gas field, it is essential that information be ob-
tained as ta how the hydrocarbons may be distributed according ta fieM size.
A number of studies have demonstrated empirically that the size distributions
of oil fields have an approximate lagnormal form  Arps and Roberts, 1958;
Kaufman, 1962; McCrossam, 1969!. This means that many of the fields in a
region may be too small to develop, but that a large percentage of the hydro-
carbon resources may be trap~~d in relatively large-sized fields  which will
be economically producible!. Hence, the nature of the field size

9
Although the p rovinc es comb ined to form the sub x egions were geog raphi-

cally contiguous, the provincial marginal probabilities were not always equal
throughout. For these cases, a weighted average af the marginal probabilities
was calculated using the mean undiscovered recoverable resource estimates as
weights. These revised marginal probabilities are also shown in Table 2.

10
According to an Office of Technology Assessment study, seventy-five

percent of the reserves found in the United States have been in fields af
fifty miIIion barrels or larger  OTA, 197$, pp. 19-22! .
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distributions within offshare provinces will influence the development of
these areas.

These distributions are, af course, impossible to determine in areas with
little or no exploration and/or production histories. Even in well-developed
petroleum basins it is difficult to assess the field size distributions with
complete accuracy. However, utilizing historical records of exploration re-
sults in similar geologic areas can furnish a reasonable basis for making
assumptions.

For example, the yearly issue of the Bulletin of the American Association
of Petroleum Geolo ists devoted to "North American Developments" presents
historical compilations of new field discoveries in the United States. For
each year, the total number of new fields discovered is divided into six size
classifications:

Field Class Oil Field Size Gas Field Size

Figures 7 and 8 are graphs of the total numbers of oil and natural gas fields,
respectively, in the size ranges A through F, which were discovered between
1945 and 1968. It is instructive to note the rapid decrease in field size as
the number of fields discovered increases.

More detailed insight into the size distribution of oil fields is pub-
lished in the National Petroleum Council's  NPC! report on oil and natural gas
availability  National Petroleum Council, 1973! . The NPC utilized a tabula-
tion of crude ail reserves by field size for the period 1860-1944. These
historical statistics were separated by region and geologic horizon. Field
size data were plotted on lognormal probability paper and a straight line was
fit ta each province data set, corresponding to a particular lognormal proba-
bility distribution. Sufficient data to characterize each of these distribu-
tions are tabulated in Table 3. The mean field size for each distribution and
the field sizes at plus and minus one log standard deviation �5.9 and 84,3
percent! are presented.

The AAPG data and NPC distributions represent alternative approaches
which could be utilized in this study. One approach would be to assume that
the field size distributions for each of the various offshore provinces are
similar to the AAPG data for the entire United States depicted in Figures 7
and 8. Obviously, however, the field size distribution of each af the offshore
provinces will differ, perhaps significantly, from these aggregated United

A B C
D F.
F

over 50 million barrels
25 � 50 tl

10 � 25 Iv

1 � 10 Il

less than 1 million bbls.

abandoned as

non-profitable

over 300 million Mcf
150 3QO ff II

6Q 1 5Q II II

6 � 60 II II

1 e s s than 6 million Mc f

aband oned as

non-p ro f i tabl e
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Figure 7.� Numbers of New Oil Field Discoveries of Various Sizes
�946-1968!
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Figure 8. � Numbers of New Natural Gas Field Discoveries of Various Sizes
�946-1968!
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Table 3.� Oil Field Size: Lognormal Distribution for Various Percentiles

Coastal/Santa Maria Valley
Los Angeles Basin
San Joaquin Valley

0.33 7.20

3.20 20.50

0.66 11.30

0.63 8.40

0.16 6.15

0.19 4.10

0.53 3.14

0.07 1.83

1.18 6.80

Ventura Basin

0.28

0.18

2.98

1.90

34.50

21.00

Mesozoic

Mesozoic

Permo-Pennsylvanian
Pre-Pennsylvanian

0.30

0.39

43.00

27.80

3.60

3.25

Guadalupe
Guadalupe
Guadalupe

0.01

0.11

0.87

0.43

2.50

7.20

17.00

66.00

61.50

Gulf Coast 1.24 9.30 71.50

Green River

No. Rocky Mountains  excl.
Green River!

No. Rocky Mountains
Composite

Midland Basin/Eastern Shelf
Northwest Shelf

Central Basin Platform,
Delaware and Diablo

Basin Composite
New Mexico/West Texas

Composite

,Pliocene/Upper Miocene
P 1 io cene/Upp er Mio c ene
Pliocene/Upper Miocene
Middle Miocene

Lower Miocene

Eocene and Older

Pliocene/Upper Miocene
Middle/Lower Miocene
Oligocene and Older

Lower Permian

Cisco/Canyon/Strawn
Lower Pennsylvanian
Mississippian
Ordovician

Pleistocene/Pliocene/
Upper Miocene

Miocene
Oligocene 0-5000 '
Oligocene 5000-15,000 '
Eocene

Cretaceous

Jurassic
a

Pre-Jurassic

0.03

0.13

0.06

0.33

0.10

0.82

0.45

0.43

0.17

0.23

0.24

0.02

0.48

0.80

0. 58

0.77

1.60

5.60

1.48

3.65

1.48

3.25
4.20

0.21

154.00

136.00

190.00

112.00

66.00

90.00

18.20

51.00

39.00

8. 60

5.00

7.30

1.85

28.00

38.00

15.10

31.00

12.60

45.50

72.00

2.30
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Table 3.--Continued

Midcontinent

Michigan Basin Middle Devonian-Silurian

Middle Ordovician
0.80 11.20

0.43 4.45

0. 06

0. 04

Eastern Interior 2.30

0.87

0. 02

0. Ol

0. 21

0. 11

0. 06

0. 04

0. 02

O. 80 ll. 20

0.43 4.45

0.16 1.90

Appalachian 0.68

1.16

0.04

0.02

2.82 11.00

4.95 21.10

0.43 4.45

0.].6 1.90

Lower Mississippian
Devonian-Silurian

Middle Ordovician

Cambrian-Ordovician

d
Cretaceous

Jurassic and Older

Atlantic Coast 0.23

0.24

3.25 45.50

4.20 72.00

Eastern Interior Basin Composite Mississippian data  closest geologically
related information!

b Gulf Coast Cretaceous  closest geologically related information!

c
Midcontnnent Upper Middle Ordovician  closest geologically related

information!

d
Gulf Coast data used  closest similar geologic information!

Source: National Petroleum Council, 1973, p. 182.

b
Cretaceous

Permian

Pennsylvanian
Mississippian
Devonian-Silurian

Upper Middle Ordovician
Lower Middle Ordovician

Lower Ordovician

Mississippian
Lower Mississippian
Middle, Lower Devonian/

Silurian

Upper, Middle Ordovician
c

C amb rien-Ordovician

0.23
0.03

0.04

0.02

0.04

0.04

0.10

0. 02

3.25 45.50

0.48 8.60

0.47 5.00

0.23 2.90

0.16 0.62

0.43 4.45

0.92 8.30

0.16 1.90
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States field size distributions. For this reason, it was decided that the
NPC field size statistics would be more appropriate.ll

However, because the offshore areas considered in this study are not in-
cluded in the statistics shown in Table 3, geologic analogies had to be esta-
blished between the offshore provinces under study and the geologic provinces
for which field size data are available. Fortunately, such analogies were
included in the Province Summary Sheets and the Resource Appraisal Province
Estimate sheets which are part of the Basic Files for USGS Circular 725
housed in Denver. The analogs consist af judgements by the province evalua-
tors as ta which known geologic provinces are analogous ta the area for which
the resource estimates were being made. The analogs proposed by the province
evaluators for each of the OCS provinces are listed in Table 4. In comparing
Tables 3 and 4, it is evident that a number of tQe analogs proposed by the
USGS evaluatars are not included in the NPC field size distributions. Thus,
for some offshore provinces, a further judgement was required ta draw an
analogy with one of the NPC provinces. Also listed in Table 4 are the NPC
geologic provinces which were used as analags for the offshore provinces in-
cluded in this study. These analogs, then, serve as the basis for our esti-
mates of offshore field size distributions in each of the thirteen subregions.

Estimation Procedures: Use of the NPC analogs to determine field size dis-
tributions for each offshore subregion involves some difficult problems of
interpretation. As mentioned abave, the analog field size distributions were
created by fitting theoretical lognormal distributions to observed field size
data in various United States geological provinces. In every case the
potential range of the resulting theoretical distributions is much greater
than the data actually used in creating the distributions. For example, if
one af the theoretical distributions were repeatedly random sampled, the
range of sample values would be fram very near zero to billions of barrels of
oil, whereas the range of the historical data actually used in creating the
distribution would be much narrower. Hence, although the theoretical
lognormal distributions provided a good fit of observed data within and near
the range af observed historical data, extrapolation to the tails of t' he
distributions produced results which were neither valid nor meaningful.

To correct this deficiency, we attempted to determine appropriate cri-
teria for truncating the theoretical lognormal distributions to make them
statistically valid and useful for this analysis. On the lower end, we set
out to determine the minimum field sizes which were considered by the geolo-
gists who formulated the USGS Province resource estimates. As mentioned above,
the USGS report states that the estimates were done assuming continuation of

11
Although many of the same kinds of hydrocarbon generation, migration

and trapping processes are involved in the formation of oil and natural gas
fields, some aspects of gas accumulation differ significantly from those for
oil. With this in mind, but also with the realization that sa little is known
about the geology of the offshore provinces, the assumption was made that the
forms of the field size distributions were the same for both resources.
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pre-1974 price-cost relationships  Miller, et al., 1975, p. 1! . On a province
by province basis, we polled a number of geologists attempting to determine
what were the minimum field sizes considered to be commercially developable
 given the pre-1974 economics assumption! and, therefore, included in the
total resource estimate.l2 While it was difficult to obtain definitive state-
ments from many of those consulted, a range of figures regarding minimum
cormnercial field size by province did emerge from the numerous discussions.

On the basis of these discussions, minimum field sizes applicable to the
twentymight original VSGS geologic provinces were estimated. These values
are summarized in Table 5. In all cases, we have used an estimate from the
lower end of the ranges obtained from the geological experts. The rationale
for this decision was directly related to the influence of changing economics
on the minimum field size values, Since our subsequent economic analysis will
use post-1973 price-cost relationships, consistency requires the use of such
relationships in defining the cutoff point on the USGS distributions. By
using the lower end of the ranges of the subjective values obtained for mini-
mum field sizes, a better approximation of current relationships could be ob-
tained. In addition, a comparison was made between results using the lower
and upper ends of the ranges and the distribution of field sizes changed by
less than five percent. Thus, the results do not appear overly sensitive to
the judgements made.

The subjective interpretations of minimum field sizes were then applied
to the estimated resource distributions for each of the thirteen offshore
subregions under consideration  note that the minimum field sizes for all
aggregated provinces were identical! ~ Hence, this process assumes that all of
the estimated undiscovered recoverable resources are trapped in fields larger
than the minimum developable field size.

Statistical considerations also required that a maximum field size cutoff
be applied to the distributions  Kaufman, et al., 1975!. Because the para-
meters for the lognormal distributions were available and not the specific
historical field size data, an assumption had to be made concerning the maxi-
mum field size expected to be discovered in each geologic subregion. After
testing various alternatives, this maximum cutoff was established as the point
at two log-standard deviations beyond the mean for each particular distribu-
tion. This value appeared reasonable in that the distribution of oil by
field size category generally approached the historical distributions for the
United States.

The truncated lognormal field size distribution for each subregion could
now be used to determine mean field sizes and, in conjunction with our mean

12
Among those contacted were Betty Miller and Gordon Doltan USGS Denver'

W. T

Sid
Perry, Jr. and Larry Drew, USGS, Reston, Rod Pearcey USGS New Orl

Kau man and William B. Travers, Cornell University; plus a number of indivi-
duals from the commercial sector, most of whom requested that their identity and
specific comments be kept off the record.
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Table 5. � Estimates of Pre-1974 Minimum Developable Hydrocarbon Field Sizes
for Each of the Offshore Geologic Provinces

75.0

75.0

75.0

60.0

60.0

60.0

60.0

60.0

60.0

30.0

60.0

60 ' 0

60.0

15.0

12.5

12.5

12.5

10.0

10.0

10.0

10.0

10.0

10.0

5.0

10,0

10.0

10.0

2.5

Beaufort Sea

North Chukchi

Central Chukchi

Hope
Norton

St. Matthew-Hall

Bristol

Navarin

Zhemchug-St. George
Cook Inlet

Eastern Gulf of Alaska

Kodiak Tertiary
Shumagin Shelf
S. California-Inner Basins

S. California-Outer Basins

and Ridges
Santa Barbara Channel

Santa Cruz

Santa Maria

Bodega
Pt. Arena

Eel River

Oregon-Washington
Florida Gulf Platform

C. and W. Continental Shelf

North Atlantic Shelf

Central Atlantic Shelf

South Atlantic Shelf

Southeast Florida Shelf
and Straits

15.0

15.0

24. 0

24. 0

24.0

24.0

24.0

24.0

9.0

9.Q

30.0

15.0

9.0

2.5

2.5

4.0

4.0

4.0

4.0

4.0

4.0

1.5

1.5

5.0

2.5

1.5

9.01.5
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resource estimates  Table 2!, to estimate the number of fields by size catego-
ry. In addition, an estimate of the standard deviation of field sizes for
each region must be made. Derivation of these three factors will be outlined
below.

Mean Field Sizes by Field Size Group: Mean field sizes were developed by
randomly sampling each field size distribution until one thousand fields
larger than the minimum developable field and smaller than the maximum cutoff
size were obtained. These fields were then grouped into the following size
categories:

Category l � Minimum field size to fifty million barrels for oil and
to three hundred miLLion Mcf for natural gas,

Category 2 � Fifty to one hundred million barrels for oil and three
hundred to six hundred million Mcf for natural gas, and

Category 3 � � Greater than one hundred million barrels for oil and
greater than six hundred million Mcf for natural gas.

For each of the three categories, the mean field size and proportion of total
resource  per subregion! expected in each field size category were calculated.
Table 6 displays the results for oil and Table 7 for non-associated natural
gas.

Standard Deviation of Field Sizes: The standard deviation of each field size
category  for each subregion!, along with the field size means, forms the
basis for our subsequent Monte Carlo simulation of the reserve value used as
input to the economic analysis'

Subjective judgements were made for this purpose, incorporating the
following considerations:

l. It is important to distinguish between ex ante expectation  belief!
distributions and ex ~ost distributions of actual field size. The analogs
used in this process represent actual  ex ~ost! distributions of discovered
oil field sizes. When these distributions are partitioned into three field
size classes, each class distribution represents an ex ~ost view of the dis-
tribution of oil field sizes within each category. Yet, it is the distribu-
tion of ex ante beliefs which we are seeking to determine.

This process assumes that geologists generally are able to classify their
expectations of a given area as having potential for a small, medium, or Large
find  or no find! . If we assume that the mean sizes of expected small,
medium, and large finds correspond to the mean sizes of the three field size
categories described above, we then need only to estimate the variance
 standard deviation! of each distribution. Clearly, the variance of the ex
~ost distributions  from the partitioned lognormal analogs! described above,
alone, is not a good basis for determining the ex ante distribution variance
of beliefs on oil discovery. There is no assurance that the variance of an

of a small find in a given province. The parameters of these "belief" dis-
tributions  u,o ! must be subjective judgements and cannot be statistically
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derived. All the information currently available is used in specifying that
!udgement.

2. The standard deviation to mean ratios for the USGS province resource
estimates ranged in value from 0.01 to 1.76, with but two provinces having
ratios greater than 1.00. Although these ratios are indicative of wide ranges
in expected variance in the province resource estimates, it is difficult to
apply these data directly to variance expectations for field size distribu-
tions.

3. Standard deviation to mean ratios for expectations of small fields
will probably be smaller than for the larger field categories used in this
analysis. The narrower range of field sizes contained in the two smaller
categories, when compared to the open-ended upper boundary for category three,
greatly limit the field size variance in the first two categories. On the
other hand, the shapes of the lognormal field size distribution curves for
the various subregions tend to be the principal control on variance as well
as mean field size for the category three fields.

4. It might be expected that after a period of extensive exploration,
drilling and production within individual provinces, the expected field size
variances would decrease in accordance with an increase in knowledge of the
geological characteristics of the province. However, the expected mean field
sizes for the region would undoubtedly also be revised as more geological
knowledge is analyzed. These two factors, of unknown importance, are not
applied to the present analysis. The assumption is made that the standard
deviations and mean field sizes for each of the categories do not vary over
the exploration time horizon.

With the above criteria in mind, the following somewhat arbitrary, but best-
guess, standard deviation to mean field size ratios  a/y! were applied to the
different field size categories: for small  category 1! fields, a/y = 0.5;
for medium  category 2! fields, a/p = 0.7; for large  category 3! fields,
a/p = 1.0. The results of this application are also displayed in Tables 6
and 7.

Numbers of Fields by Size Category: Next, the total number of fields expected
in each size category and subregion was calculated. The conditional mean
resource estimate for each subregion  Table 2! was multiplied by the pro-
portion of the total resource expected to occur in each field size category.
The resulting values  the amount of oil or natural gas in each field category!
were then divided by the expected mean field size for each category. The
result was the number of fields of each size expected in each subregion.
Table 8 displays the expected numbers of fields of each size for oil and non-
associated natural gas, respectively, far the OCS subregions of the United
States.

Order of Field Discover : An assumption regarding the rates at which hydro-
carbon fields will be discovered during exploration in each subregion is also
needed to complete our subsequent analysis. The discovery rate serves as the
basis for the time profiles of production and income streams under any given
Leasing schedule. Based upon empirical analyses of discovery rates in known
producing regions  Drew, 1974; Kaufman, 1965; Arps and Roberts, 1958!, several
researchers have attempted to describe or model the discovery process.
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This research has found that field size discovery may be modeled as
sampling without replacement, with the probability of discovery of an indivi-
dual field proportional to its size in relation to the remaining resources in
undiscovered fields  see Kaufman, 1975 for a detailed discussion of this
assumption!. Using this assumption, one can expect the order of discovery of
different field sizes within a region to be approximated by sampling from sets
of field size distributions  Table 8! without replacement, with the discovery
probabilities proportional to field size. It would be expected that large
fields generally would be discovered early in the exploration time horizon.
To implement this procedure, the following steps were taken:

l. The probability of selecting a field in a certain size category was
assumed to be proportional to the percentage of the total resource calculated
to be in that category within a subregion.

2. Using a random sampling procedure and the probabilities defined in
�! above, field sizes were sequentially selected. The mean of each selected
field size was subtracted from the total resource figure and new probabilities
were generated for each of the three field size categories before a new selec-
tion was made.

3. Sampling was continued until the resource was tota11y exhausted from
each of the three field size categories.

A listing of the sampling order could then be interpreted as the order in which
the fields are expected to be discovered,

It was then assumed that the rate of field discovery and the rate of OCS
leasing could be equated. This assumption implies that "errors" in the
leasing process, on average, tend to be offsetting and that the leasing
sequence is a good proxy for the discovery sequence. Because leasing policies
incorporate nomination of areas to be considered for leasing, the selection
of OCS tracts which will be offered by the government is really a consequence
af the exploration process. If we assume that the best prospects are nomina-
ted first by exploration companies, then these prospects will also be the
first to be drilled and evaluated. Given that the selection of areas to be

leased is part of the exploration process, it follows that it is part of the
discovery process and that the leasing order can, at least roughly, be equated
with the order of discovery.

Resource Discovery and Leasing Schedules: Completion of the discovery process
described above would result in total discovery of all recoverable resources
within an area. Because the leasing schedules considered subsequently are
probably insufficient to exhaust the discovery process, only some portion of
the recoverable resource would actually be found.>> Consequently, for

13 Environmental withdrawals, national defense areas, and manpower or
equipment constraints can all lead to this result.
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analytical purposes, we assumed that seventy-five percent of the total undis-
covered recoverable resource in any subregion would be discovered using the
leasing schedules to be evaluated.>4 It should be noted that using this cut-
off value, in conjunction with the random sampling process described above,
results in the discovery of all or almost all of the large field sizes ob-
tained from the field size distribution analysis.

Finally, for analytical purposes, the number of expected fields  by size
category! corresponding to the seventy-five percent cutoff value was divided
evenly int'o ten ex loration units. In this format, leasing policy decisions
such as concentration of leasing and exploration in particular areas can be
mare easily analyzed by increasing the number of exploration units assumed to
be conducted within a given time increment. The total number of fields in
all thirteen subregions which would be discovered in these ten exploration-
effort units are displayed in Table 9, while tabulations for the individual
subregions are included in Appendix A.

~gammer: Having completed all of the steps described above, the following
data were available for input to the economic model:

l. Expected numbers of undiscovered oil and natural gas fields of
various sizes distributed throughout each of the thirteen offshore subregians
of the United States  to water depths of 200 meters!. These data are in the
format of mean field size and standard deviation for each of three field size
categories for each subregion  see Tables 6 and 7!.

2. The order of and rate of leasing and discovery of the ail and natural
gas fields within each subregion  see Appendix A!.

To arrive at these values, we have tediously walked through a delicate web
of data and assumptions. Despite the high degree of uncertainty in the re-
sulting data, it appears to pravide the best available basis for the analysis
of alternative leasing systems and schedules, which is the purpose for which
it is intended.

14
Leasing schedules varying from ten to twenty years in length will be

simulated in Chapter 7.
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Table 9.--Total Hydrocarbon Fields Discovered in Ten Exploration Effort Units
 Assuming Discovery of 75 Percent of Total Keserves!

Oil

10 15

1410

1415

1412 10

1015

1612

23

25

25

10

Non � Associated Natural Gas

13

17

13

20

18

1610

Explorat ion
Effort

Unit

Number

Small

Fields

Number

Medium

Fields

Number

Large
Fields



Chapter III

Alternative OCS Leasing Systems

The basis for public management of OCS energy development is the leasing
system used to initiate and govern private sector development. In conjunc-
tion with leasing schedules  the rate and locations of potential OCS dis-
posal!, the leasing system is critical in determining government revenue, the
rate and length of production from individual fields, production costs, and
the return to the private developer. In this chapter, we discuss a variety
of alternative systems which could be used in leasing OCS hydrocarbon re-
sources. This discussion provides background information and sets the stage
for our subsequent empirical evaluation of such systems  Chapter VI!. The
results of that evaluation vill then be used in formulating the analysis of
alternative leasing schedules.

Historically, the leasing system used by the United States for OGS areas
is one which makes use of a cash bonus as the bid variable and assesses a
fixed royalty on the value of production. During the last several years, how-
ever, there has been increasing interest in alternative systems with varia-
tions in both the bid variable and the rate at which the contingency factor
 royalty or profit share rate! is assessed. This interest has culminated in
the enactment by the United States Senate of the "Outer Continental Shelf
Management Act of 1975"  S.521!. That bill, and a complimentary version now
under consideration by the House of Representatives, permits the use by
federal resource managers of a number of new leasing options. In the follow-
ing sections, we will review many of the leasing options which have been men-
tioned as alternatives to the current cash bonus approach  including options
specified in S.521!.

Leasin Ob'ectives: To compare alternative leasing systems, a set of evalua-
tion criteria is needed. The public leasing objectives stipulated by various
enabling statutes are three in number.

1. To ensure an orderly and timely development of the resource in
question;

2. To protect the environment; and

15
This statement assumes that the United States political system accepts

the value judgement that such development should rest with the private sector.
At this point, that proposition appears valid even though much debate has
taken place over this issue. We will not evaluate the question further; for

is primarily a political question concerning perceptions of administrative
feasibility and the impact that publicly run exploration and/or development
would have on economic efficiency and equity. Such questions are beyond the
scope of our inquiry. We will generally assume efficient development, and in
the case of leasing to the private sector, competitive activity throughout
our analysis.
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3. To ensure the public a fair market value return on the disposition
of its resources.j-6

The relative weights or trade-offs between the objectives are matters of
subjective judgement which must be considered before estabiishing new or
changed policies. For many, environmental protection should have a very
heavy weight in leasing actions; while others are more concerned about reve-
nue generation or public give aways to the private sector. Regardless of
the manner in which leasing policy is conducted, some balancing of various
social objectives is implicit. The degree of emphasis placed on the various
outcomes will to a Large extent determine the resultant policy mix.

The first objective, to ensure an orderly and timely development of the
resource, is related to both the leasing schedule and Leasing policy.
Clearly, the location and timing of leasing activity is relevant to this
objective, because it involves consideration of potential adverse regional
impacts, possible manpower and equipment constraints, and the effects on cap-
ital availability brought about by the rate of OCS development. The choice
of a leasing system is also related to this objective in that alternative
systems result in differing initial capital requirements, and different
timings of production and returns to the private sector investor. These
effects are examined in mare detail for the alternative systems in Chapter VX.

The second objective, to protect the environment, is related more ta the
schedule and Location af lease sales than to the leasing system employed.
Uniform administrative pracedures, requirements, and envirommental regula-
tions can be imposed across all leasing systems in order to insure that
environmental quality is maintained. Therefore, consideration of the environ-
mental impacts of offshore leasing can only be evaluated within the context
of leasing schedules, which are discussed in Chapter VI.

In this chapter, we turn our attention to the third objective, that of
insuring the public a fair market return on the disposition of its resources.
This objective is sometimes equated with maximizing government revenue al-
though the twa are not the same. The government could maximize its revenue
by acting as a profit maximizing monopolist and constraining the rate of OCS
leasing and development in order to increase revenues. However, for pur-
poses of this analysis, we will assume that the government does offer leases
at an adequate rate such that the fair market value objective may be thought
of as maximizing government revenue within the context of obtaining the true
competitive market value given adequate lease sales. Government revenue from
oil leases is composed of bonus payments, royalty and/or profit share pay-
ments, and taxes. The impact of the leasing system on government revenue
depends an the risk behavior of the leasing parties.

16 .The Outer Continental Shelf Lands Act of 1953 �7 Stat. 462; 43 U.S.C.
Secs. 133-1343! provides authority for offshore resource development. In
addition, the Mining and Minerals Policy Act of 1970 �0 U.S.C. Sec. 21a! de-
scribes national minerals policy and Title 31 U.S.C. 483 obligates the Fedexal
Government to obtain fair and equitable return on resource dispositions. Also,
the National Environmental Policy Act. of 1969 �2 U.S.C. 4321-47! details the
environmental protection goals under which government action can take place.
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Risk Behavior and Risk Sharin : Before proceeding, it may be beneficial to
review possible combinations of risk behavior from both the government and
private sector  bidders! point of view. Theoretically, there are six possible
combinations of behavior with the public and private sector each capable of
being risk averse, risk neutral, or risk loving. However, we will follow the
customary practice of assuming the government  or public sector! is risk
neutral and examine only the three remaining possibilities in further detail.

The simplest case is the situation where the private sector, as well as
the public sector, is assumed to be risk neutral. In that event, the degree
of risk sharing inherent in a lease system makes no difference because all
parties are indifferent to varying degrees of risk. In this case, government
revenue equals the sum of the residual lease value paid as a bonus, taxes,
and contingency payments. Alternative leasing systems, then, can be compared
on pure efficiency and equity criteria with na adjustments needed for risk
behavior.

Another possibility is that private sector bidders are risk loving; that
i.s, they prefer more risk to less. Assuming that the bonus bidding system is
the simplest to administer, is efficient, and has no undesired side effects,
the government would always choose a pure bonus system with no royalty or pro-
fit share provisions because its use would maximize government revenue. In
other words, there would be disbenefits to the public sector from sharing
risks with the private sector.

For the risk neutral and risk loving assumptions, none of the discussion
on risk sharing in this chapter is relevant. However, the efficiency and
equity aspects of the bonus system can still be evaluated. Although the con-
ventional wisdom is that the cash bonus system is the most efficient, this
"wisdom" will be treated as an hypothesis and examined empirically in
Chapter VI.

The final possibility is that private sector bidders are risk averse
 and the public sector risk neutral!. This assumption is the most commonly
employed and is the one to which our attention is directed in this chapter.
With risk averse behavior the cash bonus payment represents only a fraction
of the economic residual value. Because of the paucity of empirical ana-
lysis, it is impossible to measure the magnitude of the risk adjustment which
might take place. However, we can evaluate differences in indicators of risk
reduction without knowing their quantitative significance in terms of bonus
reduction. If firms are risk averse, risk sharing  contingency! systems
could turn out to be more efficient in achieving such objectives as maximi-
zing government revenue or total production.  Hence, risk sharing is a tool
to achieve other objectives, rather than an objective within itself.! The
theoretical context for this analysis is developed in this chapter and the
empirical results are outlined in Chapter VI.

In discussing alternative leasing systems, we will divide the possible
systems into two groups: l! those in which the cash bonus is the bid varia-
ble, and 2! those in which a contingency rate  royalty or profit share! is
the bid variable. This distinction is not. based on the share of contingency
payments in total economic rent or total government revenue; rather, it is
a classification of systems by bid variable.



Bonus Bid S stems: Before reviewing particular aspects of each leasing system
using the bonus payment as the bid variable, it will be helpful to postulate
a general theoretical structure of bonus bid information. It has been sug-
gested that cash bonus bidding insures that the most efficient firm wins the
bid because its costs are lower and hence the bid higher  Kaufman, 1970!.
However, an alternative hypothesis is that the firm with the most optimistic
expectations regarding recoverable reserves becomes the winning bidder because
of the significance of the expected reserve quantity in determining tract
value  Capen, et al., 1971!. In actuality, the winning bidder can be deter-
mined by the interplay of a number of factors such as the following:

1. Recoverable reserve expectations,

2. Future resource price expectations,

3. Production cost expectations,

4. The firm's time preference rate  discount rate!,

5. The firm's risk preference function  the extent to which true expec-
ted value is changed due to varying degrees of risk, and

6. The firm's expectations on delays or constraints caused by equipment
shortages, technical failure, and institutional problems such as environmental
protection regulations.

The first three factors are the most important exogenous inputs used in cal-
culating tract value. The discount rate  fourth factor! may vary among firms
because of differences in access to the capital market, differences in oppor-
tunity cost among firms, or because of differences in demand for the hydro-
carbons to be derived from the lease. Risk preference functions may vary
among firms due to firm size or for a number of other reasons. A firm's ex-
pectations of recoverable reserves, prices, costs, the time profile of pro-
duction, and other factors combine to produce a time stream of expected annual
costs and revenues. This stream is then discounted to the lease sale date

to determine the present value of the lease. In the competitive cash bonus
bidding system, the firm which, considering all of these factors, views the
prospect most favorably  highest value! becomes the winning bidder.

However, because of uncertainty in all of these factors, the actual
expected lease value is adjusted by firms in determining bonus bids  assuming
risk averse behavior!. The certainty of a firm's estimate of tract value
varies among tracts. For some tracts, reserves are known with some certainty
 e.g., some Gulf drainage tracts!, and for other tracts very little is known
about recoverable reserves  e.g., the Atlantic OCS! and the variance in the
reserve estimate is quite .Large. Varying degrees of uncertainty may also
exist in other variables at other points in time or under different explora-
tion and production conditions. The individual firm's response to varying
degrees of risk is determined by its risk preference function. Assuming
the firm is risk averse, it will tend to reduce its bids on riskier tracts
 relative to true value! to compensate for the higher uncertainty.

In addition to the adjustment for risk, an adjustment far potential
information bias must also be made. If the mean industry estimates and
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forecasts relating to the above factors are on average correct  or unbiased!,
the ~winnin bidder would frequently be one that overestimates the potential
value on a given tract. In other words, the winning bid would generally be
too high given the future realized tract value, and the industry rate of re-
turn on competitive leases too low. Even though the average industry esti-
mates may be unbiased, the estimate of the winning bidder would generally be
more optimistic than the industry average; hence, the estimates of the win-
ning bidders would tend to be biased. However, in the long run, if all bid-
ders are aware of this tendency, and reduce their bids accordingly, the ave-
rage winning bid would fall to the approximate mean expected tract value
 despite the fact that the winning bidder would frequently still be the one
that initially overestimates tract value!. With historical experience, firms
would learn how to adjust their bids to achieve this result. Any firm which
did not reduce its bids to account for its potential information bias would
achieve a lower rate of return and could eventually accumulate significant
losses.

In addition to the adjustment for risk and information bias, an adjust-
ment for the extent of anticipated competition must also be made. This ad-
justment involves game theory considerations with regard to the extent of
anticipated competition and an analysis of prior bidding experience.

For the mathematically inclined, it may he helpful
formation process symbolically. The anticipated annual
the difference between gross revenue and costs  Bt-Ct!.
function of the distribution of prices  P! and reserves
equation 5:

to represent the bid
net revenue stream is

Gross revenue is a

 R! as shown in

�! B = f P R!

C = g R,K,Z!

The present value  PV! of the anticipated revenue stream is a function of B
C , and the discount rate r  see equation ll! which may vary from firm to
f z.rm.

t'

Once the distribution of expected present value for the lease is deter-
mined, the adjustments described above take place to determine the bonus bid.
Conceptually, three separate adjustments could take place, although they pro-
bably would not occur that way in practice.  The steps are isolated here for
purposes of exposition only.!

The first adjustment is to compensate for risk  assuming risk averse
behavior!. Even if it is known with certainty that the mean expectation is
unbiased, risk averse behavior dictates that the value of the lease to the
risk averse bidder is not so great as the true mean expected value. Hence,
this bidder would reduce his bid, below the mean lease value, to "compensate
himself" for the risk he is bearing. The risk adjusted lease value, Vl, may
be expressed as a function of the parameters of the present value distribution

The anticipated annual cost stream is a function of the distribution of ex-
pected reserves, cost inputs  K!, and other factors  Z! as shown in equatio~ 6:
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 which is a function of the input distributions! as shown in equation 7:

V = h PV!�!

Secondly, the bidder would not likely bid his true mean expected value
of the lease because of information bias, which was discussed above. The
winning bidder is usually the one with the most optimistic view of the lease.
In other words, the winning bidder usually holds a more optimistic set of
expectations regarding the lease than other bidders and relative to actual
realizations. Hence, even if the bidder were risk neutral or risk loving,
he would reduce his bid because of this information bias. The extent of the

reduction may be postulated as a function of the risk adjusted value  Vl!
and some measure of historical experience  H! as shown in equation 8:

V2 = k V ,H! 8!

Finally, it has been shown that the expected number of competitors
plays an important role in bonus bid formation  Capen, et al., 1971! . The
competition  game theory! adjusted value  V3! would then be a function of
the information bias and risk adjusted value  V ! and the anticipated number
of competitors  N! as shown in equation 9:

V = m V ,N! 9!

While this factor is no doubt important, we will nnt deal with it in this
study. The game theory aspects of bidding are beyond the current scope of
this analysis'

Of course, any of these values could also be expressed as a function of
other variables, but the list was restricted for purposes of exposition. By
combining these expressions, the bonus bid  BB! can be expressed as a func-
tion of the above mentioned variable distributions:

BB ~ n P,K,R,Z,H,r,N!�0!

T B-C

PV= Z

t=l �+r!

V = a + 52 PV + u3  PV/S!�2!

For illustrative purposes it is interesting to look at hypothetical
linear forms of the above relationships. The following four equations illus-
trate such a set of simple relationships.



V=o+ct V+oH
2 4 5 1

�3!

�4! V =ct +uV+zN
3 7 8 2

where PV is the mean of the present value distribution; V, V, and V
are the means of the adjusted lease value distributions; and
N and H are the means of the number of competitors and historical experience
distributions, respectively. It is clear from this set of relationships, a
gross simplification of actual real world, that values for a number of para-
meters  nine in this case! would be needed to form bids in this manner. In
actual company decisions, the three value adjustments are probably combined
into one subjectively based judgement. Nonetheless, it is important to under-
stand the bases of the isolated adjustments when comparing alternative
leasing systems.

Commonly, one major basis for comparing alternative leasing systems is
the effect of risk reduction induced by alternative systems. However, in
this section we have noted that at least three major factors enter into the
process of bonus bid formation: 1! the impact of reducing the risk caused by
uncertainty in present value estimates of lease values, 2! the impact on bid-
ding behavior caused by information bias of the winning bidder, and 3! the
effect on the bonus bid of the anticipated number of competitors in the bid-
ding process. In some cases, it will be very difficult to isolate these
differential effects when comparing alternative systems; nonetheless, it is
important to retain the distinctions in order to better understand the bonus
formation process and its relationship to evaluating alternative systems.

The Current Cash Bonus System: As implied above, the winning bidder of a
tract is the one that makes the highest sealed bid. Heavy emphasis is
placed on the bonus bid relative to other potential systems. In other words,
a larger proportion of total government revenue would be expected to come

17 For a further discussion of the planning and administrative processes
now used, see Kash and White �973! and Kalter, et al., �974!.

It is clear that under the assumptions of perfect competition, perfect
foresight, perfect information, no tax distortions and perfect capital markets,
the present cash bonus leasing system would perform exceptionally well and
there would be no need to even examine alternative systems  because the cost
of the investigation and the administrative and transportation costs af
implementing alternatives would be greater than the benefits!. However, be-
cause of the very nature of the oil discovery process, the oil industry, and
the existing institutional structure, many of these assumptions are violated.
In the sections that follow, we will review the characteristics of alternative
systems and examine, theoretically, the potential effects of these systems in
light' of the bonus formation process described above.
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18
from bonus payments. Historically, the cash bonus system has been used with
a fixed royalty rate of 16.67 percent although the legal minimum is 12.5
percent. The use of a royalty payment in canjunction with the cash bonus
tends to partially alleviate private sector uncertainty in future prices and
to some extent in reserve size. However, only the effects of reserve size
uncertainty on revenues are partially alleviated; none of the cost uncertainty
is reduced. Costs are a function of reserve size  because of economies of
scale! as well as other factors, and all of the risk is born by the private
sector. Because of the relatively high degree of uncertainty regarding casts,
the risk adjustment for a cash bonus system might be quite significant.

Determining the effect of the information bias adjustment is nat straight-
forward. It has been argued that the rate of return on oil and natural gas
leases in the Gulf of Mexico is relatively low and that the law rate can be
at least partially explained by a failure to understand the importance of
information bias  Capen, et al., pp. 641-642! . In other words, bonus bids have
been "toa high" given the private sector target rate of return and expected
lease values. Since the bonus payment is relatively large for the current
cash bonus system, such "bidding errors" could indeed result in significantly
higher government revenue and a lower industry rate of return in offshore
areas. However, ance historical experience is gained in an area and for a
particular system, this "error" should be self correcting through the learning
process. In any case, the magnitude of the information bias adjustment for
the cash bonus system could be relatively large because the bonus payment it-
self is a relatively large component of total economic rent  and government
revenue!.

Higher Fixed Royalty: One system which has received some attention in the
past  Kalter, et al., 1974! is the possibility of utilizing a higher fixed
royalty rate  greater than the current 16.67 percent! with the existing bonus
system. Analysis of this system is quite similar to the current cash bonus
syste~ described above except that with higher royalty rates a greater portion
of the risk is shifted to the public sector. However, as in the current bonus
system, only price uncertainty and a portion of the reserve uncertainty is
affected by a royalty contingency payment.

There are two difficulties with the higher rate fixed royalty system.
First, there is a problem in setting the rate high enough to alleviate a sub-
stantial portion of the uncertainty without running a high risk of the rate
being too high to permit economic development of the lease. The rate must
obviously be set ex ante before much is known about the lease resources. If
the rate is set high anticipating substantial resources and it turns out that

18
From 1960 through ].974, bonus payments for federal OCS oil and gas

amounted to $14.5 billion and royalties amounted to $3.0 billion, undiscounted
 USDI, 1975, p. 106! . Of course, production for the leases issued during
these years will continue into the future and the amount of royalties will
increase. However, the royalty payments would need to be discounted to place
them on an equivalent basis with bonus payments. The point is that bonus
payments have been relatively large and quite important.
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a small quan. ity of resource is found on the tract, the rate could reduce
anticipated revenues to the point that the tract wouli not be developed.
This problem is due to the fact that royalty affects revenu s but not costs
as described above.

Second, a high fixed royalty can lead to the early termination of pro-
duction because unit revenues to the producer remain constant as unit costs
climb through time. Hence, s royalty rate may be satisfactory to initiate
production yet still cause less than an optimal quantity of resource to be
recovered. This argument assumes that there is no flexibility in the level
of initial capacity which is installed. Our previous analysis has indicated
that, to the extent installed capacity is variable on a given reservoir, this
second argument is of limited validity  Kalter, et al., 1974!. In such cases,
installed capacity would be reduced, production time horizons lengthened and
annual production profiles reduced.

Variable Royalty Rate System: A variable royalty rate system is one in which
the rate applicable during each period is dependent upon the production or
value of production during that period. A higher rate applies if production
is large and a lower rate for low levels of production. For example, the
levied royalty rate might range from a minimum of 12.5 percent to a maximum
of sixty percent depending on the production level achieved in each period.
This system has the theoretical advantage of offering greater flexibility
in setting the initial rate s! without running the risk of preventing th
tract from being developed as with th fixed royalty system. It also appears
to alleviate the problem of early termination of production because the
royalty rate falls as production declines. However, to the extent that in-
stalled capacity and the associated annual production rate is variable, a
variable royalty rate could provide an incentive for spreading out production
over a longer time period in order to achieve an effective overall lower
royalty payment. This hypothesis will be tested in Chapter VI.

Profit Share System with an IRS Income Base: Tne profit share systems de-
scribed in this section also make use of the cash bonus as a bid variable.

Because the profit share is taken on net income, uncertainty is reduced for
both costs and revenues. There are a number of ways to define net income and
hence a number of possible kinds of profit share systems. The amount of re-
duction in uncertainty depends on the definition of the income base.

One definition of net income called the IRS base is gross revenue minus
operating costs and depreciation. In essence, this definition is net opera-
ting revenue in each year w-'th an allowance for depreciation of capital in-
vestment. Using this definition, uncertainty in initial investment cost is
shared only to the extent that investment capital is recovered through depre-
ciation during the production period. This definition of net income allows
no return on capital before the profit share is taken. This and all other
profit share systems considered in this section make no allowance for loss
sharing in the event that no development takes place. Hence, although a
substantial portion of the uncertainty in future prices, reserve size, and
costs is alleviated given that development occurs, none of the uncertainty
associated with the possibility of no commercial find is alleviated. However,
if the size of the bonus payment is significantly reduced by any of these
systems, the cost of the remaining uncertainty should be relatively low.
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As with the higher fixed royalty rate system, there is a problem with
the IRS prof it share system in setting the rate ex ante. A rate high enough
to share a substantial portion of the risk may turn out to be too high to
permit profitable development on some leases. However, early termination of
production, which may exist with high rate fixed royalty systems, is not a
proble~ for profit share systems because costs are deducted before the profit
share is taken.

Annuity Capital Recovery Profit Share System: One system which allows for
greater risk sharing in initial investment cost is an annuity capital recovery
profit share system such as the one described in the "Outer Continental Shelf
Management Act of 1975"  S.521!. In this system, all of the capital invest-
ment plus interest to the time production begins is converted to an annuity
with a pre-specified interest rate and length of capital recovery period. The
amount of this annuity  plus any annuity carried forward from previous periods!
is subtracted from net operating profits in each production year to obtain the
profit share base. Once the investment capitaL is fully recovered, the
government profit share is taken from the net operating profit. Since this
profit share base approximates a true economic profit share including a return
to capital, the profit share rate can generally be set quite high. Hence, the
problem of no development occurring with a profit share rate set too high,
which occurs with the high fixed royalty and IRS profit share systems, is
substantially corrected with the annuity capital recovery profit share system.
However, the dry lease uncertainty still exists in this as in the other profit
share systems.

British Type Profit Share System: Another system which approximates a true
economic profit share plan including a return to capital is the British plan.
In this system, no profit share is taken by the government until some factor
times the total capital investment is recovered from net profits. For example,
if total capital investment is $100 million and the recovery factor is 1.75,
$175 million of net profits would be allowed before the government profit
share took effect. The return to capitaL is implicit in the capital recovery
factor which is multiplied by the initial investment cost. The economics of
this system are essentially the same as the annuity capital recovery system
described above, with the exception that the investment capital is recovered
earlier and over a shorter  variable! time period.

Indonesian Production Sharing System: In the Indonesian system, all capital
equipment  except leased or rented equipment! becomes the property of the
government, but a rental rate of up to ten percent per year is allowed to be
added. to operating cost. In each year operating costs may be counted against
the first forty percent of production, and if operating costs exceed this
amount, they may be carried forward. The profit share is taken from the re-
maining sixty percent of production. In other words, if the profit share rate
is seventy percent and production costs actuaLLy equal forty percent of pro-
duction, forty-two percent of total production would be turned over to the
government. This system should more properly be called a constrained profit
or a variable royalty system because total recoverable costs cannot exceed
the value of forty percent of production. In the above example, if costs
amounted to fifty percent of the value of production, the net profit for the
producer would be eight percent of the value of production  as opposed to
eighteen percent when costs equal forty percent of production!. If costs
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amounted to thirty percent of the value of production, the net profit take
for the producer would be twenty-one percent of the value of production with
forty-nine percent going to the government. In cases where the production
rate is very high  and consequently unit costs low!, the government increases
its share of the after capital recovery oil.

The Indonesian system would alleviate cost uncertainty to the extent
that total cost can be recovered from forty percent of the value of produc-
tion. As with the IRS profit share system, no prevision for a return on the
initial investment capital is included in the profit share basis. The return
to capital in this system is derived from the private sector's share of the
remaining profit oil.

Variable Profit Share: The variable profit share system works much as the
variable royalty rate systems except that the variation in prof it share rate
is normally expressed as a function of annual net profits rather than annual
production or its gross value.. The variable rate approach could be used with
auy of the profit share approaches described above. The advantage of a vari-
able rate is that there is more flexibility in setting the rate ex ante  be-
fore reserves and costs are known! than with the fixed rate systems. Of
course, to the extent that annual production rates and consequently profit
rates are variable on a dives reserve base, there nay be a tendency to stretch
out production in order to achieve a lower overall profit sharing rate. This
possibility will also be evaluated in Chapter Vld

Working Interest Systems: Another interesting bidding variant which is in-
cluded in the "Outer Continental Shelf Management Act of 1975"  S.521! is
the working interest system. This system is included with both profit share
and royalty options. Instead. of bidding for a total tract, interested
parties are allowed to bid for working interest shares. Winning bidders in-
clude that combination of bidders which sum to the highest total bid for all
the working interest in the area. In this program, it is envisaged that
leasing would be by large structural or stratigraphic traps rather than by
5,760 acre blocks. After the lease sale, the government would select an
operator who would be responsible for exploration aud development of the area
in coordination with the other bid winners'

Another variation in this system is that the government wauLd rebate one
half the exploration expenses from the pool of government revenue received as
bonus payments. One effect of thi,s provision could be that increased ex-
ploration activity would be likely to take place. Exploration activity
generally continues so long as the expected value of continued exploration
is greater than the expected value of terminating the exploration activity.
Under current tax law, the bonus payment plus all expenses on a lease can be
written off as tax losses if the lease is turned back to the government.
Therefore, the expected value of the lease with another exploratory well being
drilled must be greater than the tax loss, or potential tax loss, for each
incremental exploratory well drilled. Furthermore, as additional exploratory
wells are dri.lied the expected value of each incremental well reduces as the
probability of a major find diminishes. Hence, as additional exploratory
wells are drilLed, the value of the tax loss rises and the expected value of
the potential reserve find falls. The point at which these two values become
equal is the point beyond which no further exploration is optimal. However,
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if an exploration cost rebate of fifty percent is allowed, the cost of explo-
ration curve is shifted downward and increased exploration activity may be
warranted. Given the current tax laws, the major effect of an exploration
cost rebate may be to increase exploration activity over what it might be in
the current system.

Other than this impact, no other significant effect is anticipated.
Total government revenue would be largely unaffected because the exploration
cost rebate would be figured in the company's calculations in determining
their bonus bids and, thus, would be included in the government revenue in
one form or another. If exploration activity currently is sub-optimal, this
provision would have a desirable effect. To date, no analysis has been done
which examines the implications of the current tax law for the optimality of
exploration activity. To accoraplish this task, the discovery process would
have to be modeled and combined with an econoraic model which optimizes over

e through all the economic variables.

Other than this difference, the economics of a working interest system
are basically the same as the economics of a profit share or royalty system.
The cash bonus remains as the bid variable and the contingency rates function
essentially the same as in the systera previously described. The provision
for working interest merely means that raore than one owner is allowed and a
nuraber of winning bidders  instead of one! would be anticipated. Each bidder
would still have to evaluate the total prospects and express his bid as a
fraction of the estimated value for the total prospect.

However, there could be substantial differences in the bid determining
process used by companies in bid forraation. Because companies would be
allowed to bid a separate amount fax' each working interest fraction they
would be able to spread their bids to better reflect their ex ante distribu-
tion of prospect value. This behavior, in turn, would have an effect on
government revenue from the prospect. The bidding strategy and game theory
implications for the working interest system raay be quite significant, but
an analysis is beyond the scope of this study.

Work Program: Another system outlined in S.521 is called a work program.
Under this system the government selects a company to explore and develop a
region based on a work plan submitted by that corapany. Profit share and/or
royalty rates, as well as other fees, are negotiated between the government
and the selected company. This system will not be analyzed in this paper
nor explored in further detail. Little ex ante economic analysis can be
done when this type of system is employed. Although the systera is used in
several other countries, it is not likely that it will be used on a large
scale in the United States since it requires administrative selection of a
tract developer rather than .allocation through competitive bidding.

Ro alt and Profit Share Biddi S stems: All the above systems used the
cash bonus as the bid variable with either fixed contingency rates or a
pre-specified schedule for variable contingency rates. Alternatively, the
cash bonus payment may be fixed with the royalty or profit share rate be-
coming the bid variable. Royalty and profit share bidding systems are
not analyzed in this study, but are briefly outlined below.
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Royalty Bidding System: In a royalty bidding system, the bidding variable
becomes the royalty rate which is paid to the goverrmient. The analysis of
uncertainty transference is essentially the same as that outlined above for
royalty systems. Uncertainty in future prices and to a partial extent un-
certainty in reserve estimates is alleviated. However, as explained above,
all the uncertainty in future profitability is not accomodated by any type
of royalty system. In addition, a royalty bidding system may have the ten-
dency to encourage speculators to overbid in the hope that a larger than
expected amount of reserves could be found, or substantially higher prices
would materialize. This speculation could be encouraged because in royalty
bidding with a low fixed bonus very little front end load is required.
Speculation on a large discovery is possible at low cost to the private
bidder.

Profit Share Bidding: In principle, a profit share bid system has the same
drawback as the royalty bid system in that it tends to encourage speculations
However, because a profit share system inherently shares risk on both the
cost and revenue side, the tendency toward speculation in such a system may
be different than for royalty bid systems. The extent to which this is the
case would depend upon the profit share base being used. Although profit
share bidding has some attractive features, an in depth analysis of the
system is beyond the scope of this study.

Combinations: Obviously, many combinations of the above systems could be
utilized in designing a leasing approach for a given reservoir or tract pro-
posed for sale. For example, the fixed royalty rate could be used in com-
bination with the fixed profit share rate or in combination with the profit
share bidding system. A working interest system could be designed with
royalty and profit share components' Also, a royalty or profit share bid-
ding system could be designed with a high initial cash bonus requirement or
a high rental payment. Although the number of possible combinations is
large, they all evolve from the same basic economic principles. No attempt
will be made to outline all the possible combinations, because inferences
can be drawn on the combinations by evaluating the basic alternatives
described in this chapter.

~hummer : ln this chapter, we have discussed ,he implications for and out-
lined the principles involved in a number of alternative leasing policies
and systems. We began by reviewing the goals of the public leasing program
and specifying the context in which achievement .of these goals would be
evaluated. Assuming risk averse behavior on the part of the private sector
bidders, we then outlined some important aspects of the bonus bid formation
process.

This discussion of the bid formation process provided background for the
description and brief theoretical structure of alternative leasing systems
employing the cash bonus as bid variable. In this category, features of the
current cash bonus system, a higher fixed royalty rate, variable royalty
rate, IRS base profit share, annuity capital recovery profit share, British
type profit share, variable rate profit share, and working interest systems
were outlined and theoretical implications for risk sharing were introduced.
Contingency rate bidding systems were then briefly discussed although they
are not analyzed in this study.



It was seen that on a theoretical basis, very little risk is shared in
the current cash bonus system, a fraction of the risk shared with a higher
fixed ar variable royalty rate system, and a substantial portion af the de-
velopment risk is shared wi,th capital recovery profit share systems. Because
of a myriad of factors not yet evaluated, no definitive conclusions on
optimal leasing systems could be drawn based on purely theoretical evidence.
However, it does appear that, assuming risk averse behavior, one or more of
the contingency systems would be preferable to the currant cash bonus system.
This hypothesis will be tested and the alternative systems analyzed empiri-
cally in Chapter VI.



Chapter IV

A Generalized Resource Leasing Policy Evaluation Model

Regardless of the energy resource being considered, private sector re-
sponse to public energy leasing policies will normally follow a similar logic.
Assuming competitive lease sales and a profit maximization objective function
for the private sector, discount'ed cash flow techniques  appropriately con-
strained for public rules and market rigidities! can be used to simulate
these responses. This chapter provides the detailed specification and des-
cription of a model, incorporating these techniques, which can be used to
evaluate a number of policy questions pertaining to various energy resources
located on the public domain. This generalized leasing model incorporates
a number of factors important for public policy decisions into a framework of
private market behavior. Economic, geological and engineering considerations
relevant to private producer decision making are included so that the model
may be useful for quantitatively testing the effects of a wide range of public
policy alternatives. For example, the model is designed to determine the
impacts of a number of alternative federal policies aimed at reducing risk
for private sector resource development. A wide range of leasing policy al-
ternatives are also incorporated into the model so that it may be used to
analyze the effects of alternative leasing strategies.

This chapter is designed to provide readers with an in depth understand-
ing of how the model works. It is not written with reference to oil and
natural gas alone; rather, a generalized model description is retained which
can be applicable to any energy resource. Both the theoretical and mechanical
aspects are covered in great detail, in order that the reader will understand
not only the theoretical rationale behind the relationships modeled but also
will comprehend the means used to translate the theoretical structure into
actual equations and solution procedures.

Basic Coace ts: The model is designed to simulate the actions of the winning
bidder in competitive leasing situations. In general, it utilizes exogenously
supplied estimates of energy reserves on an individual or group of leaseholds,
along with estimates of the associated production costs  investment and opera-
ting! and market prices to determine the actions of a potential leasehold
developer which would maximize his after tax net present value. In so doing,
the model determines the production capacity to be installed on the leasehold
and the length of time that capacity is used for production. Uncertainty
with respect to the key variables supplied exogenously  reserves, production
costs and market prices! is incorporated via use of Monte Carlo simulation
techniques which are described subsequently. Net present value calculations
are carried out using discounted cash flow techniques with exogenously
supplied rates of return as discount rates.

Given this basic model logic, several approaches to model solution can
be used. The solution algorithm can be designed to handle installed capacity
 q ! as either a continuous value  one which can take on any value in arriving

0at an overall optimum solution! or as a lumpy value  one in which only pre-
specified capacities are permitted in model solution due to the type of pro-
duction equipment which must be installed!. This distinction, in large part,
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leads to the different model algorithms. In the former situation, equations
are specified which solve for and optimize installed capacity simultaneously
with other model outputs. In the latter, the discrete installed capacities
which are allowable are exogenously entered into the model and the optimal
capacity is determined. One advantage of this approach is that it permits
economies of scale with respect to installed capacity to be considered in
model solutions since unique cost relationships can be entered with each
capacity examined.19

Figures 9 and 10 are flow diagrams for the two alternative solution algo-
rithms. Both approaches have been programmed for model execution. The model
description will follow these two flow diagrams and will separately describe
the solution algorithm with continuous q and with exogenous q input. It

0may be helpful for the reader to refer back and forth between these two flow
diagrams and the text. Ta make the description easier to follow, a list of
all model input variables with the associated computer code, the symbol used
in this description, and a brief definition is provided in Table 10. All
symbols in the text and future references to variable names will refer to the
variable definitions in Table 10.

After the variables are read in and stored if necessary, the first step
in the model solution is to run completely through the model once using mean
values for all input variables. This step determines the after tax net
present value  ATNPV! if all mean values are used and converts that value into
a bonus bid payment. to be used in subsequent calculations.20 This conversion
is assumed to be linear according to equation 15:

�5! BONUS = B + B . ATNPV
o 1

21
where B and B are the input values BCON and BFAC, respectively.

0

The Ex loration Phase of Kesource Develo ment: The next step in the model
solution is to determine the exploration cost for the lease tract or area in
question. For example, gross oil exploration costs  EC! are a function of
the number of wells to be drilled per acre, the number of acres in the tract,

19 However, economies of scale with respect to reserve size can be used
under both approaches.

20
The amount of the bonus bid is necessary for use in the tax calcula-

tions. The use of mean input values to calculate the bonus serves to approxi-
mate the actual value. This can then be used in subsequent calculations where
uncertainty is considered. Optionally, the bonus may also be recalculated
after any number of Monte Carlo iterations for use in subsequent iterations.

21
If B and B are set equal to 0 and 1, respectively, the bonus will

equal ATNPV. The values of B and Bl depend on the bidder's risk preference
0

func tion.
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Symbol Computer Code Definition

P N A
r a

R e z

T P

RPO

RLAMB

RN

RALPHA

OMEGA

RR

X I!
RCAP

RTHETA

RZ

RPH!

RI

LT

6

Pl
RBETA

RP1MN

BFACBl

BC tN

ST

IBP

AGFAC

B

AGFAC

GPglGP
0

QO
RBQ
RKO

LAG

<o
b

K

L

YZ

RENT

BPP

RENT

hi

Table 10.� Some Input Variables for the Generalized Leasing Model

Initial Price for the Resource
Royalty Rate  X!
Depreciation Period  years!
Investment Salvageable  X!
Investment Tax Credit Rate  X!
Discount Rate  X!
Production Decline Rate  X!
Reserves  if Monte Carlo not used!
Annual Change in Operating Cost  X!
Depletion Rate  X!
Tax Rate  X!
Interest Rate for Capital Recovery  X!
Maximum Physical Lifetime for Investment

 Years!
Geo logic P ar amet er  Oi 1!
Mean of Normal Distribution of Annual

Change in Price
Factor Used to Adjust ATNPV to Determine

Bonus

Constant Used to Adjust ATNPV to Determine
Bonus

Rate for State Severance Tax  on Gross
Value!

Length of Production Build-up Period
Factor for Determing the Amount of

Associated Gas  or any second resource!
Initial Price for Gas  or any second

resource!
Mean of Reserve Distribution

Length of Time the Initial Production
Level is Used

Installed Capacity  Annual!
Cost per Unit of Installed Capacity
Operating Cost per Unit
Investment Lag � Construction Period

 Years!
Proportion of Investment Expended in

Each Lag Year  vector of L dimension!
Proportion of Yearly Investment vhich is

tangible  Oil!
Annual Rent per Acre
Factor Applied to Capacity to Determine

Production During IBP
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and the cost per well.

EC = Wells/acres x acres x dollars/well�6!

In addition to calculating the net expenses of exploration, the potential
tax write-off available to the company if the lease is not developed is also
calculated. This potential tax write-off is the bonus payment plus the book
value of depreciable exploration expenses multiplied by the tax rate. The
value is used later in the program to compare with the potential present value
of the lease if developed to decide whether or not it is advantageous to de-
velop the lease.

For resources such as coal or oil shale, the same principles are involved
in determining exploration expenses and potential tax write-offs, but the
functional relationships used in determining exploration costs would differ.

Uncertaint and the Monte Carlo Anal sis: For policy analysis, it is impor-
tant to determine the potential effects on private decisions of uncertainty
with respect to future prices, production costs, and reserves. Using the mean
 average! values of probability distributions is inadequate for this analysis
because only outputs resulting from these mean values are produced' No
measure af the spread  variance! of potential outcomes is obtained, In other
words, in the absence of some type of simulation, no measure of the potential
riskiness of the final outcome is derived  and of course, the probability of
the expected mean actually occurring is zero!. For policy purposes, it is
desirable to learn not only how the mean output values are affected by various
policy options but also how the variance or range of the outcomes is changed.

For example, suppose two policy options have ident'ical effects on the
means of relevant policy ob]ectives  model outputs!, have identical costs  in
whatever terms cost is measured!, but have differential effects on the ex-
pected outcome variances. Naturally, the policy maker would want to incor-
porate the variance in his policy decision. In every case the variance or
range of possible outcomes is a piece of information which is valuable to the
decision maker attempting to influence private market behavior.

Monte Carlo simulation is one technique for handling the problem of un-
certainty in input values and to estimate the variance in potential outcomes.
Rather than using point estimates of uncertain input variables, an assumed
probability distribution is provided from which samples are taken to be used
as inputs for the analysis. The process of sampling each variable from its
unique probability distribution and performing the model calculation is re-
peated many times to produce a range of model output values. A frequency
distribution of these output values can be derived and the mean and variance
of the expected outcomes determined. In performing this type of simulation
we replace the unknown actual population of future prices, costs and reserves
by an assumed probability distribution from which samples are drawn. By
sampling many times it is possible to generate many possible combinations of
prices, costs and reserves that together produce outcomes, each in the
appropriate proportion  King, p. 303!.

This amount is adjusted by deducting tax savings from expensed investment and
other tax deductions, and adding rental payments during the exploratory period.
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Any type of probability distribution may theoretically be specified for
the uncertain variables. Figures 11, 12t 13 and 14 depict the normal, trian-
gular, uniform and lognormal distributions, respectively. The uncertain
variables used in this model and the type of distribution which is used for
each variable are listed below.

DistributionVariable

Annual price change

Investment cost contingency factor

Operating cost contingency factor

Presence or absence of resources  Bernouli!

Amount of reserves

Normal

Triangular

Triangular

Uniform

Lognormal or normal

The rationale behind the selection of these distributions is provided in the
discussion of the uncertain variables which follows.

Future Resource Prices: Uncertainty in future resource prices is handled by
randomly selecting the annual change in price each year from a normal distri-
bution with a specified mean and variance. This vector of sample annual price
changes together with the initial resource price, P t is used to create ao t
vector of initial prices for each year of potential lease duration. Equation
17 illustrates this process.

Po  t+1! = Po  t! e 1�7!

Po  t! is the initial resource price in year t, Pl t! is the rate of change in
price during year t  from the vector of price change samples!, and P  t+1! is
the initial resource price in year  t+1!. This vector of initial prices for
each year and the vector of price changes during each year are used in the
model computations to determine gross revenue for each year of production.
Since this procedure is repeated independently for each Monte Carlo iteration,
a separate price distribution emerges for each year of the production period.
Because the annual price change has a compound effect upon the initial price,
the mean and y~riance of these annual price distributions could also change
through time.

The price change used is assumed to be the expected price change in excess
of general inflation. It is not the total expected change in price of the
resource', rather, it is the difference between the expected change in price

22

The resulting annual price distributions can be truncated and possibly
skewed. For example, if policy options involving price support levels are
simu1ated or minimum prices are used, the support levels may be high enough
to affect prices, truncate the lower end of the price distribution and, implic-
itly, the price change distributi.on.
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mean

Figure 11.� Normal Distribution Used for Annual Price Change and Reserves

Most 1ikely va1ue

Figure 12. � Triangular Distribution

min

value

max
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Dry Lease
Risk Factor

Figure 13.--Uniform T!istribution

mode mean

median

Figure 14.--Lognormal Distribution



of the resource and the expected general rate of inflation, This same
principle applies to i~vestment and operating cost factors. Thus, the
relative inflation rate between revenues expected from the resource and cost
to obtain the resource is a derivative of the inputs to the model. Because
both cost and revenue inflation factors are keyed to general inflation,
relative inflation between costs and revenues for a particular investment
can be automatically accounted for using this procedure.

Investment Cost Contingency Factor: Investment costs are uncertain for at
least three reasons, and a cost contingency factor is used to incorporate
this uncertai.nty into the model. The contingency factor is a percentage of
the estimated investment cost and is selected from a triangular distribution
with an input minimum, maximum and most likely value.

One of the most important reasons for a contingency factor in investment
cost is that inflation in construction costs in recent years has taken place
at a rate higher than the rate of general inflation. Although this experience
will not necessarily continue, it is uncertain what the rate will be over the
next decade. Since the construction and start-up period for an energy extrac-
tion faci1ity may be five years or more, the rate of inflation can have a
significant effect on total construction costs, Second, investment costs may be
uncertain because technology for extracting and refining some resources is
relative1y new. For example, sub � sea completions required in some offshore
areas represent a new technology. Unforeseen engineering and technical pro-
blems could raise such investment costs substantially. A third reason for an
investment cost contingency factor is that the length of the development and
construction period required for facilities of the type and scale required
may not be known with certainty. Changes in the assumed period will have a
significant impact on the present value of investment costs.

As is evident from the discussion of these factors, the distribution of
investment cost uncertainty tends to be one-sided. In other words, the risk
is mainly on the high side, so the contingency factor distribution would be
expected to be skewed in that direction.

Operating Cost Contingency Factor: The two factors affecting annual operating
costs in the model are 9, the annual increase in cost per unit, and K , the0
initial operating cost per unit. For purposes of analysis, 9 is assumed to be
known and constant throughout the production period, and a triangular distri-
bution of K values is utilized. Uncertainty in initial operating cost arises

0from the same sources as for investment cost  future relative inflation and
unforeseen technological difficulties! plus uncertainty in the future cost of
environmental protection. Since future government regulations are unknown
or are subject to modification, it is difficult to forecast the environmental
control costs which must be borne by the private sector. However, once
production has begun with technological problems solved and environmental
control equipment in place, future changes in operating cost should be subject
to less uncertainty. Therefore, the initial operating cost, K , was assumed0
to be uncertain with risk mainly on the high side.

In addition to the factors K and 9, unit operating costs are also
0affected by the rate of decline in production. Since total operating costs
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are determined by the factors described above, unit operating costs rise as
production falls. This point is discussed further at a later point in the
text.

Presence or Absence af Resources: This variable is particularly relevant for
oil and natural gas production. When some quantity of resource is known with
certainty ta be present, the variable may be set to zero, and the model then
assu~es resources are always present on the lease area. When the variable is
operative, a random number generator is used to generate a random number
between zero and one fram a uniform distribution. This random number is then

compared with the dry lease risk factor to determine if resources are present
for this iteration. If the random number is greater than or equal to the dry
lease risk factor, then resources are assuaged to be present and the model
computations continue. For example, if the random number generated were .13
and the dry lease risk factor .10, then resources would be present for this
iteration. Clearly, if the dry lease risk factor is set at zero, then all
random numbers between zero and one will be greater than or equal to the dry
lease risk factor and resources will always be present.

Amount of Reserves: For same resources such as oil and natural gas, the
greatest source of uncertainty is the amount of reserves present on a lease-
hold. For almost all resources some degree of uncertainty about the total
quantity of resources in place exists.

Relating to petroleum exploration, a number of researchers have found
that the lognormal distribution provides a good fit for experimental data on
the size of petroleum deposits  Uhler and Bradley; Miller, et al.; Kaufman,
1963! ~ Therefore, the lognormal distribution is used for the size distribu-
tion of petroleum resources and in other situations where deemed appropriate.

For resources which are not distributed lognormally, the normal distri-
bution may be used in the simulation program. In either case, the mean and
standard deviation and distribution desired are model inputs.

The Model Descri tian with Monte Carlo Simulation. Once the Monte Carlo
simulation begins, each of the procedures is repeated for each iteration of
the simulation. In other words, if 200 Monte Carlo iterations are specified,
all of the steps from this point on are repeated 200 times. The results of
each iteration are stored and used to calculate the mean and other statistics
on output variables.

The first step in the Monte Carlo simulation is to determine if there
are any resources present an the lease. The chance of the lease having no
resources is an input variable, DTRSK. A random number is selected from a
uniform distribution and compared with this factor to determine if resources
are present for each iteration, as explained above. If no resources are
present, the loss incurred from exploration is entered into the after tax
net present value factor  ATNPV! and used in calculating the expected present
value of the lease over all iterations. The iteration is terminated and a
new iteration is begun.

If resources are found on the tract, the next step in the process is to
make a random selection of factors ta be used in determining total investment
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and operating costs. A choice of three methods is allowed in making this
selection of factors. First, the investment and operating cost input values
may be used without any random component added. In this case, the random
selection process is bypassed. Alternatively, a cost adjustment factor may
be selected from the triangular cost distributions supplied for both invest-
ment and operating costs. For both, the minimum adjustment factor, the most
likely adjustment factor and the maximum adjustment factor are inputs deter-
mining the shape of the triangular density function. For example, the cost
factor could range from 0 to .2 with a most likely value .l. In this case an
equilateral triangular density function would be employed. Either the mean
of the triangular distribution or a random selection from that distribution
may be used to determine the actual adjustment factor. The adjustment factor
is then multiplied by the base cost with the result being added to the base
cost. In essence, the random cost component which results from the adjust-
ment factor is a contingency. The actual amount of the contingency may be
zero  if the base value is used!, equal to the mean of the triangular
distribution, or randomly selected from the distribution. Normally, the
random selection method would be used because contingency is considered a
random component of total cost. Hence, the random selection method is con-
sidered to better reflect actual operating conditions.

The next two steps in the model simulation vary depending upon whether
installed capacity is an input vector or determined within the model. Tf
installed capacity is internally determined, the random factors for invest-
ment and operating costs are immediately used to determine the investment and
operating cost values which will be used for each installed capacity. If
installed capacity is an input, associated investment and operating cost
values are also input. The same random factor is applied to each of the
investment and operating cost values for each installed capacity to determine
a unique set of cost values. In other words, there is a fundamental differ-
ence between the two versions of the model in that economies of scale with
respect to installed capacity are permitted if installed capacity is input
to the model, but are not perrrritted if installed capacity is solved for
within the model. However, economies of scale with respect to reserve size
are permitted under both approaches. Once investment and operating costs are
calculated, an investment subsidy may be subtracted if one is used for pur-
poses of policy analysis.

If installed capacity is an input vector to the model, each capacity to-
gether with reserves and other input variables is used to determine the maxi-
mum production time horizon which can be used given the installed capacity
and the amount of reserves. On the other hand, if installed capacity is
solved within the model, a time horizon and the corresponding  maximum! in-
stalled capacity is determined internally. Since each of these procedures
represent a different solution to the same basic structural relationship, we
will develop that relatiohship carefully and explain the correlation between
the two procedures.

Economic, Engineering and Geologic Relationships' .We begin with the simple
depiction of the relationship between reserves and production. Reserve esti-
mates enter the calculus of profitability both as a basis for the investment
and as a constraint on the production from an investment. The production con-
straint is represented in equation �8!:
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T

xR > Z qq t!
t.=l

where R represents the amount of the resources in place, x the recoverable
fraction with a given technology, qq t! the amount of annual production, and
T, the production time horizon. This equation merely states that the sum of
production through time can be no greater than the recoverable portion of the
reserves in place  with a given technology! ~ Given this constraint, the
producer attempts to select an initial plant capacity which will maximize
his return through time. In other words, the producer attempts to select
the investment which maximizes his after tax net present value of revenue
subject to the production constraint.

Assume for the moment that production declines exponentially through
time. Annual production may then be expressed as a function of initial
installed capacity as in equation �9!'.

qq t! = q o!,e dt
i 1 i�9!

where q o!. represents initial installed capacity of the ith plant which isi
one of a group of possible initial capacities.>4 While this simple relation-
ship between installed capacity and annual production may be adequate for oil
resources after a period of time, it is not adequate for other resources or
for oil resources during the early production phase. A typical resource pro-
duction pattern includes a production build-up period during which production
is increasing each year as installed capacity is coming on stream followed by
a flat production period which continues indefinitely or is followed by a
declining production period as shown in Figure 15. When a production build-
up or flat production period is used, q o! = qq t! during the years through F.
Under this scenario, total production during the lease life is given by
equation �0!:

24
For some resources, the value af the production decline rate, a, may be

set equal to zero. In that case annual production, qq t! , becomes equal to
initial installed capacity q o!- throughaut the production period.

23
In this text the variable t is used in two ways. When discrete values or

summation is implied as in equation  tg], t represents a time ~eriod; i.e.,
one year. When t is used in an integral form, it represents a paint in
 continuous! time as in the right side of equation �9!. Equation �9! should
be interpreted as the amount of production in year t  left side! is equal to
the integral of production from the beginning of the year  point t-1! to the
end of the year  point t!. The discrete time period values are inde~ed to
begin with period 1, and the continuous time value begins at point 0. This
somewhat unconventional notation was selected to simplify exposition of the
model equations which involve both discrete and continuous summation and
discounting.
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Figure 15. � Production Profile Through Tibiae
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T-F
B

PROD = q o! . ~ Z h. + q o! .  F-B! + q o! e dt
i i i

o

�0!

where the build-up period is the period between year one and year B, the flat
production period is between year B and year F, and the declining production
period  perhaps at a zero rate! is the period from F to T; T being the pro-
duction life of the lease as determined below.25 Equation �0! gives the sum
of production during each of the three phases of production. Production dur-
ing the build-up period is equal to the sum over the build-up period of the
annual factors h~ times installed capacity; production during the flat period
is simply the number of years in which production is constant times installed
capacity; and production during the decline period is equal to the integral
over the number of years production is declining.

Recalling from equation �8! that total production must be less than or
equal to recoverable reserves, we may now combine equations �8! and �0! to
yield the relationship between recoverable resources and installed capacity:

T-F
B

�1! xR � Bq o! e > q o! .. Z h. + q o! ~  F-B! + q o! e dt
1 j

0

The 5 parameter is a geologic variable applicable to oil which relates total
recovery to the rate of recovery.  The faster the oil is produced, the lower
is total recovery.! For resources such as coal and oil shale or any resource
other than petroleum, the geologic factor 9 may be set equal to zero. Tn that
case, recoverable reserves, xR, is greater than or equal to production as
defined in equation �0! .

By assuming that recoverable reserves are exhausted, we may change equa-
tion �1! from an inequality to an equality and salve for either q or T.
Equation �2! represents the solution of equation �1! for T which is used in
the case of input q

0

�2! T ~ ln I 1 + a -xR/q + 5e + Zh + F -B! 1 /-a + F
0 i

25
The integral for the decline period goes from zero to T-F rather than

F to T because this integral properly measures the sum of production over the
decline period.

26
The notation, q o! ., is here changed to q representing one potential

iinvestment, but the reader should be aware that Phe optimization process to
be used covers all available investment opportunities.

Equation �3! represents the solution to equation �1! when installed capacity,
q, is solved within the model:

0
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axR

[1 + a 8e + Zh + F � B!-e ]
i

�3!

Equations �2! and �3! are derived by integrating equation �1! and solving
algebraically.

The first constraint is simply expressed as an exogenously determined
constant:

�4! T<T
P

where T equals the maximum physical lifetime of the investment. The second
constraint is the limit obtained when marginal cost equals marginal revenue.
Equation �5! states that the economic limit occurs when operating costs plus
taxes exceed or equal revenue minus royalties and severance taxes:28

� � X � !P 1   K. ' + [�-X P
0 0 0

� y!PPl  t+L!K[ 8+a! t-aF]
0 0

27
This does not necessarily mean that the energy resource on the lease-

hold has been exhausted. As a result, the winning bidder may want to reinvest
in order to continue production until the point where resource exhaustion
takes place. Whether such investment will, in fact, occur depends upon eco-
nomic considerations present at that point in time. The extent of the remain-
ing resource will play a substantial role in this decision. The model can be
modified to incorporate this later investment decision if it is assumed
important  in a present value sense! for initial bidding behavior.

28
Since total operating costs increase by the value 6 through time, but

remain constant in any time period regardless of the decline rate, unit costs
increase at an exponential rate through time. This phenomenon can be due to
equipment obsolescence, logistical problems with production and/or increased.
maintenance costs and relative inflation.  Arps; Davidson; U.S. Department
of the Interior Officials!. Xn notation form, total operating costs in any
time, t, are expressed as q K e . Thus, unit costs become:et

o 0

Given that q and T have been determined either by input or within the
model, the producPion time horizon, T, must be subjected to two constraints
before it can be employed. These constraints are the physical and economic
lifetimes of the proposed investment. The production time horizon for a
given investment can be no greater than the actual physical lifetime of the
initial plant.>> Nor can the production time horizon exceed the time at which
variable unit cost of producing the product exceeds the revenues per unit ob-
tained from marketing it. In other words, when the steadily increasing unit
costs of production  assuming a rising MC curve! exceed the revenues per unit
of production, production would cease.
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Solving equation �5! for the time constraint yields:

 I-$! K
0  ln [   I !+~ !   l ~ !P ] ! aF � PlL /  P 1 � 9 � a!

0

�6!

Note that this equation may be negative or undefined when the rate of change
in price is greater than or equal to the decline rate plus the rate of change
in unit operating cost  Pl > 9 + a!. The negative sign occurs because the
marginal revenue-marginal cost curve intersection is in the negative quadrant
to the left of the origin as shown in Figure 16. The correct interpretation
for this negative sign is that the economic time constraint is infinite.

We now have each of the equations and relationships necessary to deter-
mine the production time horizon. The production time horizon is that T
determined in the model either by equation �2! or through the q , T optimi-
zation procedure, subject to the physical and economic lifetime constraints
given by equations �4! and �6!. Hence, the production time horizon is the
minimum of the resource exhaustion time period, the time period for the
physical life of the plant, or the economic production time constraint.
Mechanically, these equations differ slightly depending on whether installed
capacity is input or determined by the model as explained above and as out-
lined in Figures 9 and 10.

For the first q , T set to be evaluated in each Monte Carlo iteration,
0

the next step is to create a vector of prices covering each year in the pro-
duction period. The first step in this process is to create a vector of
annual price change covering at least the period from the time of the lease
sale to the end of production. This vector may be created by randomly sam-
pling from a normal distribution of price change with an input mean and stan-
dard deviation as explained above. Alternatively, the mean annual price
change may be used for each year in the vector.

Gt -a t-F! [ 9+a!t-aF]qKe /qe =Ke
0 o 0 0

The denominator of this fraction is derived from the last: term of equation
�l!-

If desired, more than one price change distribution may be used in gene-
rating the price change vector. The model allows for as many as four unique
price change distributions to be input for up to four specified time periods.
For example, price could be expected to rise at an annual rate of eight per-
cent for three years, fall at a rate of three percent for six years, remain
relatively constant for eight years, and then rise at a rate of four percent
through the end of production. Each of the expected price change values
would have a unique variance, so that the variance as well as the expected
value of annual price change can differ through time. The price change vector
is created by utilizing the appropriate distribution for each year in the
vector.
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The next step is to create a vector of prices from the lease time until
the end of production using the initial input price P along with the vector
af price changes. The vector is created by multiplying the price at the be-
ginning of each year by the exponential price change during that year to pet
the price at the beginning of the next year  see equation 17!. This process
is repeated until prices have been generated for each year until the end of
production.

For computational purposes, only prices during the production period are
relevant; prices during the construction and development period are not
needed for the analysis. The price vector must, therefore, be truncated by
the length of the development period  lag! and reindexed. In other words, a
new price vector which begins with the initiation of production must be
created from the original price vector which begins at the point of the lease
sale. Correspondingly the vector of annual change in price must also be
reindexed by this same amount. Once this is accomplished, the vectors of
price and price change correspond to the years of production.

L

PVI = Z  q b ~f. + KX !/�+r!
o i i

i=1

�7!

where PVI represents the present value of investment, fi the factor used to
determine the proportion of investment in each year of the lag, and EXI the
exploration expense during each year of the lag. The values for total annual
investment are then used to calculate depreciation streams for both the lag
and production periods; and to calculate expensed investment and the invest-
ment tax credit.

The model allows any of the following forms of depreciation ta be used:

1. No depreciation

2. Sum of years' digits  SYD! depreciation with input depreciatian
lifetime  N!

3. Double declining balance  DDB! with automatic conversion to
straight line  SL! at the appropriate time � using input
depreciation lifetime

The next step is to calculate the investment for each year of the con-
struction and development lag and the discounted value of total capital in-
vestment. Total capital investment is determined by multiplying installed
capacity, qa, by the investment cost per unit of installed capacity, b, as
determined in the cost estimation procedure for each resource. To determine
the discounted value of total investment, the total investment figure must
be multiplied by the percentage of total investment occurring in each year of
the development period and the resulting investment value for each year dis-
counted back to the beginning of the lease. Both development costs and ex-
ploration costs for each year are suned together and discounted back to the
beginning of the lease. In functional farm this relationship is expressed in
equation �7!:
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4. Straight line using input depreciation lifetime

5. Asset depreciation at the same rate as the resource is depleted
 annual production/total production! � using the production
horizon as depreciation lifetime

6. SYD with the production horizon as N

7. SL with the production horizon as N

8. DDB with the production horizon as N

Tax savings during the exploration and development periods result from
expensed  intangible! investment  EXXINV and EXINV!, rental payments during
exploration  RENT!, and the investment tax credit  IVTC!  at the beginning of
production!. Equation �8! gives the tax savings during exploration  EXTXSV!
and equation �9! computes the total tax savings before production commences.

EXTXSV  j!  RENT + EXXINV!

TAXSAV = ] EXINV! + EXTXSV + IVTC

�8!

�9!

Depreciation  DP!, EXTXSV and TAXSAV are discounted to the beginning af the
lease.

Working capital is then calculated as a function of the first year' s
operating cost. Once this calculation is complete, the model then enters
the production loop. In this loop, annual and total production, gross reve-
nue, operating cost, royalty, severance tax, depletion, and profit share are
calculated. Because many af the equations are in integral form, yet many of
the values are needed an an annual basis, integral solutions are obtained
over each year of production and then summed over the production period. Por
example, production is obtained fram point zero ta the end of year one and
then fram the beginning of year two to the end of year two and sa on through
the beginning of the last year of production ta the end of the last year af
production. These values are then summed ta determine total production. In
this way both annual and total values can be obtained for variables such as
production, profit share, and royalty; and continuous discounting is main-
tained for variables such as gross revenue and operating cost.

The methods used to determine annual production in each year of the pro-
duction period are described in detail abave. In addition to calculating
production for the basic resource, production is also calculated for any
associated resource such as associated gas with petroleum production. The
ratio of production between the major resource and the secondary resource
is assumed to be a constant factor. In other words, to determine the
production of associated natural gas in each period, the production of oil

According to IRS regulations, capital investment cannot be depreciated until
it is placed in service. Therefore, all tangible investment during the
development period is depreciated beginning with the first year of production.
'The annual depreciation values are used in profit share calculations and dis-
counted back to the beginning of the lease.
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is multiplied by the factor  AGFAC! to determine the production of natural
gas. In the equations that follow the annual production of the major resource
will be denoted by qt and production of the secondary resource will be de-
noted gt.

A number of equations are used in calculating the economic variables for
each year of the production period. So that this process may be clearly under-
stood, the equation for gross revenue is presented below in two forms:

1. The integral form divided into annual periods.

2. The computational form used in the model.

For simplicity of exposition, the values of F and B are assumed equal to zero.
Hence, equations �0! and �1! represent the two f!rms of the gross revenue
equation during the period of production decline:

T
1 1

GR= qP Jeldt+gGP J e ldtlpt GP t
t 't tJ

0 0
�O!

�1!

Note that the annual values calculated in equation �1! are discounted to the
beginning of the production period. Calculation of annual operating cost  OC!
proceeds in the same manner as shown in equations �2! and �3!:

t
-rt

8 de8td
t-1

�2!

,et e t-l!!le rt -r t-1!
0 JL -r

�3!

As is clear from equations �2! and �3!, operating cost throughout the life
of an investment is assumed to be dependent upon the initial installed capacity.
The marginal cost of extracting the secondary resource is assumed to be zero,
or included in the cost of extracting the primary resource.

29Actually Pl and GPl are also time indexed variables as explained above,
but they are written here in unindexed form for clarity of exposition. Pt and
GPt represent prices at the beginning of year t, and qt and gt represent
production during year t.

T

OC= qK

T

QC = q Ko

t
� zC
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�4! PSB = �-X � s!tP .q + GP .g � OC � DP � RENT � BDP ]
t t

To determine before tax net present value  BTNPV!, the difference be-
tween gross revenue and operating cost is discounted to the beginning of the
lease and the discounted values of royalty, capital investment, profit share,
and severance tax are subtracted. For resources for which depletion is still
allowed, depletion is calculated as the present value of gross revenue minus
the present value of bonus depletion  BDF! multiplied by one ~inus the royalty
rate  A!; that quantity multiplied by the depletion rate  z! as illustrated
in equation �5!:

DPL = z . �-~!  GR-BDP! / l+r!
L

�5!

Taxable income is the present value of investment plus before tax net present
value minus the present value of depreciation during production minus the
present value of bonus depletion as shown in equation �6!:

�6! TXINC BTNPV + PVI � DP � BDP � DPL

The present value of taxes paid is simply the taxable income multiplied
by the tax rate minus the tax savings during the development period. A check
is included in the model to eliminate the possiblilty of negative taxes. The
implication of this constraint is that companies are not allowed to calculate
investment profitability for any particular investment based on excess tax
write-offs to be obtained from that investment. Excess tax write-offs are
allowed in the simulation program when development does not. occur, but excess
write-offs are not allowed ex ante as a basis for calculating investment
profitability when development does occur.

After tax net present value  ATNPV! is simply the difference between
before tax net present value and present value of taxes paid plus the present
value of the original investment at the end of production as shown in
equ at ion � 7!:

ATNPV ~ BTNPV � TAX +  SALVG + w! / l+r!
T

�7!

where SALVG represents salvage and w, working capital. The after tax net
present value calculated as described above represents the net worth of the

30 A check is provided in the program to make sure that depletion is no
greater than one-half of the net income before depletion as stipulated in
IRS regulations.

According to IRS regulations, the bonus payment may be depleted  depre-
ciated! in proportion to the depletion of reserves held. Accordingly, the
proportion of total production produced in each year is multiplied by the ori-
ginal bonus and discounted to calculate the present value of bonus depletion.
The annual values of gross revenue and cost, depreciation  DPt!, rent, and
bonus depletion  BDPt! are used to calculate the annual profit share base
 PSB! as shown in equation �4!:
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lease. It also represents the residual economic rent to the resource. The
relevance of this variable to better decisions and government policy is dis-
cussed in more detail below.

Once the after tax net present value is determined for a particular q
0other output variables associated with that ATNPV are stared. The model

then checks to determine if all qo or T values have been evaluated. If not
the model returns to the beginning of the q -T loop and repeats the procedure

0outlined above. If all possible T values or all input q values have been
0evaluated, the model then proceeds to select the optimal q -T combination

0for this Monte Carlo iteration. The optimal set is the one with the highest
ATNPV. This optimal ATNPV is then compared with the potential tax write-off
calculated earlier during the exploration phase. If the ATNPV is greater
than the potential tax write-off the optimal ATNPV value is stored as the
result for this iteration. If the potential tax write-off from not develop
ing the lease is greater than the potential gain from developing the lease
 ATNPV!, the decision is made not to develop the lease and the exploration
loss is entered into the after tax net present value register. A zero is
entered into the register for other output variables such as production, pro-
duction time horizon, profit share, royalty, and tax. This result corresponds
to the real world situation in which some quantity of resource is discovered
during the exploration phase but the economics dictate that the quantity is
so small that it is not commercial and the lease is not developed.

Monte Carlo Results and Model Outputs: With the final values of all output
variables determined for this Monte Carlo iteration, the model then checks to
see if all Monte Carlo iterations specified have been completed. If not, the
model returns to the beginning of the Monte Carlo simulation and repeats the
entire process. If all the Monte Carlo iterations have been completed, then
the mean, standard deviation, and other statistics on each output variable
are calculated. If desired, histograms can be constructed for after tax net
present value  ATNPV! and reserves. The hlstograms illustrate the distribu-
tion of output for these two variables. The distribution of after tax net
present value provides the range of potential outcomes and the frequency with
which each outcome occurs.

In the above described model, economic rent is composed of royalty and
profit share payments, tax payments, and the after tax net present value
 ATNPV!. These rent components can be manipulated in the model to determine
expected bidding behavior and associated impacts for various leasing policy
alternatives. For example, in a bonus bidding system with a fixed royalty
rate, the expected bonus bid is a function of after tax net present value.31

The sum of the bonus bid, royalty income, and taxes is equal to total economic
rent.

Under a royalty bid system, the winning bid would be expected to be the
one which eliminates after tax net present value. In other words, when after
tax net present value is constrained to equal zero, royalty payments and

31
Actual bonus bids are a result of bidding strategies formulated from

game theoretic approaches combined with bidders estimates of lease value.
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taxes alone would compose economic rent, and the royalty bid rate can be
determined. Hence, the discounted value of cumulative royalty payments
and taxes equals the anticipated economic rent.

One of the policy options programmed into the model is the ability to
determine what the royalty bid rate would be under the above assumptions.
In addition to the fixed royalty and royalty bid option, sliding scale royalty
systems are also incorporated into the model. Under these systems, the
royalty rate in each period is a function of the amount or value of pro-
duction in that period. These systems attempt to capture rent due to econ-
omies of scale and to prevent ear1y termination of production by varying the
royalty rate directly with the level or value of production. Similarly,
a variable profit share system is incorporated into the model which allows
the profit share rate to vary in each production period with the amount of
profit in that period.

A number of other profit share systems are also included in the model.
A capital recovery system, which provides for recovery of capital at a speci-
fied rate of interest over a predetermined time period before the government
takes its profit share, is one of the profit share variations. Also, a
profit share system based on the British profit share plan is included  see
Chapter III for an expanded discussion of these options!.

The model is also programmed to handle any of three variations of ad-
vanced royalty payments. Specific advanced royalty systems with the ad-
vanced royalty based on either a certain value per unit of output or a certain
percentage of the gross value at the point of the lease are two of the ad-
vanced royalty options. A third advanced royalty option  ad valorem! provides
for collecting advanced royalties at a predetermined rate based on the actual
price prevalent throughout the production period. In conjunctiorl with any
of the advanced royalty systems an exogenous delay in production may be input
to the model and the effects of any of the advance royalty systems with
alternative input values determined. Alternatively, changss in the expected
production delay caused by different advanced royalty parameters or price
expectations may be evaluated.

~gunner: Clearly a wide range of leasing policy options including bonus bid-
ding systems, royalty systems, profit share systems, and a number of combina-
tions of these systems and their many variants may be analyzed with the
generalized leasing model. In addition to the wide range of leasing policy
options, a number of tax policy options are also included in the model.
General policy options such as price subsidies, purchase guarantees, price
supports, investment subsidies and other policy options designed to increase
certainty for private investors are also included. Furthermore, other tax
policy, general policy, ox leasing policy options can easily be incorporated
in the model framework.>> Hence, the model is ideally suited for analysis of
a wide range of government policy options dealing with the disposition of
federally owned natural resources.

32 For example, model outputs from individual evaluations may be combined
to simulate lease sales through time. This approach is used to determine the
impacts through time of alternative leasing strategies.



Outputs of the basic model include statistics on the following variables:
production time horizon, installed capacity, present value of royalty pay-
ments, present ~alue of depletion, present value of taxes, present value of
profit share payments, production, reserves, total production cost, and after
tax net present value. Additional outputs are provided for specialized leas-
ing or other policy options such as the royalty bidding system.

The use of Monte Carlo simulation with uncertain variables pravides an
additional dimension to government policy analysis. Nat only can the change
in expected value of model outputs be determined when a policy variable is
changed, but also the change in variance of the model outputs can be deter-
mined. This information may be quite useful for government policy makers
attempting ta influence private sectar decisions. In addition, the simulation
process more closely approximates the decision making procedure used in the
private sector when evaluating potential resource investments.

This model description has been both detailed and comprehensive. The
aim has been to give the reader a thorough understanding of not only the
rationale behind the model algorithm. but also an understanding of the actual
equations and decision functions utilized in the programmed version of the
~odel. All too often, the links between theory and computational forms used
in models are not clearly established and readers and model users must
tediously grape through the description to provide these links on their own.
It is our hope that through providing a complete description of the model
mechanism that readers and users will be better able to utilize the model
results and to properly establish the links between these madel results and
informed policy analysis.33

33
The computer code and more detailed operating instructions are both

available from the authors for the interested reader.



Chapter V

Costs of OCS Production

Any economic analysis of OCS leasing behavior must utilize information
on production casts in conjunction with resource estimates. However, little
comprehensive data, either historical or current, is available fram which
forecasts of future production values can be derived  U.S. Department of the
Interior, 1970, p. 161!. The situation is further co~plicated by a number
of factors that potentially affect production cost magnitudes. Location
considerations, the type or combination of hydrocarbons present, the relation-
ship between production decline rates and production costs, and the type of
recovery technology utilized can all influence the level of costs associated
with extraction. The material in this Chapter examines the production cast
concept, reviews the available information relating to it, and provides a
range of cost estimates to use when analyzing OCS production possibilities.

Production Gast Conce ts: Economists normally classify costs of any process,
such as extracting hydrocarbons, as fixed or variable. Fixed  or investment!
costs cover the private sector's obligations for resources to provide a given
capacity. They do not vary with the level of output once that capacity is
installed. Variable  ar operating! costs, on the other hand, change with the
level of output and can be eliminated by a cessation of production. Although
both can occur at various points in the lifetime of an active leasehold, the
distinction is a necessary one if the concepts of marginal analysis are to be
applied.

It is also conventional, in economic analysis, to use cost curves de-
fined on a per unit of output basis, rather than on the basis of total costs.
Although the same information is utilized, per unit values are normally more
useful analytically. As indicated previously, a number of factors can inter-
act to define per unit fixed and variable cost curves far OCS hydrocarbon
production. First, locational considerations such as water depth, structure
 drilling! depth, drilling difficulty, climate and transportation vill result
in cost differentials among production areas. Second, costs per unit of
energy production may vary with the type of hydrocarbon discovered. That is,
per unit costs of production from an oil reservoir  which will normally con-
tain associated gas! can differ from those of a natural gas reservoir.
Third, producer control over ail reservoir production decline rates can gen-
erally be assumed within limits. However, that control, which can be
utilized to increase after tax net present value revenue, may increase pro-
duction costs. Advanced completion technology, installation of pressure
maintenance equipment and/or tertiary production techniques may be required.
The interaction of these factors with the decline rate and their impact on
production casts is complex and difficult to isolate.

34 Portions of the discussion are based on or taken from a previous work
by the authors  Kalter, et al., 1974, Ch. II!.
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This interaction and the others discussed makes any analytical effort
difficult. Even if cost data were available on the various components making
up investment and operating costs, the uniqueness of the data with respect to
specific reservoirs would make it difficult to generalize about the coeffi-
cients of interaction.  Note that the incremental costs and benefits of
various production factors need to be known before an adequate analysis can
be performed.! Consequently, derivation of production cost schedules will
require a set of limiting assumptions.

Assumptions: First, the use of advance recovery techni.ques to control de-
cline rates and change the ratio of recoverable reserves to oil in place must
be considered since it is the most complex of the factors affecting produc-
tion costs. Fortunately there are several reasons for eliminating considera-
tion of these techniques from the analytical effort undertake~ in this report.
As the recent Project Independence Blueprint Report  Oil, 1974, p, III � 2!
pointed out:

The decision of whether or not to undertake a secondary
[tertiary] recovery project is subsequent to a decision
to undertake exploration and development of primary re-
serves. If primary development is economically viable
by itself, it is assumed to be undertaken, and the sub-
sequent secondary recovery projects have to stand by
themselves.

This assumption has several implications. For our purposes, it implicitly
considers a bidding decision by the private sector to be based on primary
reserves only. It also considers the decision on advanced recovery tech-
niques to be one made only after a period of primary production. The validity
of both implications is an empirical question. However, if the postponement
argument is correct, the present value impact on bidding behavior will become
less with the passage of time to advanced recovery installation. In general,
the industry has tended to postpone advanced recovery until after a period
of production but it is unknown whether this decision affects bidding behav-
ior. Given the reduced present value impact, the uncertainty inherent in
advanced recovery techniques until after reservoir characteristics are known,
and the uncertainty associated with estimates of probable  pre-bid! reserves,
ignoring the costs  and benefits! of advanced recovery appears appropriate
for this analysis. With additional research time and resources, the complex
relationships can be investigated for possible incorporation in an expanded
analysis.

Second, for this analysis, exploration and production costs will be
estimated separately for hydrocarbon reservoirs containing primarily oil and
those containing primarily natural gas. Oil reservoirs usually produce crude
oil, associated natural gas and natural gas liquids. Natural gas reservoirs pro-
duce non-associated gas and natural gas liquids. Based on historical experi-
ence in the Gulf and in the Continental United States, it will be assumed
that eighty percent of the recoverable gas reserves are non-associated and
twenty percent associated  Department of the Interior, 1970, p. 174; National
Petroleum Council, 1973, p. 367; America~ Petroleum Institute, Reserves,
1974!. Although the rate of production of natural gas liquids  NGL! in the
Gulf has been somewhat higher for non � associated gas than for associated gas,
the NGL production in the OCS will be assumed proportional to natural gas
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production. For associated natural gas, the NGL production will be included
with the oil production and not measured separately.  This assumes NGL and
oil prices are equal!. For non-associated natural gas, a factor of .033
barrels of NGL per Mcf of natural gas will generally be used  see Chapter IT!.
This proportion is derived from the parameters used by the USGS in its
reserve estimates and from Spivak and Shelburne  p. 1308! in their analysis
of recoverab1e AOCS hydrocarbons.

The costs of producing associated and non-associated gas and natural. gas
liquids will be handled differently. When oil is the primary product, the
incremental cost of producing associated naturaL gas and NGL is small and
will be assumed negligible in this analysis. For non-associated natural gas,
production costs will be based upon appropriate madificatians of the compa-
nents pertaining to oil reservoirs.

Third, primary recovery costs, for the various hydrocarban associations,
will be different due to locational factors  such as weather! . Production
costs appropriate for each OCS area are needed for this study. Based on
National Petroleum Council data  NPC, r~g Qi~ii~~ Resources, 1975!, we
have estimated exploration, development, and operating costs for each of
five cost regions to be used in thi.s analysis. The procedures used in de-
riving these cost estimates are explained below.

Selection of NPC data as the basis for our cost estimates was based on

a thorough review of available cost information conducted for a previous
paper  Kalter, et al., 1974!. In that paper, we compared NPC based estimates
with estimates derived from agency studies within the Department of Interior
 USDI, Bureau of Mines, 1972; USDI, BLM, 1970!. We found the magnitudes of
NPC based estimates roughly carrespanded to those of other estimates, yet
offered significant advantages. That is, the NPC estimates were computed
for three different reservoir sizes and were based on 1974 cost figures.
Furthermore, NPC petroleum engineers made an effort to provide extrapolation
factors from their base case  Gulf of Mexico! ta other cost areas. In this
paper, we have continued to use NPC data as the basis for our cost estimates,
but we have modified the procedures and assumptions somewhat as will be
explained below.

InvestrDent Costs � Oil and Associated Natural Gasr A number of factors make

up the investment costs required if primary production from hydrocarbon
reservairs is to take place. For convenience, they can be subdivided into
two categories: exploration and development costs. Exploration costs in-
clude those elements involved in determining the location of hydrocarbons
in preparation for drilling development wells and initiating production.
Development costs encompass a host of elements required to install production
wells, initiate production activity, transport field output to established
shore facilities and abandon a depleted field.

Exploration Costs: Generally all exploratory activities, beginning with geo-
physical and geological surveys and concluding with the drilling of explora-
tory wells, are included in exploration costs. However, for an analysis of
leasing behavior, only the cost of exploratory wells should be included since
most of the geological and geophysical surveying will be done prior to the
lease sale. Therefore, these costs can be considered sunk in terms of arr
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investment decision. Furthermore, the cost of geological and geophysical
surveys is minimal compared to other exploration and production elements
 U. S. Department of the Interior, 1970, pp. 189-91!. The cost of explora-
tion, then, is a function of the cost of each exploratory well and the number
of wells which are drilled on any given structure or tract. The number of
wells required to explore a structure and the discovery efficiency  success
ratio! varies significantly among structures  Weaver, p, 13!. Discovery
efficiency offshore generally averages ten percent or less, meaning that
ten percent of the exploratory wells are successful in locating commercial
hydrocarbon deposits  American Petroleum Institute, Quarterly Review, 1974!.

Table 11.� Base Case Exploratory Drilling Expenditures Per Well

Amount  millions of dollars!Item

Drilling Expenditures � Day Rate of $27 M/D
x 80 Drill Days �0-12,000 Foot Well!+ $2.160

Equipping Expenditures � Day Rate of
$27 M/D x 7 Equipping Days .189

.264Tubular Goods

Wellhead

Test ing

Other

.050

.026

.025

Total Per Well Drilling and Equipment
Expenditures $2.714

Note: The Base Case is for 200 meters water depth, maderate climate,
expressed in thousands of 1974 constant dollars'

*The day rate is directly related to the cost of the rig and is intended
to cover depreciation, insurance, interest expense, variable general and
administrative expense, direct operating expense and a financial return to
the rig owner. A rig capital cost of $20 million is assumed.

Source: National Petroleum Council, Ocean Petroleum Resources 1975,
p. 24.

In estimating OCS exploration costs, estimates from known areas will be
used as baseline information from which extrapolations can be made. In this
regard, Gulf of Mexico data appears most relevant and appropriate. The
National Petroleum Council  Ocean Petroleum Resp rce , p. 9! has estimated
the cost of an exploratory well in the Gulf of Mexico  in 200 meters of water!
at $2.7 million. The number of exploratory wells drilled per 1000 acres of
lease area is an input to the analytical model  Chapter IV! and may vary by
area. The composition of the exploration well casts is given in Table 11.
Note that the values are in 1974 dollars. To bring the costs up to date, a
fifteen percent inflation factor was assumed for all costs  exploration and
development!.
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To determine the variation in exploration  and development! cost by
region, NPC used cost factors which varied with climate. We have modified
the original NPC cost factors and regions somewhat in producing the cost
factors found in Table 12.35

Region
Number Region Name

Exploration Development
Cost Factor Cost FactorAreas Used

Gulf af Mexico

South Atlantic

South Pacific

1.0moderate 1.0

1.4moderate-severe Central Atlantic

North Pacific
1.9

North Atlantic

Gulf of Alaska
1.8severe 2.8

ice laden Bering Sea, Alaska 2.3 3.7

severely ice laden Chukchi Sea
Arctic Ocean

4.6 4.6

Exploration costs per well in 1975 dollars by cost region are found in
Table 13. These costs, and all other costs in this paper, assume 200 meters
of water depth. They could be somewhat lower for shallower depths but would
increase significantly for deeper water areas. No attempt is made to analyze
the economics of hydrocarbon production in very deep water.

Cost per Well
 millions of 1975 dollars!

Cast

Region

35
A third category was defined  moderate-severe! which included the

Central Atlantic and the North Pacific. Cost estimates for this region were
assumed to be the midpoint of two climatic conditions � moderate and severe.
In addition, development costs for ice laden and severely ice laden regions

Table 12. � Cost Regions Used in the OCS Analysis

Table 13. � Exploratian Costs Per Well by Cost Region

3.121

4 ' 370

5.618

7.179

14.357
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Development Costs: Development costs are a function of a number of variables.
Some of these are platform costs, water depth, structure depth  drilling
depth!, percentage of dual completions, dry hole risk factors, drilling
difficulty, labor costs, climate, and others. As with exploration costs,
Gulf of Me~ico cost data can be determined and extrapolated to the OCS.

Several studies have estimated development costs, by component, for the
Gulf of Mexico  NPC, 1975; USDI, Bureau of Mines, 1972; USDI, 1970 !. Using
adjusted NPC data, the total costs for a two platform producing system in the
Gulf are provided in Table 14. NPC engineers assumed that this producing

Table 14. � Gulf of Mexico Development Costs �00 meter water depth!

$ in millions �974!Cost Component

$83.4Total development costs

+Discounted to present value using a 12 percent rate, year 8 for future
field improvements and year 15 for abandonment.

system would be used for oil reservoirs ranging in size from 25 to 175
million barrels' Although the resulting estimates are acceptable for re-
servoir sizes within that range, they are not acceptable for reservoir sizes
significantly smaller  where only one platform would be used! or significantly
larger  where more than two platforms would be used!, Consequently, we have
developed cost estimates for additional producing systems utilizing one, three
and four platforms  based on the original NPC data!. Table 15 details these
estimates for the four producing systems used in this analysis.

To determine cost per unit of installed capacity, the initial production
of each system on each reservoir size must be determined. Table 16 lists
the assumptions used in this analysis, some of which were adapted from the
original NPC assumptions  NPC, p. 32, 1975!. Obviously, these assumptions
are somewhat arbitrary and will not apply across all reservoir conditions.
In particular, some of the installed peak capacities are near the maximum
that could be expected for the given reservoirs  such as the NPC 25 and 65
miLlion barrel fields!. Nonetheless, these assumptions should give reliable
estimates of cost per unit of installed capacity by reservoir size.

were not given by NPC. Therefore, we assuaged a linear extrapolation from
those provided.

2 platforms 8 $15 million/unit
40 development wells 8 $ . 5 million/unit
60 miles of 20" pipeline 8 $15,000/inch/mile
2 sets of production facilities 8 $5 million/unit
Storage
Future field improvements  recompletions!*
Field abandonment*

$30.0
20.0

18.0

10.0

2.0

1.6

1.8
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Table 15.� Development Costs for Four Producing Systems
�974 dollars in millions!

Number of Platforms

2  base! 3
Cost Component

7.03.4 5.03.0

$160.0$120.0$50.0 $83.4Totals

Table 16. � Producing Characteristics of Petroleum Reservoirs

Reserves  million barrels!
Producing Characteristics

525 105015 25 65 175

Installed capacity  mB/year! 2. 956 5. 913 11. 826 17. 739 4 7. 304 118. 260

3 3

.13.23 .21 .13.23

9 20 23 15

2 2 3 4

13

The next step in determining cost per unit of installed capacity was to
divide the total development costs  from Table 15! by the installed capacities
 from Table 16!. The costs by reservoir size were then inflated to 1975
dol1ars and multiplied by the development cost regional factors  from Table 12!.
The resulting range of calculated development costs per unit of installed
capacity by reservoir size is found in Table 17.

If the reservoir sizes found in Table 17 were the only size reservoirs
we desired to analyze, the investment cost calculations cauld end at this
point. However, in the Monte Carlo analysis with uncertain reserves, a
reserve sample pick is selected for each iteratian from an assumed lognormal
distribution of reserves. Hence, across all QCS provinces, reserve sizes to
be analyzed will vary almost continuously over a very wide range. Therefore,
we attempted to fit the reserve size and cost data from Table 17 to a
functional form to allow development cost to vary continuously with reserve

Platforms

Wells

Pipeline
Production Facilities

Storage
Future field improvements

and abandonment

Years at peak capacity

Decline r at e  % /year !

Depletion period

Number of platforms

$15. 0
10. 0

15.0

5.0
2.0

$30.0
20.0

18.0

10.0
2.0

$45.0
30.0

22.0

15. 0

3.0

$60.0
40.0

29.0

20. 0

4.0
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Table 17.� Calculated Development Costs by Reservoir Size

Cost Region
Reservoir Size

 million bbls.!
1 �974 $! 1 �975 $! 2

$16.91

14.10

$19.45

16.22

$36.95 $54.45 $71.95 $89.4515

25

65 7.05 8.11

175 4.70 5. 41

525 2.54 2.92 5.55 8. 18

1050 1.36 2.97 4.38 5.79 7.19

size. For all cost regions, we found that a power curve functional form fit
the data quite well. The power curve is of the form shown in equation �8!:

b
C =aR�8!

where R is reserves, C is cost per unit of installed capacity, and a and b the
equation coefficients. By writing equation �8! in log form, the coefficients
can be found by linear regression. Equation �9! represents the log form:

�9! ln C = ln a + b ln R

Table 18 provides the results of fitting cost data for each cost region to
the power curve.

Result

296,472 549,473 807,966 1,066,644 1,329,842

-.57958 �. 57818 �. 57805 �. 57799 � .57816

R .99 .99 .99 .99 .99

30.8l

15.40

10.27

Table 18. � Cost Power Curve Results by Cost Region

45.40

22.70

15.13

60.00

30.00

20.00

10.81

74.59

37.29

24.86

13.44
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Because the resulting b values were so similar, we decided ta use an average
b value for all cost regions  given the uncertainty in the original numbers!.
Hence, the b value for the cost. power curve is � .57839. The computer pro-
gram selects an a value according to cost region and then generates a unique
cost value for each iteration based on the reserve sample selection for that
iteration. Table 19 provides the cost values for the selected reservoirs
generated using the cost power curve function.

Cost Region
Reserve Size

 million bbls.!

$20.96

15.60

$38. 85 $57.12

42.51

$75.41

56.12

15

25 28.91

65 8.98 16.64 24,46 32.29

175 5.06 9.38 13.79 18.21

525 2.68 4.97 7.31 9.65

4.891050 1.80 3.33 6.46 8.05

These costs are calculated as dollars per unit of installed annual capacity.
To convert these data to "new daily barrel" cost often used in industry,
multiply the given cost by 365. For example, the "new daily barrel" develap-
ment cost for a 175 million barrel reservoir in the Baltimore Canyon
 Region 2! would be $3424.

0 eratin Costs � Oil and Associated Natural Gas: Average operating costs
for the primary recovery of petroleum have been estimated as about $.50 per
barrel  as of 1970! in the Gulf of Mexico  USDI, 1970; Weaver!. NPC estimated
~ayers e operating costs over the production period at 9.97/harrel  NPC, p. 9D.
1915!. As the 1975 initial operating cost for the moderate cost region
 Gulf of Mexico!, we will use $.40 per barrel of initial production capacity.
Operating cost would be expected to vary among cost regions but not by as
much as exploration or development casts. For purposes of this analysis, we
will assume that operating costs vary among cost regions at one-third the
rate of development costs. Using this assumption, Table 20 provides the
initial and average operating casts for oil and. associated natural gas by
cost region. Operating costs per unit are assumed to be constant, not to vary
with reservoir size or installed capacity.

Table 19. � � Cost by Reservoir Size Generated by the Power Curve
�975 Dollars!

$94.02

69.97

40.26

22.70

12.03
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Table 20.� Operating Costs by Sub-region

Initial Operating
Cost  $/barrel!

Average Operating
Cost  $/barrel!~

Cost Region

$.40 .93

.52 1.21

1.49.64

1.76.76

2.04.88

*Assuming a fifteen year production time horizon, decline rate of
ten percent and 6 = 0.

Investment Costs � Non-associated Natural Gas: As with oil reservoirs, a
number of factors make up the investment costs required to obtain production
from non � associated natural gas fields. Again, we can divide these costs
into the two categories of exploration and development.

Since it is highly unlikely that oil and non-associated natural gas
reservoirs will ever be found together on a common leasehold, one can postu-
late that the same amount of exploration activity will be required to find
either type of energy source. Thus, exploration expenses for natural gas
cannot be assumed to be  oint with those estimated for oil. On the other
hand, the amount of exploration activity and its cost should be no different
than that estimated for oil  by cost region and water depth!. We will, thus,
assume that the values displayed in Tables ll through 13 are applicable to
natural gas.

l. Gas reservoirs comparable to the oil reservoirs used above are six
times  AAPG, 1975! the size of the oil reservoirs  in Mcf!.

2. The number of platforms  and wells! needed to develop the gas is
reduced by one platform over the oil case  except for the smallest reservoir
where one platform with fewer wells is still required! .

3. The initial capacity of t' he gas production is set at two thirds of
the equivalent oil production- In other words, the oil production values
were multiplied by 4  .67 x 6!. Gas production generally occurs at lower
 relative! levels than oil and proceeds for longer periods.

Development cost for non � associated gas, however, should be substantially
lower than that for oil reservoirs. Fewer wells would have ta be drilled for
a comparable size reservoir, perhaps eliminating the need for additional
platforms. Storage costs would be substantially lower, and other cost compo-
nents  such as transportation! would be reduced  Garett, 1974!. For purposes
of approximating the gas development costs, we make the following assumptions:
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Using these assumptions, the base values for gas investment cost were calcu-
lated and are displayed in Table 21.

Table 21. � Base Case Gas Investment Costs

1974 Base 1975 Base

 $/Mcf!  $/Mcf!
Initial Capacity Cost

 million Mcf!  million $!
Reserves

 million Mcf!

3.38 3. 894011. 824

23.652

47.304

70.956

189.216

90

2.4350 2.11150

1.221.06390 50

.81.70501050

.44 .5183.43150

These costs were extrapolated to the other four cost regions as was done for
oil. Similarly, a power curve was fit to the data, and the values shown in
Table 22 represent costs by region and reservoir size generated from the
power function.

Table 22. � Gas Investment Costs Using the Power Function

Cost Regions  $/Mcf!
Reserves

 million Mcf!

$15.47

11.62

$3. 28 $6. 48 $9.3990 $12.31

4.862.46150 9.247.05

5.40 6.792.85 4.121.44390

3.901.63 2.36.83 3.101050

2. 101.28.45 .883150 l. 67

Readers should note that these cost estimates have not been evaluated as
thoroughly as the oil costs and may be sub]ect to error.

0 eratin Costs for Non-associated Natural Gas: Operating costs ranged from
$.04 to $.06 per Mcf in the Interior study  Department of the Interior, 1970,
pp. 206-208! . For the Gulf of Mexico  cost region one!, an initial operating
cost of $.04 per Mcf will be used. Costs for other regions, calculated, in
the same manner as for oil, are shown in Table 23.
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Table 23. � Operating .ts for Non-associated Natural Gas

Initial Operating Cost  $/Mcf!Cost Region

$.04

.05

.06

.08

.09

As was assumed for oil, operating costs are assumed not to vary with reser-
voir size. Costs for natural gas liquids are assumed to be included in the
natural gas costs  both operating and investment!.

~Summer: Tables 24 and 25 summarise the values which are used in this analy-
sis for oil and natural gas investment and operating costs.

Table 24.� Oil Costs: Summary

15 $20.96

15.6020

8.98

175 9. 38 22. 705.06

525 2.68 4.97 7.31 9.65 12. 03

1050 3.33 6. 461.80 4.89 8.05

3. 121 4.370 5.618 14.3577.179

.40 .52 .64 .88.76

Exp. Costs
per well
 in millions!

Operating
Costs

 initial!

$38.85

28.91

16.64

$57 s12

42.51

24.46

13.79

$75. 41

56. 12

32. 29

18. 21

$94.02

69.97

40.26
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$6.48 $12.31$3. 28 $9. 3990

9.24150 2.46 4.86 7.05

6.791.44 2.85 4.12 5.40390

3.901.63 2.36 3. 101050 .83

1.28 1.673150 2.10.88.45

3.121 4.370 5.618 7.179 14.357

.04 .05 .06 .08 .09

Table 25.� Non-associated Natural Gas Costs: Summary

Reservoir

Size

Exp. Costs
per well
 in millions!

Operating
Costs

 init is 1!

$15.47

11.62



Chapter VI

Comparison of Alternative OCS Leasing Systems and Schedules

With the widespread current interest in OCS leasing activity, increased
attention has been focused on alternative leasing systems and schedules for
public OCS areas. This chapter is divided into two parts -- the first pro-
vides a comparison of the alternative leasing systems and the second examines
the impacts of alternative leasing schedules.

Part I

Al t ernat i ve Leas ing Sys terna

Theoretical differences among several alternative systems were discussed
in Chapter III. This section provides the conclusions of our empirical analy-
sis of those systems. The first step in this discussion is to define the
specific systems which were subjected to analysis. Secondly, assumptions and
data that are common to all leasing systems tested are outlined, and finally,
the analytical results are presented and the alternative systeIns are compared
using several evaluation criteria.

S stems Evaluated: The current cash bonus system is used in the analysis as
the standard against which alternative systems are compared. The cash bonus
system presently utilizes a fixed royalty rate of 16.67 percent with the
remainder of government revenue coming from taxes and. the bonus payment. The
bonus amount is the bid variable under the system. In fact, each of the al-
ternative systems tested for this paper uses the cash bonus as the bid vari-
able. However, the systems differ significantly in the importance of the
bonus payment relative to contingency payments.

The systems which were analyzed, and are normally classified as contin-
gency systems, are as follows:

Cash bonus with a hi her fixed. ro alt � Alternative royalty rates
were tested beginning with 20 percent.

2. Cash bonus with a variable ro alt rate -- The royalty rate was
structured to vary with production levels and value of production. In the

36

The variable rate structures generally were designed to capture a
greater proportion of total economic rent on highly profitable fields and a
smaller proportion on marginal fields. Consequently, they were designed so
that the marginal field ATNPV values with the variable rate systems would be
somewhat higher than the ATNPV values for the comparable fixed rate contin-
gency systems. Similarly, tor the highly profitable production situations,
the rate structures were designed so that the ATNPV would be lover than the
cash bonus system and generally lower than the comparable fixed rate contin-
gency system.



former case, the rate was set at fifteen percent up to three ~illion barrels
and increased one percent for each incremental two million barrels of annual
production up to a maximum of 40 percent. For example, an annual production
level of twenty-five million barrels would result in a royalty rate of twenty-
six percent. For non-associated natural gas fields, the initial rate of
fifteen percent held for production up to twenty million Mcf per year and the
rate increased one percent for each incremental ten million Mcf of annual
production up to a maximum of forty percent. For this rate structure, annual
production of 100 million Mcf would result in a royalty rate of twenty-three
percent. For the system in which the royalty rate varied with the value of
production, the minimum rate of five percent applied for production values
of up to $10 million annually and the rate increased one percent for each
incremental $5 million in production value up to a maximum of fifty percent.
If the annual gross revenue  value of production! were $100 million, the
applicable royalty rate would be twenty-three percent.

3. Cash bonus cou led with a rofit share calculated on a taxable income
 IRS! base -- In this system, a profit share is deducted from taxable income
before taxes. A number of rates were tested beginning with twenty percent.

4. The IRS base rofit share s stem with a variable rate � For the
variable rate profit share system, the rate for each year changes with net
income. The minimum rate of twenty percent applies in any year in which net
income  the profit share base! is up to $10 million per year. The rate in-
creases one percent per incremental $2 million of annual profits up to a
maximum of eighty percent. For example, annual profits of $40 million would
result in a profit share rate of thirty-five percent. The rate is recalcula-
ted for each year of production.

5. Annuit ca ital recove rofit share s stem with a cash bonus bid--
Under the capital recovery system, a portion of the initial investment plus
interest are allowed to be deducted each year from the profit share base
before the government's profit share is computed. This deduction is com-
puted by converting all investment costs plus interest to the beginning of
production into an annuity using eight years and eight percent as time and
interest values. The value of this annuity  plus any carryover! is sub-
tracted from the profit share base before computing the government's profit
share. " A range of rates was tested for this system, beginning at thirty
percent.

6. Variable rate ca ital recove rofit share s stem with bonus bid-
The same profit share variable rate structure as described above was utilized.

37
For both the annuity capital recovery and the Sritish capital recovery

systems, normal expensing and depreciation of investment was allowed. Al-
though this amounts to allowing double recovery of capital, the approach was
taken because any alternative would probably require a change in the IRS code
as well as leasing laws. Sensitivity tests were conducted on a limited scale
in which expensing and depreciation of investment were disallowed. The re-
sults showed that the numerical values changed significantly, but the overall
system results appeared similar. Nore study needs to be conducted on this
aspect of capital recovery systems.
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7 ~ Bzitish t e ca ital recover s stem with a bonus bid � In this
type of profit share system, all of the initial capital investment times
some factor  for this analysis, 1.5! is deducted from the profit share base
before any profit share is taken. This approach results in no profit share
being taken by the government in the early years of production. A range of
rates beginning with thirty percent were tested for this system.

8. British t e ca ital recove s stem usin a variable rate with a
bonus bid -- The same variable rate structure as described above is employed.

All of the profit share systems described used a zero royalty rate, and
the royalty and cash bonus systems used a zero pzofit share rate. Obviously,
a number of combinations of the above systems could be designed and subjected
to analysis. This task was not undertaken as a part of this study because
our primary focus was to determine the major impacts caused by key features
of the alternative systems.

Assum tions and Data: Table 26 gives the values for variables which are
common to all the tests conducted. The values which change by lease system
were provided above, and those which vary fox other reasons are provided in
Chapter II  geologic inputs! and Chapter V  costs! . Complete definitions
of the variables and explanations for usage are found in Chapter IV  model
description!.

Several of the data assumptions listed in Table 26 are particularly ior-
portant. First, a uniform production decline rate of ten percent was assumed
for all tests. Clearly, this assumption is not generally valid. However,
the absence of better information, it was considered the best alternative
and representative of average conditions. Second, the mean of the annual
price change distribution was set equal to zero for both oil and natural gas.
phis assumptiou impltes that the ~ex ected real prices of these resources mould
not change through time  although the actual sample prices would! . Third,
a development lag of five years, including a two year exploration period, was
assumed for all tests. Although the development period would probably fall
through time as activity proceeded in a given region, we have no way of es-
timating the rate or extent of the change so uniform development and explora-
tion periods were assumed.

Another assumption, utilized for the leasing system comparison, is that
there are no short run equipment or rrranpower constraints. No institutional
restrictions on the rate of production were included, other than any effect
implicitly included in the minimum allowable production time  ten years! . In
addition, the primary focus of the leasing systems evaluation will be a corn-
parison of the alternative systems as applied to oil reservoirs with associa-
ted natural gas. The results should not be significantly different ior non-
associated natural gas reservoi.rs, but tests were conducted to verify this
presumption.

Anal tical Results: In detailing analytical results, we will first consider
the question of lease system viability under economically marginal conditions
 given certain combinations of production costs, price and reserves!. Then,
we turn to the possibi,lity of more profitable production circumstances'
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.10

.50

lognormal

Production decline rate, a
Beta  recovery factor!, S
Reserve distributions

Price related

Original oil price, Po
Original gas price~ GPo
Mean of oi~ price change distribution, RP1MN
Std. dev. of price change distribution, RPlSTD
Mean of gas price change distribution, GP1MN
Std. dev. of price change distribution, GPlSTD

$11.00, $13.00 and $16.00
$. 60, $1. 50 and $2. 00
0

.04

0

.05

Tax related

Depreciation method, NDEPR
Depreciation lifetime, N
Percent invest~ant salvageable,
Investment tax credit rate,
Federal corporate tax rate,

Sum of Years Digits
15 years
10K

lOX

48%%d

Time related
Minimum producti.on time, TMIN
Years of flat production plus production

build up, FLATP
Maximum production period, TMAX
Development and exploration period, LAG
Explorati.on period, LAG1
Production build up period, IBP
Production build up factors, BPP

year 1
year 2

9 years

5 years
40 years
5 years
2 years
2 years

.5

.8

Cost related

Working capital factor, WCF
Triangular investment and operating cost

contingency dis tributions
BMIN, KMIN
BMODE, KMODE
BMAX, KMAX

Rent per acre, RENT
Investment cost allocation during development,

year 1
year 2
year 3
year 4
year 5

�.05

0

.1

$3. 00

0 .1
.3

.4

.2

Table 26.� Common Input Values for Leasing Policy Analysis
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Table 26. � Continued

that is tangible, YZ
0

.7

.7

.8

.8

Exploration cos t allocation during exploration, F 1
year 1 .4
year 2 .6

Percent exploration cost tangible each year, YZ1
year 1 0
year 2 .3

Other Factors*

Discount rate

No. of exploratory wells per 1000 acres
No. of acres per tract, ACRES
Bonus factor, BFAC
No. of M. C. iterations, NLOOP

+All of the following variables were set equal to zero: SUB, BCON, 9, z,
GPMIN, BYPRCD, ALAMB, CHALMB, ST, NgO, PMIN, MPI, SUBI, MCR.

P er cen t inves tmen t each yea r
year 1
year 2
year 3
year 4
year 5

.12

.5

5760

.75

200



Viability of ALternative Leasing Systems: The first ob~ective of this analy-
sis was to determine the effect of each leasing system, and the associated
contingency rates, in marginal nroducing areas; that is, those areas where
costs of production are very high in relation to anticipated revenues. Given
the physical factors of production and the current institutional framework
 taxes, etc.!, three factors that influence the economic viability of a
given hydrocarbon discovery are reserve size, production costs, and market
prices. Consequently, we tested various field discovery sizes under alterna-
tive cost conditions over a range of oil and natural gas prices to determine
which fields were economic under the current leasing system. Three field
sizes  small, medium and large! based upon the analysis contained in Chapter
II, above, were used, along with relevant costs for the various NPC cost
regions  see Chapter V! . Both oil and non-associated natural gas fields were
evaluated.

Table 27.� Oil Field Development Pattern by Field Size and Cost Region*

Field Size

Cost Region

Small Medium Large

5 3 1 no no

yes
yes

yes

yes
yes

no

yes

*This pattern was essentially the same for natural gas fields when the
cash bonus leasing system was utilized.

38

Alternative criteria could be employed which take the degree of risk
into consideration, but this approach was selected to simplify comparisons
among systems and leasing conditions.

Using a positive ATNPV as the economic development criterion , we deter-38

mined which field sizes could be developed in each cost region for each set
of prices. Three sets of prices were tested: 1! $11.00 per barrel for oil
and $.60 per Mcf for natural gas, 2! $13.00 per barrel for oil and. $1.50 per
Mcf for natural gas, and 3! $16.00 per barrel for oil and $2.00 per Mcf for
natural gas. Interestingly, the petroleum field size development pattern by
cost region did not change over the entire range of prices tested. Table 27
shows that pattern when using the current cash bonus system by field size for
three selected cost regions. The cost regions shown were also used for the
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analysis of alternative leasing systems under marginal economic conditions
since they represented the range of cost conditions that can be expected
throughout the OCS ~ The following field size-cost region combinations were
used:

1. Large field in cost region 5, province l,
2. Nedium field in cost region 3, province ll, and
3. Small field in cost region 1, province 8.

Since the lowest set of prices tested yielded the least economic rent, the
$11.00 per barrel oil and $.60 per Mcf natural gas prices were used in the
marginal analysis.

Table 28 displays the results of the model simulations for each of the
alternative systems when used in the three economically marginal operating areas.
listed above, For each of the contingency systems, the highest contingency
rate  in ten percent intervals! that could be used in all three areas while
permitting profitable development was employed. The variable rate structures
also were designed to be viable in each of the marginal producing situa-
tions.39 Ln general, the analysis showed that any of the alternative Leasing
systems could be used effectively in marginal areas if the contingency rates
were properly set.

However, in comparing alternative systems, both in marginal and in more
profitable production situations, evaluation criteria are needed. For this
analysis five criteria were selected:

l. Government revenue,

2. Total expected production,

3. Chance of a less than normaL profit,

4. Bonus ratio -- ratio of the ATNPV of each system to that of the cUr-
rent cash bonus system, and

5. Ratio of the mean ATNPV to the standard deviation of ATNPV.

Changes in these indicators were noted for all systems with the current cash
bonus system serving as the standard of comparison. The first measure,
government revenue, is an indicator of the efficiency of each system in terms
of revenue collection. However, the measure does not make differential

39

One exception is the variable rate profit share structure which pro-
duced no development for the large field in cost region 5 using the IRS profit
share base.
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adjustments ta ATNPV among systems  to compensate for differences in risk!.
Hence, it is only an approximate relative indicator of revenue differences.
The second indicator, total expected praductian, measures diff~rences in
resource recovery which may be attributed to the lease system.

The last three indicators measure the extent ta which risk is shared

by alternative systems relative to the current cash bonus system. If the
chance of a less than normal profit is lower for an alternative system than
far the current system, risk is considered to be lower, all other things
being equal. The extent to which the expected bonus is altered by an alter-
native system is another indicator of risk sharing for given praduction con-
siderations. This can be represented by the bonus ratio  the ratio of ATNPV
for the test system to that of the cash bonus system!. However, for marginal
production conditions, bonus changes are less important because the expected
bonus is low. Thus, as a further indicator of risk sharing, the ratio of the
mean ATNPV to the standard deviation of the ATNPV distribution was used.

This indicator measures the relative spread of potential investment outcomes.
Each of these indicators was devised in an attempt to measure the change in
risk borne by private sector bidders under different leasing systems.
Assuming risk aversion, these indicators would also be related to changes
in the bonus payment and, hence, to the total economic rent collected by the
government.

Before turning to a more comprehensive analysis, we will briefly review
the results displayed in Table 28 using the criteria discussed. above. In
each of the marginal fields, the fixed royalty system reduced government
revenue and ATNPV, increased the chance of a less than normal profit, reduced
the mean/S.D. ratio, and reduced expected production. Hence, the only posi-
tive change for the fixed royalty system was the reduction in ATNPV; how-
ever, since ATNPV is already small on marginal fields, this is of little
consequence. Based on the marginal fields analysis alone, one could conclude
that there is no comparative advantage to the bonus system with a higher
fixed royalty.

40
For the government revenue calculation, royalties, taxes paid and

bonus payments were included. The bonus was arbitrarily set at seventy-five
percent of the calculated after tax net present value for each system. Thus,
a uniform risk discount was assumed across all test cases.

41

Note that this indicator differs from the mean discovery size value
shown in another column of Table 28. That value refers to the average
discovery when a reservoir is produced. That is, it is a condition expecta-
tion. Total expected production, on the other hand, is the unconditional
expectation of production. That expectation accounts for dry hole risk and
ecanomic variables; thus, considering all Monte Carlo iteration results.

42

Actual tests of risk sharing using the ATNPV indicator, however, di-
rectly measured statistically significant differences between ATNPV values.
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For the variable royalty systems, such a clear cut conclusion can not
be drawn. In fact, when the royalty is variable with production, the direc-
tion of change is not consistent for any of the five criteria used. When
the royalty rate is variable with value, the direction of change is not
consistent for three of the five variables. However, two of the risk rela-
ted variables consistently co~pare favorably with the current cash bonus
system: chance of a less than normal profit and the mean/S.D. ATNPV ratio.
To completely evaluate these systems, tests on more profi.table
fields will be needed'

The IRS base fixed rate profit share system was consistently inferior
 except for the bonus ratio! to the current cash bonus system on all marginal
fields. The variable rate system was inferior on two field sizes and better
on the third by all five criteria. From the marginal field data, the fixed
rate IRS base profit share system is clearly no better than the current
system. The variable rate system also appears to be no better but will
receive closer scrutiny in the tests on more profitable fields,

The fixed rate capital recovery systems  annuity capital recovery and
British type! tended to increase government revenue, reduce the bonus pay-
ment, and reduce the mean/S.D. ratio  an increase in risk!. The annuity cap-
ital recovery system tended to reduce the chance of a less than normal profit
while the British type system tended to increase it. Similarly, the annuity
capital recovery system tended to increase the expected amount of production
while the British type plan tended to reduce it. The latter results are
probably due to the particular rate which was used for the British system.
Since rates were evaluated only in ten percent intervals, the rate used for
the British system appears to be much closer to the actual mini~urn than the
rate selected for the annuity capital recovery. For instance, the actual
minimum rate for the British plan could be sixty-two percent whereas it might
be fifty-eight percent for the capital recovery system. This explanation
accounts for the increase in chance of a less than normal profit, and, con-
sequently, the reduced production under the British system. Both systems
merit further examination on more profitable areas.

The variable rate capI.tal recovery profit share systems consistently
led to a reduction in the chance of a less than normal profit, increased
bonus payments, reduced mean/S.D. ratios, and increased production. Govern-
ment revenue was reduced in both cases on the large high cost field and in-
creased in the other two production situations. Since the bonus increase
is not a problem in marginal producing areas, these systems appear to offer
the most significant improvement over the current system in marginal pro-
ducing areas. We now turn to the analysis of more profitable areas to de-
termine the extent to which these preliminary conclusions are valid in a
broader context.

Test Results on Non-marginal Areas: Table 29 displays the analytical results
derived from applying the alternative systems to a medium and large field
discovery in cost region 1  Province 8!. Contingep~y rates from the previous
tests on marginal reservoirs  Table 28! were used. Also, similar price

43

This insures that the discovery of a marginal field will not result' In
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expectations were assumed. Several patterns emerge from a cursory review of
these results. The fixed rate annuity and British type capital recovery
systems clearly resulted in higher government revenue than the current cash
bonus system. The chance of a less than normal profit was reduced most by
the variable royalty rate system with the rate based on value of production.
However, all the capital recovery profit share systems also yielded a signi-
ficant improvement  reduction! in this indicator. Significant bonus reduc-
tion on the large field was achieved by all capital recovery profit share
systems, and by the variable rate XRS based profit share and variable rate
 value! royalty systems. On the medium size f ield, the greatest bonus re-
duction was achieved by the fixed rate capital recovery systems. The great-
es t improvement in the mean/S.D. ratio  increase! was achieved by the vari-
able rate systems  both royalty and profit share!. The variable rate systems
tended to narrow the range of expected outcomes as would be expected. None
of the alternative systems produced a major change in the expected amount of
production.

Using the three indicator distributions, we tested the null hypothesis
that the means were not significantly different, as shown in equation 40:

�0! H : u � u = 0
o 1 2

where u and u2 are the indicator population means for the cash bonus and al-
ternative system, respectively. In the first test, to determine if ATNPV
values are significantly different, we use the distributions of the differ-
ence of the ATNPV means  9 = Al � A>!. For large samples, the distribution
of 8 is approximately normal even though the ATNPV sample distributions are
not normal. The variable 0 is normally distributed with mean ul � u2 and
standard deviation  o ! as shown in equation 41:

a failure to develop. That is, the contingency rates were not set at a
higher level than that required for development of t' he marginal reservoir in
the highest cost region.

Statistical Decision Criteria: Having reviewed simulation results for both
marginal and more profitable production situations, we will combine the re-
sults to determine what conclusions can be reached concerning the overall
effectiveness of alternative systems. Table 30 displays the percentage
changes  relative to the current cash bonus system! in four of the indicator
variables described above: government revenue, chance of a less than normal
profit, mean/S.D. ratio, and expected oil production. The actual value of
the fifth variable, bonus ratio, is also included in the table. After re-
viewing the changes resulting from each system, each system indicator was

ences exist between that system and the current cash bonus system. For three
of the indicators � bonus ratio, chance of a less than normal profit, and
expected oil production � we were able to establish valid statistical tests
of significance.



Expected
Oil
Production

Chance of
Less than
Normal
Profit

Government
Revenue

Bonus
Ratio

Variance
Reduction

System

Cost Region 1 -- Small Reservoir

� .06

+.04
�. 04

+. 02

� .09
+.04

� .26
+. 13

1.5
~ 9

Royalty � Fixed
Royalty - Variable
Roy a 1ty � Variable

with Value
Profit Share

IRS � Fixed
IRS � Variable

Capital Recovery�
Fixed

Capital Recovery�
Variable

British � Fixed
British � Variable

+.24+.09 +.77 +.15.5

�. 68
+. 03

�.12
+.03

�. 20
+.03

4.0
1.1

� ~ 10

+.02

� .13 +.05+.06+.07 1.5

+.74
� .94

+.71

+. 15
+. 17
+. 15

+.25
� .16
+.24

+. 11
�. 04

+. 11

.5
31. 7

.6

Cost Region 1 � Medium Reservoir

-.04

+.12
-.03
+.10

Royalty � Fixed
Royalty � Va r i ab le
Royalty � Variable

with Value
Profit Share

IRS � Fixed

IRS � Variable
Capital Recovery�

Fixed
Capital Recovery�

Variable
British � Fixed
British � Variable

-.04 +. 36 +.02+.401.2

0
+.01

0
+. 25

+.02
+.01

1.2
1.2

0
+. 28

+ ~ 14 +. Ol+. 05 +. 40 1.4

+.01
+.01
+.01

+.30
+.13
+.31

+. 01
+. 06
+.Ol

+.36
+.32
+.36

1.0
1.7
1.1

Cost Region 1 � Large Reservoir

0
+ .18

0
+.Ol

0
+. 22

+. 01
+s03

1.1
1.3

Royalty � Fixed
Royalty � Variable
Royalty � Vari.able

with Value
Profit Share

IRS � F ixed
IRS � Variable
Capital Recovery�

Fixed
Capital Recovery�

Variable
British - Fixed
British - Variable

+. 14 +. 021.7+.03 +.59

+ .05
+1.04

+.01
+.02

+.02
� .07

+.22
+.41

1.1
1.8

+ .14+.05 +.011.'5+.41

+.02
+. 01
+.02

+l. 02
.18

+l. 01

1.6
1.7
1.6

+.41
+.41
+.44

�. 05
+ 07
� .04

Table 30. � Percentage Change in Leasing System Evaluation Criteria  Compared to
the Current Cash Bonus System! for Representative Reservoir Sizes and
Cost Regions»
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Table 30.--Continued

Chance of

Less than

Normal

Profit

Government

Revenue
Bonus Variance

Ratio Reducti,on

Expected
Oil

ProductionSystem

Cost Region 3 � Medium Reservoir

Royalty � Fixed
Royalty � Variable
Royalty - Variable

with Value

Profit Share

IRS - Fixed

IRS - Variable

Capital Recovery�
Fixed

Capital Recovery�
Variable

British � Fixed

British - V~riable

� ~ 02

� .02
1.6 � .29

1.1 0

- F 01

+.Ol

� .02

+.03

� .10 1.6 0+.05 +. 10

� .04

� .08
�. 03

� .Ol
3.6 � .65

2.1 -.29

�.06

�.01

+.02 1.6 � .18+.07 +.03

+.08

0

+.07

+.10

+.05

+.09

.6 +.71

3.1 � .53

.6 +.65

+.12

� .01

+.11

Cost Region 5 � Large. Reservoir

Royalty � Fixed
Royalty � Variable
Royalty � Variable

with Value

Profit Share

IRS � Fixed

IRS � Variable

Capital Recovery-
Fixed

Capital Recovery-
Variable

British - Fixed

British - Variable

� .04

� .13

� .04

-.03

-.29

- ~ 86

� .07

� ~ 04

1.5

12 ' 0

+.09 .6 +.64 +.14+. 10

� .64� .06 3.1

Ho Deve1opment
� .07

+.03+.08 2.1 � .36 +.05

+.06
� .03

+.09

� .01

+.01

� .02

.9 +.43
ll. 4 �. 86

1.5 +.07

+.09
� .07

+.14

*The bonus ratio is displayed as an actual value, not a percentage.
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�1!

Because the sample size is equal for all ATNPV sample distributions and the
sample variance can be used as an estimate of the populati.on variance, the
sample standard deviation  S ! is given by equation 42:

8

�2!

To conduct the test, we must find the value of 8 such that the probability
is equal to a that 0 will be larger. For a one-tail test with u = .1, this value
is given by equation 43:

8 = l. 28o8 ~ l. 28S~OL�3!

Use of a lower value for 5 leads to increasing the probability of a Type II
error  accepting H when H is false! and decreasing the power of the test
 Merrill and Fox, pp. 294-$96!.

This procedure was used to determine statistically significant differences
in values for three of the five indicators. The test could not be used for the

government revenue or mean/S.D. indicators because the variance for these dis-
tributions was not available. However, by observing the magnitude of changes
which were required for statistical significance in the other three indicators,
we could set a standard which would approximate a test of significance. For
government revenue, we used a change of ten percent on the three marginal fields
and five percent on the tr o more profitable fields as the minimum changes for
a significant difference. A twenty-five percent or greater change in the mean/
S AD. indicator was used,

Table 31 shows the signficant changes for all fields using plus and minus
signs to indicate the direction of change. Table 32 provides a summary of these
results using four different weighting schemes to aggregate the results shown in
Table 31. Each plus oz minus value in Table 31 was set equal to 1 or � 1 for
purposes of this summary ranking. In addition, Table 32 displays, for each
leasing system, a summary total of weighting results. The first sum assumes
equal weighting for all indicators for all fields. Using this criterion, the
three variable rate systems are clearly superior to the others. The fixed rate
capital recovery profit share systems also appear significantly better than the
cash bonus system. The second summation includes the more profitable fields
only. 'Ihe results indicate that all the profit share systems with the exception
of the fixed rate IRS system and the variable rate royalty  based on value!
system perform significantly better than the current cash bonus system. The
third sum includes government revenue changes only and indicates that only the
fixed rate capital recovery profit share systems perform better than the current
cash bonus system. The fourth sum eliminates changes in the mean/S.D. indicator
because there is less certainty of statistical validi.ty in that variable than
in the others. These results indicate that all the capital recovery profit



Chance of
Less than
Normal
Profit

Variance Expected
Reduction Oil

Production

Government
Revenue

Bonus
Ratio

System

Cost Region 1 � � Small Reservoir

Royalty � Fixed
Royalty � Variable
Rc y alt y � Va r i ab le

with Value
Profit Share

IRS � Fixed
IRS � Variable
C-pital Recovery�

Fixed
Capital Recovery�

Variable
British � Fixed
British � Variable

+ + +

Cost Region I � Medium Reservoir

Royalty � Fixed
Royalty � Variable
Royalty � Variable

with Value
Profit Share

IRS - Fixed
IRS � Variable

Capital Recovery�
Fixed

Capital Recovery�
Variable

British � Fixed
British - Variable

+ +
+

Cost Region 1 -- Large Reservoir

Royalty � Fixed
Royalty � Var iable
Royalty - Variable

with Value
Profit Share

IRS - Fixed
IRS - Variable

Capital Recovery-
Fixed

Capital Recovery-
Variable

British - Fixed
British � Variable

+ +
+

+ +
+

Table 31.� Statisticajly Significant Changes in Leasing Systems  Compared to the 1 j9
Current Cash Bonus System! as Indicated by Evaluation Criteria for
Representative Reservoir Sizes and Ccst Regions
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Chance of

Less than
Normal

Profit

Bonus

Ratio
Government

Revenue

System

Table 31. � Continued

Royalty � Fixed
Royalty � Var iab le
Royalty � Variable

with Value

Profit Share

IRS � Fixed

IRS � Variable

Capital Recovery�
Fixed

Capital Recovery�
Variable

British - Fixed

British � Variable

Royalty � Fixed
Royalty � Variable
Royalty � Variable

with Value

Profit Share

IRS � Fixed

IRS � Variable

Capital Recovery-
Fixed

Capital Recovery-
Variable

British � Fixed

British � Variable

Cost Region 3 -- Medium Reservoir

Cost Region 5 � Large Reservoir

Variance Expected
Reduction

Production



Table 32. � Leasing System Evaluation Summary

Alternative

Leasing
System

0
+ 1

3

0
0 1 3

+ 1

+ 5 + 6 +20+ 9

0 11

+ 3
+ 1

+ 4
+ 2

+ 1
+ 2

+ 7

+ 5 + 2 + 6 +19

+ 4

+6

+ 5

+ll

+ 6

+11

+22

+23

+24

+ 1

+ 2

+ 1

+ 6

+ 9

+ 7

share systems and the variable rate royalty  value! system are significantly
better than the current cash bonus system.

The equally weighted sum of each of these rankings indicates
ca ital recover rofit share s stems  annuit and British � fixed and variable
rate! and the variable rate ro alt s stem based on value all are si nificantl
better than the current cash bonus s stem. The fixed rate royalty and IRS
profit share systems appear no better than the current cash bonus system. The
quantitative indications of change shown in Table 30 also support these general
conclusions. Within the group of superior systems, results are not sufficiently
different to make any overall judgements. However, it appears that each of
these systems are preferable leasing options  to the current cash bonus system!
based on the evaluation criteria used in this analysis. Experimentation with
these systems is clearly needed, Actual experience with the systems would aid
in making judgements regarding trade-offs in achieving competing obj ectives
and differences in administrative costs. Experimentation with profit share sys-
tems requires new legislation  now pending before Congress!. However, the
variable rate royalty system can be implemented under existing statutory
authority.

Conclusion: The analysis of alternative leasing systems has been presented in
this part of Chapter VI. The conclusion is that any of five new leasing
systems could provide significant improvements over the current system. This
conclusion will form the basis for the comparative analysis of leasing
schedules in Part II of this Chapter.

Royalty � Fixed
Royalty � Variable
Royalty � Variable

with Value

Profit Share
IRS � Fixed

IRS � Variable

Capi tal Recovery�
Fixed

Capital Recovery
Variable

Br i tish � Fixed

British � Variable

Equal Non- Government Less Total
Weight margi.nal Revenue Mean/S.D.
Ranking Fields Criteria
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Part II

Alternative Leasing Schedules

In this section we will utilize the results of the leasing system analy-
sis in comparing alternative leasing schedules. Reserve data for the entire
OCS deve1oped in Chapter II and cost data developed in Chapter V will be used
as inputs to the analytical model  Chapter IV! to compare the economic and
production impacts. Four different schedule approaches and two schedule
lengths  eight actual schedules! will be analyzed. The results will demon-
strate the impact of both the leasing schedule and the Leasing system on
economic rent, total production, and production prof iles.

Back round Data and Anal sis: The analysis in part one of this chapter con-
cluded that any of five leasing systems appear superior to the current cash
bonus system. Furthermore, differences among these five systems were insuffi-
cient to make an obvious selection among them. Because it would be prohibi-
tively expensive to evaluate each combination of these leasing systems and
alternative leasing schedules, we decided to select one of the five systems
for this analysis. That system, the annuity capital recovery syste~ with a
fixed rate profit share of fifty percent, was then compared to results using
the current cash bonus approach.

Input data on assumed field size distributions and the expected number
of fields for each OCS subregion were developed in Chapter II and displayed in
Table 8, page 37. Investment and operating cost data were developed in Chap-
ter V. The entire OCS area was divided into five cost regions as shown in
Table 12, page 84. Tables 24 and 25, an pages 91-92, summarize the cost inputs
used in the analysis. Table 26, on pages 96-97, 1ists other inputs which were
used in all OCS subregions. To test sensitivity of the results to expected
prices, the three sets of initial prices used in the evaluation of leasing sys-
tems  Part I of this chapter! were also used here.

The results of the simulations for each OCS subregion and field size using
the current cash bonus and annuity capital recovery leasing systems with the
three stipulated price assumptions are tabulated in Appendix B. Each table
lists the mean present values of ATNPV, income taxes, royalty or profit share
collections, and economic rent; production cost; percent chance of a less than
normal profit; reserve discovery size; installed production capacity; produc-
tion time horizon; and expected oil and natural gas production. Tables B-1
through B-6 display results for the three price expectations using the current
cash bonus system, and Tables 8-7 t'hrough B-12 display the same results for the
annuity capital recovery system. The data in these Tables form the basis for
the subsequent analysis of alternative leasing schedules.

Nethodolo For Develo in Leasin Schedules: For purposes af analysis, four
schedules were designed to illustrate the production and economic effects of
different scheduling objectives. The four schedules include.'

~ Uniform

'Maximum economic rent

'Maximum production  in present barrel equivalents!
'Maximum environmental preservation

The rationale and lease sequence for each of these schedules is developed below.
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Schedule Length: For each of the four scheduling os ectives, two different
lengths were selected for analysis: ten years and twenty years. These two
planning hori.zons were selected to demonstrate the effect of leasing rates
on production profiles through time and the time distributi.on of economic
rent. The authors recognize that it is unlikely that seventy-five percent
of the remaining OCS reserves would be leased in ten years  see Chapter II!;
nonetheless, the ten year leasing period was chosen to illustrate the maximum
impact of an accelerated leasing program.

For all alternative schedules, the same total resource estimates were
used in order to maintain comparabili.ty. In the descriptions of alternative
schedules which follow, only the ten year schedules are actually displayed.
In each case, the twenty year schedule is simply a lengthened version of the
ten year schedule with no basic changes in structure. In this way, the iso-
lated contrast needed for comparison of schedule lengths can be obtained.

Acreage Limitations on Leasing Schedules: The areas of the OCS included in
the USGS-RAG energy resource estimates in Circular 725 total 673,291 square
miles or 430,900,000 acres, if the four geological provinces with estimates
of negligible resources  see Table 1! are excluded. These numbers are drawn
from t: he Basic Files for Circular 725  USGS, Denver! and are shown in Table 33.
If one assumes that each of the hypothetical 574 oil and natural gas fields
which represent seventy-five percent of the expected total offshore recoverable
reserves  listed in Table 12! will be di.scovered by leasing and exploration
of ten offshore tracts �760 acres x 10!, then 33,062,400 acres would have to
be leased and explored to discover all 574 fields �74 x 5760 x 10!. Using
33,062,400 acres as a point of departure, we assume that approximately 3.3
million acres would be leased in each year of a ten year lease program.

The next step is to make an assessment of the acreage which corresponds
to a single exploration effort unit for each individual subregion  see Chapter
II, Table 9; and Appendix A!. Using reasoning similar to that above, the num-
ber of fields expected to be discovered in each subregion was multiplied by
5760 acres and by ten tracts. In this way, a rough approximation of acreage
required to be leased in each subregion is obtained. The total and exploration
effort unit acreage value for each subregion are shown in Table 33 '

Applying the 3.3 million acres per year constraint to the formulation of
the leasing schedule implies, for example, that no more than three exploration
effort units from the Central and Western Gulf Subregion could be compressed
into any one year of the leasing schedule, while, on the oth~i hand, all ten
of the exploration effort units from the Gulf of Alaska potentially could be
included in one year of the schedulei However, because it seems unreasonable
to expect that an. entire subregion such as the Gulf of Alas>a would be leased
in only one year, a limit of five exploration effort units per year for each
subregion was imposed in formulating the schedules.

It is recognized that these acreage estimates are highly congectural ~
However, large errors in the estimates would not significantly affect the
analytical results because the acreage figures are only used as a constraint
and in no other way affect the time streams of economic rent or production ~

Uniform Leasing Schedule: This schedule entails leasing one effort unit of
each OCS subregion per year in a ten year schedule and .5 effort units per
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year in a twenty year schedule. In other words, the ten effort units for each
subregion  displayed in Appendix A! are spread uniformly over the leasing
planning horizon. This schedule serves as a basis of comparison for the other
schedules.

Maximum Economic Rent Schedule: An attempt to maximize the economic rent
 present value! resulting from offshore leasing entails maximizing the present
value of total economic rent determined from the simulation model. The expec-
ted economic rent for each subregion is obtained by multiplying the economic
rent for each developed field size  Tables B-l to 8-12, Appendix B! by the
number of fields of each size and summing. Table 34 provides a compilation
of the expected economic rent by subregion plus the order of leasing if regions
are leased according to their c~ptribution  using oil and natural gas prices of
$13,00 and $1.50 respectively!.

In order to maximize economic rent, it follows from Table 34 that the
Central and Western Gulf and Southern California are most favorable areas for

early emphasis in such a leasing schedule. Both the total economic rent for
these subregions and the total rent for the large field sizes within them
dictate that rapid leasing of the first half of the exploration effort units,
where most of the large fields are concentrated, would assist in meeting the
objective. When the objective of the leasing program is to maximize the
contribution to economic rent, these economic considerations and the acreage
constraints discussed above permit ex ante derivation of an appropriate sche-
dule. Table 35 displays the results of this derivation.

Maximum Production Schedule: Table 36 displays the total production expected
from each developable field size for each subregion and the total expected
production at expected prices of $13.00 per barrel of oil and $1.50 per Mcf of
natural gas  when using the current cash bonus bidding system!. In order to
maximize the present barrel equivalent of production, a leasing schedule which
accelerates the leasing of large fields, while delaying the leasing af small

44

It is probable that a greater contribution might be achieved by attempt-
ing to lease the most favorable prospects first regardless of the region of
occurence. This process, however, is beyond both the scope of the current
analysis and the ability of the government to structure an appropriate leasing
schedule in the face of uncertainty over field discovery size. Moreover, the
main, thrust here is to demonstrate the directi,on of changes in regional develop-
ment patterns under alternative schedules. In addition, indications of the
changes in production profiles and present value of economic rent can be obtained.

45

Analysis of the exploration effort schedules in Appendix A for all af the
geologic subregions indicates that, on average, sixty-nine percent of the large
fields are contained in the first five exploration effort units. Because a
substantial portion of the total economic rent is provided by the large fields,
an emphasis on leasing the first five exploration effort units of these sub-
regions with relatively high total economic rent would assist in maximizing
the present value of rents generated.
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Year

Subregion

5 6 7 82 3

9. Central and
Western Gulf 3 1 1 1 1

1 1 1 1

1 1 1 1 1

1 1 1 1 1

2 1

2 1

4 1

4 1

8 ~ S. Calif ornia 3

12. Central Atlantic

4. Gulf of Alaska

l. Arctic Ocean

2. Central Chukchi

10. MAFLA

11. North Atlantic

5. Cook Znlet

13. South Atlantic

6. North Pacific

7. Santa Cruz

1 3 1 1

3 2

1 1 1

1 1 1

2 1 2

1 2

1 2

1 2

Table 35.� Schedule to Maximize Economic Rent - Ten Years

 effort units per year!
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fields and subregions, would seem preferable. Previously, it was assumed that
attempting to accelerate leasing of large fields could be accomplished by
placing early scheduling emphasis an the first five exploration effort units in
each subregion. Coupling these considerations with the leasing constraints an
yearly acreage, a schedule which attempts ta maximize the present barrel equi-
valent of production is displayed in Table 37.

Table 37. � Schedule to Maximize Production � Ten Years
 effort unite per year!

9. Central and

Western Gulf 1 1 1 1 1

1 1 1 1 1

3 1 1 l 1 1

3 2

3 28. S. Californi.a

l. Arctic Ocean

2. Central Chukchi

3. Bering Sea

12. Central Atlanti,c

4. Gulf of Alaska

5. Cook Inlet

10. MAFLA

ll. North Atlantic

13. South Atlantic

6, North Pacific

7. Santa Cruz

1 3 l 1 1 1

2 2 2

1 1

1 1

3 3

3 3

3 4 3

2 4 4

46

Because each of the hypothetical leasing schedules includes the same
total reserve estimates, the absolute value of expected total production is the
same for all schedules. The max production schedule attempts to maximize the
present barrel equivalents of production, which is analogous to economic present
value.
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Maximum Environmental Protecti,on Schedule: There are at least two potential
approaches to formulating a schedule which maximizes environmental protection.
First, it might be desirable to account for environmental withdrawals in each
subregion. That is, portions of the acreage nominated by exploration companies
is withdrawn from leasing because of environmental considerations. To the
extent that the nomination process reflects ex ante beliefs about petroleum
prospects and these beliefs are correlated w'ith actual discovery  which we
assume in this analysis!, envi,ronmental withdrawals in the early years of a
leasing program could lead to postponement or elimination of si.gnificant petro-
leum resource production. Thus, a leasing schedule might be formulated such
that a certain portion of the fields projected to be discovered in the early
exploration effort uni,ts would either be delayed or excluded completely from
the leaSing process. However, no reasonable basis could be found for devising
such a schedule because of the paucity of subregional environmental data.

Alternatively, it may be possible to formulate an environmental preser-
vation schedule by ordering the leasing sequence of subregions according to
potential environmental damage cri,teria. One such case is discussed in the
Final Environmental Statement: Pro osed Increase in Oil and Gas Leasin on the
Outer Continental Shelf  Bureau of Land Management, 197S, pp ~ 341-347! ~ If
leasing of environmentally hazardous areas is deferred until later in the lease
schedule, one would hope that 1! technology would be developed in the interim
which would be better suited to cope with environmental problems, or 2! that
other sources of energy would become available which would alleviate the
necessity for development of the energy resources in these environmentally
hazardous regions. The Final Environmental Statement proposes two alternative
sequences based on this principle of saving the worst areas for last  Table ]37,
p. 343!. One of the sequences, "Schedule B," is listed in Table 38.

Table 38. � Region Leasing Sequence for Environmental Preservation

I' Gulf of Mexico, Northern Pacific Coast

II. South Atlantic

III. North and Mid-Atlantic, S. California, Gook Inlet

IV. All Alaska areas except Cook Inlet

Earliest

Latest

This proposed sequence is subjective and is "not derived from precise scientific
methodology"  BLM, 1975, p. 344! ~

To implement an environmental concerns schedule based on the above sequence,
the effort units for each subregion are scheduled according to the environmental
preservation sequence found in Table 38. The environmental preservation
schedule is displayed in Table 39.
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Table 39.� "Save the Worst for Last" Environmental Schedule � Ten Years
 effort units per year!

9. Central and

Wes t em Gulf 3 3 3 1

3 3

3 3

6. North Pacific 4

10. MAFLA 4

13. South Atlantic

7. Santa Cruz

11. North Atlantic

12. Central Atlantic

8. S. California

5. Cook Inlet

3. Bering Sea

2. Central Chukchi

4. Gulf of Alaska

1. Arctic Ocean

4 3 1

3 3

4 2

4 4 2

4 4 2

4 4 2

1 2 2 2 2

1 1 2 2 2

3 2 2 2 1

1 2 2 2 3

Schedule Com arison --- Economic Rent: The first basis for comparing the alter-
native 1easing schedules is in terms of the present value of economic rent.
Economic rent is the sum of ATNPV, taxes, and royalty or profit share payments.
Table 40 gives the total and discounted economic rent for each of the schedules
and time periods discussed above. Several points emerge from the data presented.

l. As would be expected, total economic rent varies significantly with the
price levels of oil and natural gas.

2. The present value of expected economic rent falls by about twenty-five
percent from the ten year to the twenty year schedules.
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3. There is no significant difference in the expected economic rent between
the two leasing systems tested. 7 A paired t statistic gs computed for the
difference between the system results for each schedule. These t statistics
indicated that the hypothesis that the mean system results are equal for the two
systems could not be re]ected  at the ten percent level!.

A paired t statistic was also computed between the uniform schedules and
each alternative schedule. The results indicated that although the difference in
the results for the four schedules is small  less than four percent!, it is
statistically significant.  T values ranged from seven to ten.! It is interest-
ing to note that there was little difference in the present value of economic
rent among the uniform, maz economic rent, and environmental schedules.

5. An important implication of this result is that environmental preserva-
tion  in terms of lease schedules! can, be accomplished with little sacrifice in
the present value of economic rent.

6. Another interesting facet of the results is that the max production
schedule delivers a significantly lower present value of economic rent than the
other schedules.

Schedule Com arison -- Production Streams: The expected production streams of
total liquids  oil plus condensate! and total gas  associated and non-associated!
under the alternative schedules, prices, and systems are shown in Tables 41-46.
Tables 41, 42, and 43 display results using the cash bonus system with the three
assumed price sets specified above. Results displayed in Tables 44, 45, and 46
utilize the annuity capital recovery profit share system with the same prices.
The present barrel equivalents of production resulting from each schedule is also
shown in each table.

The conclusions that emerge from the analysis of production schedules are
listed below.

1. Using the ten year uniform leasing schedule, peak OCS liquids production
 oil plus NGL! occurs about 1989 at a level of one billion barrels per year
�.9 million barrels per day! assuming a 1976 start date, and excluding produc-
tion from existing OCS leases.  See Tables 41-46 for production profiles based
on other schedules and price assumptions.!

47

Note that expected economic rent is different from the government revenue
figure used in Part I for the systems comparison. The systems comparison was
accomplished assuming risk. averse behavior on the part of private sector bidders,
and the alternative systems were evaluated in that context. Hconomic rent is a
riskless indicator of total economic surplus.

48

A paired t statistic is determined by calculating the characteristics of
the distribution of the difference  D! in the paired observations.

The t statistic is t = D/SD with n-1 degrees of freedom  Ostle, 1963,
pp. 96 and 121!.
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2 ~ New OCS production never could be expected to completely replace the
current levels of imports with any of the leasing schedules. This conclusion,
of course, is dependent upon the economic and geologic assumptions of this
analysis  VSDI, 1975, p. 86!.

3. OCS primary reserves would be exhausted by 2015 assuming a twenty year
leasing schedule and by 2005 assuming a ten year schedule  to 200 meters!.

4, Total expected liquids production from the OCS is 11-13 billion
barrels; total expected gas production is 39-64 billion Mcf �9-64 Tcf! depending
on resource prices and lease system used. These estimates depend upon all of
the reserve, cost, and economic assumptions and analyses described throughout
this paper.

The estimates fall into the lower end of the range of discoverable reserve
estimates presented by Miller, et al.: 10-49 billion barrels for oil and
42-181 trillion cubic feet for gas. Our expected production estimates were in
the lower end of the range for two reasons: �! We considered only seventy-five
percent of the total resources in our leasing schedules, and �! the economic
analysis resulted in some of the oil and gas not being produced because produc-
tion costs were too high relative to product prices.

5. Gas production is more responsive to changes in price than oil produc-
tion  varying from 38 to 64 billion Mcf!. This conclusion implies that de-
regulating natural gas  or substantially raising the price! could stimulate
new production.

6. The difference in present barrel equivalent of production among the
uniform, max economic rent, and environmental preservation schedules is small.
This result again implies that the environmental considerations in the leasing
schedule are not costly to society.

7. The schedule which was designed to maximize the present barrel equi-
valent of production did not accomplish this ob] ective. In fact, this schedule
achieved the lowest expected present barrel equivalent of production and Lowest
expected economic rent of all alternative schedules. Although the expected
production excluding economic considerations is high for the maximim production
schedule, when cost factors and other economic variables enter the process, the
~ex ected amount oi production is reduced because of the interacti.on oi economic
variables. The schedule to maximize the contribution maximizes the present
barrel equivalent of production. On reflection, this result is reasonable, and
the max production schedule is not an important alternative,

In general, the comparison of alternative leasing schedules revealed that
the differences among the selected schedules were relatively minor. However, a
number of potential schedule issues were not covered in this comparison. Issues
arising from regional environmental and production trade-offs or the social
welfare implications of a delay in OCS leasing  to use foreign oi' first! are
beyond the scope of this analysis.
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APPENDIX A

UNIT EFFORT TABULATION HY SUBREGION A%3 FIELD SIZE

Table A � l. � Expected OCS Region 1 Fields, by Size Category, Evenly Divided into
Ten Exploration Units*

Exploration
Unit

Number of

Medium Fields
Number of

Large Fields

Number of

Small Fields
Total Number

of Fields

Non-associated Natural Gas

* Based upon 75 percent of estimated undiscovered recoverable resources.

1

2 3

4 5 6 7 8
9

10
Total

1 2 3 4
5 6 7
8 9

10
Total

1

3 3 2 3
0 4

4 6 7
33

10 1 1 2 1 1 2 2 1
12

3 2 1 3
3 6 3 1
0 0

22

3 2 3 3 2
2

0 2 1
0

18

7 7
7 8

8 8 7 7
7 7

73

2

3 3 3 3 3 3
3 3 2

28
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Table A-2.--Expected OCS Region 2 Fields, by Size Category, Evenly Divided into
Ten Exploration i1nits*

Exploration
Unit

Total Number

of Fields
Number of

Large Fields
Number of

Small Fields

Number of

.tedium Fields

Oil

Non-associated Natural Gas

*Based upon 75 percent of estimated undiscovered recoverable resources'

1

2 3 4 5 6 7 8
9

10

Total

1 2

3 4 5 6 7 8 9
10

Total

2 3 3 1 3 4 5 4
5

31

1

0 0 2 2 1
1 1 1 2

11

2 3 1 2
3 3 1
0 1 1

17

3 1 3

2 3 1 2 1 1
0

17

6 6 7 7 7 7 7
6 6 6

65

2 2 2

3 3 3 2 2 2 2
23



Table A-3.� Expected OCS Kegion 3 Fields, by Size Category, Evenly Divided into
Ten Exploration Units+

Exploration
Unit

Number of

Small Fields
Number of'

Large Fields
Total Number

of Fields

Number of

Medium Fields

Oil

Non-associated Natural Gas

Eased upon 75 percent of estimated undiscovered recoverable resources.

1

2 3
4

5 6 7
8 9

10

Total

1

2 3

4 5 6 7 8
9

10

Total

3 3 4 2
3 6 7 8
8

4

48

1

0 2 1
2 2 1 3
2 1

15

2 3 3

5 3 3 1 1 1
4

26

3 3
2

2 3

0 1 0
0 0

14

8 9
9

9

9 9 9 9
9 8

88

2 3

3 3 3 3 3
3 3 3

29
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Exploration
Unit

Total Number

of Fields
Number of

Large Fields
Number of

Medium Fields
Number of

Small Fields

1 2 3 4 5 6 7 8 9
10

Total

Non-associated Natural Gas

1 2 3 S 6 7 8 9
lo

Total

*Based upon 75 percent of estimated undiscovered recoverable resources.

Table A-4.� Fxpected OCS Region 4 Fields, by Size Category, Evenly Divided into
Ten Exploration Units*
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Table A-5.� Expected OCS Region 5 Fields, by Size Category, Evenly Divided into
Ten Exploration Units+

Number of

Medium Fields

Number of

Small Fields

Exploration
Unit

Number of Total Number
Large Fields of Fields

Oil

Non-as sociated Na tura 1 Gas

1

2 3

5 6 7
8 9

10

Total

Based upon 75 percent of estimated undiscovered recoverable resources.

1

2 3 4
5 6 7
8 9

10
To tal

1

0

0 2 2 1
2 2 2
2

14

2

2 2 2
3 2 2 2
2 2

21
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Total Number

of Fields
Number of Number of

Medium F i e lds Large F ie 1ds
Number of

Small Fields
Exploration
Unit

Oi1

1 2 3 5 6 7 8
9

10

Total

Non-associated Natural Gas

12 3 4 5 6 7 8 9
10

Total

*Based upon 75 percent of estimated undiscovered recoverable resources.

Table A-6. � Expected OCS Region 6 Fields, by Size Category, Evenly Divided into
Ten Exploration Units~
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Exploration
Unit

Number of

Small Fields

Number

Medium

of

Fields

Number of

Large Fields
Total Number

of Fields

Oil

1

2 3

4 5 6 7 8
9

10

Total

Non-associated Natural Gus

1

2 3 4 5 6 7
8 9

10

Total

* Based pon 75 percent of estimated undiscovered recoverable resources.

Table A-7.� Expected OCS Region 7 Fields, by Size Category, Evenly Divided into
Ten Exp1oration Units+
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Table A-8. � Expected OCS Region 8 Fields, by Size Category, Evenly Divided into
Ten Exploration Units*

Exploration
Unit

Number of

S~all Fields

af

Fields
Number

Medium

Number of

Large Fields
Total Number

of Fields

Oil

Non-associated Natural Gas

*Based upon 75 percent of estimated undiscovered recoverable resources.

1 2 3
4 5

6 7 8 9
10

Total

1 2

3 4 5 6 7
8 9

10
Total

1 1 1

1 1 1 1 1 1
1

10
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Table A-9. � -Expected OCS Region 9 Fields, by Sise Category, Evenly Divided into
Ten Exploration Units*

Total Number

of Fields

Number of

Large Fields
Exploration
Unit

Number of

S~all Fields

Number of

Medium Fields

Oil

Non-associated Natural Gas

*
Based upon 75 percent of estimated undiscovered recoverable resources.

1 2 3 4 5 6 7
8 9

10
Total

1 2 3 4 5 6 7
8 9

10

Total

1 2 4 2
5 2 5 4 4 5

34

5 6 7
9

10

14

9

13

12

10

95

1

0 3
0 2

0 1 1
0

10

3 4 3 2 3
0 4

0 1 3
23

5 3 3 2 1
0 0 0 0 0

14

5 5 5 5
5 5 5 5 5

50

13

13

13

13

14

14
13

13

13

13
132
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Table A-10.--Expected OCS Region 10 Fields, by Size Category, Evenly Divided into
Ten Exploration Units*

Exploration Number of Number of Number of Total Number
Unit Small Fields Medium Fields Large Fields of Fields

1
2

3

4
5
6

7

8

9

10

Total

Non-associated Natural Gas

1

2

3

4

5

6

7
8

9

10

Total

*
Based upon 75 percent of estimated undiscovered recoverable resources.
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Exploration
Unit

Number of

Small Fields

Number

Nedium

Number of

Large Fields
of

Fields
Total Number

of Fields

Oil

1 2 3 4 5 6 7 8 9
10

Total

Non-associated Natural Gas

l2 3 4 4 6 7 8 9
10

Total

*Based upon 7S percent of estimated undiscovered recoverable resources.

Table A-ll.� Expected OCS Region 11 Fields, by Size Category, Evenly Divided into
Ten Exploration Units"
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Exploration
Unit

Number of

Medium Fields

Total Number

of Fields
Number of

Small Fields

Number of

Large Fields

1 2 3 4
5 6 7 8
9

10

Total

Non-associated Natural Gas

1 2 3

4 5 6 7 8 9
10

Total

* Based upon 75 percent of estimated undiscovered recoverable resources.

Table A-12. � Expected OCS Region 12 Fields, by Size Category, Evenly Divided into
Ten Exploration Units*
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Exploration Number of
Unit Small Fields

Number

Medium

of

Fields

Number of

Large Fields
Total Number

of Fields

Oil

1 2 3 4
5 6 7
8 9

].0

Total

Non-associated Natural Gas

1 2 3 4 5 6 7 8 9
10

Total

*Based upon 75 percent of estimated undiscovered recoverable resources.

Table A-13.� Expected OCS Region l3 Fields, By Size Category, Evenly Divided into
Ten Exploration Units*
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